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Abstract From a critical study of our present universe it is
found that dark energy, and of course, dark matter are there
in the universe from the beginning of its evolution manifest-
ing in one form or the other. The different forms contained
in our model are found to be generalized Chaplygin gas,
quintessence and phantom energy; of course, the general-
ized Chaplygin gas can explain the origin of dark energy as
well as dark matter in our universe simultaneously. However
the more beauty in our study is that there is high possibility
of the energy produced from the neutrinos might contribute
to the dark energy prevalent in this universe.

Keywords Dark energy · Dark matter · Neutrinos ·
Generalized Chaplygin gas · Quintessence · Phantom
energy · Evolution of the universe

1 Introduction

To explain the accelerated expansion of the universe differ-
ent investigators studied the existence of the so-called dark
energy in the framework of general relativity. On the other
hand, to explain such accelerated expansion some other
researchers suppose that gravity is modified on the large
scale. The forms of dark energy studied by different authors
are quintessence (Urena-Lopez and Matos 2000; de Ri-
tis and Marino 2001; Rubano and Seudellaro 2002; Blud-
man and Roos 2002; Sen and Seshadri 2003), K-essence
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(Armendariz-Picon et al. 2001; Chiba 2002; Malquarti
et al. 2003; Chimanto and Feinstein 2004; Scherrer 2004),
f-essence (Myrzakulov 2011), cosmological constant (Dein-
berg 1989; Carroll et al. 1992; Sahni and Starobinsky 2000;
Padmanabhan 2003, 2005a,b; Ellis 2003; Copeland et al.
2006), tachyon field (Choudhury et al. 2002; Gibbons 2002;
Padmanabhan 2002a,b; Sen 2005; Bagla et al. 1996; Jas-
sal 2004; Gorini et al. 2001), phantom fields (Caldwell
2002; Hao and Li 2003; Gibbons 2003; Gonzalez-Diaz
2003; Elizalda et al. 2004; Nojiri et al. 2005; Bronnikov and
Starobinsky 2007), Chaplygin gas and its generalizations
(Gorini et al. 2001; Bento et al. 2002; Dev et al. 2003; Sen
and Scherrer 2005; Srivastava 2005), branes (Gonzalez-Diaz
2000; Uzawa and Soda 2001; Jassal 2003; Milton 2003;
Sahni and Shtanov 2003; Sahni et al. 2008), cosmologi-
cal nuclear energy (Gupta and Pradhan 2010). Yadav and
Yadav (2011), Pradhan et al. (2011), Adhav et al. (2011a),
Kumar and Singh (2011), Yadav (2011), Shamir and Bhatti
(2012), Reddy et al. (2012, 2013), Pradhan (2013), Sahoo
and Mishra (2014) studied various dark energy models us-
ing different metrics.

Dark energy models with variable equation of state pa-
rameters were studied by Yadav et al. (2011), Ray et al.
(2011), Pradhan et al. (2012), Rao et al. (2012), Rao
and Neelima (2013), Katore et al. (2012), Saha and Ya-
dav (2012), Sahoo and Mishra (2014). Cosmological mod-
els with wet dark fluid as the candidate for dark energy
were studied by Adhav et al. (2011b,c), Jain et al. (2012),
Samanta (2013), Samanta et al. (2013, 2014), Mishra and
Sahoo (2014). Modeled universes containing dark energy
based on bulk viscosity have been studied by some authors
(Singh and Singh 2011; Katore et al. 2011; Saadat 2012;
Bali and Singh 2012; Verma et al. 2012; Samanta et al.
2013). Tade and Sambhe (2012), Mahanta et al. (2014) also
studied a few dark energy models of the universe. Manihar
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and Priyokumar (2014) obtained a model universe consist-
ing partly of quintessence form of dark energy and partly of
cosmological constant form of dark energy and studied the
present state of the universe. In one of their papers (Manihar
et al. 2015a) they obtained the possibility of cosmic time
going back in some universe dominated by dark energy.
Manihar et al. (2015b), Manihar and Priyokumar (2015),
Priyokumar et al. (2016) obtained also some models of the
universe containing dark energy with interesting results and
properties.

But unlike the universe models investigated by the differ-
ent authors, we obtain here a universe which seems to con-
tain dark energy from the beginning of its existence through-
out its evolution, towards the pseudo big crunch, manifest-
ing in one or other form, namely, in the form of generalized
Chaplygin gas in the beginning, then as quintessence, and
then as the phantom form of dark energy, which will be a
very interesting model of the universe giving us a chance to
study very deeply the inter relation between dark energy and
our universe. Moreover taking into account the period of the
universe dominated by the generalized form of Chaplygin
gas fluid it will be advantageous also for us to study about
the dark matter contained in this universe, as such a fluid
(Chaplygin gas) model can explain the origin of dark energy
as well as dark matter.

Again the ΛCDM (cosmological constant type dark en-
ergy with cold dark matter) model is successful in describ-
ing our universe on large scales (Bahcall 1984). But it faces
challenges from results obtained from observations on small
scales that investigate into the innermost regions of dark
matter halos. The predictions of ΛCDM on galaxy scales
disagree with observed properties of galaxies. From this
point of view, the warm dark matter is an acceptable dark
matter model which can solve the small scale controversies
though on large scales it bears resemblance with cold dark
matter model. Interestingly enough, the keV scale sterile
neutrinos are believed to contribute to warm dark matter par-
ticles (Kumar and Xu 2014). Because the only known non-
baryonic particle was neutrinos, thus it is natural that neu-
trinos were considered as dark matter particle candidates, as
controversies with observational data can be solved if non-
baryonic elementary particles, such as massive neutrinos are
taken as candidates for forming dark matter (Einasto 2013).

Similarly there is high possibility of the energy produced
from neutrinos to contribute to dark energy. In neutrino os-
cillations the three types of neutrinos, namely, electron neu-
trino, muon neutrino and tau neutrino continuously change
their form from one to another. It is amazing that about
60 billion neutrinos pass through every square centimeter
of our body in every second, and they are neither seen nor
felt. Our universe is abundant with neutrinos which have
mass and produce huge amount of energy. Taking an exam-
ple, during the supernova explosion seen on 23rd February

1987 the energy released was 3 × 1053 ergs, out of which
two-third of the energy was carried by neutrinos and roughly
the remaining one- third by the anti-neutrinos that were pro-
duced during the event of explosion. In that supernova ex-
plosion the total number of neutrinos produced are estimated
to be 1058. Neutrinos hardly interact with any other matter.
Since they have no charge and are very small in size they
can pass from one side of the earth to another side very eas-
ily and it is very difficult to detect them. Trillions of them
pass through our body in a day. Thus neutrinos must be
pressure less and even might have negative pressure as in
the case of dark energy. Moreover as in the case of the dark
energy model universe we are studying now, dark energy
can oscillate or change its form from one form to another,
namely in this model, from modified Chaplygin gas form to
quintessence form, then again to phantom form of dark en-
ergy, and vice versa according to the oscillation theory we
have introduced in one of our papers (Manihar et al. 2015b).
Thus from these characteristics and behaviors of neutrinos
and dark energy it is believed that there is possibility for
the energy produced from neutrinos to contribute to the total
dark energy prevailing in this universe in the same way as
neutrinos are believed to account for warm dark matter.

2 A model universe with different manifestations
of dark energy

Let us consider the metric

ds2 = dt2 − a2(t)
[
dr2 + r2dθ2 + r2 sin2 θdφ2] (1)

with energy momentum tensor

Tij = ρuiuj + p(uiuj − gij ) (2)

where p is the fluid pressure, ρ the fluid density, ui the four
flow vector satisfying the relation

giju
iuj = 1 (3)

Then the Einstein’s field equations

Rij − 1

2
gijR = −8πGTij (4)

give

8πGp = −2
ä

a
− ȧ2

a2
(5)

and

8πGρ = 3
ȧ2

a2
(6)
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The equation of state for generalized Chaplygin gas may be
taken as

p = − A

ρ
1
z

(7)

where 1 ≤ z < ∞. On the other hand the equation of state
for the barotropic fluid is

p = ωρ (8)

with ω < −1. Thus from (7) and (8) we have

ω = − A

ρ
z+1
z

(9)

Again making use of the hydrodynamic equation

ρ̇ = −3
ȧ

a
(ρ + p) (10)

in Eq. (7) we get

ρ̇ = −3
ȧ

a

(
ρ − A

ρ
1
z

)
(11)

Integrating it we obtain

ρ
1+z
z = A + (

ρp

1+z
z − A

)[ap

a

] 3(1+z)
z

(12)

where ρp and ap are the values of ρ and a at present time tp .
From (9) we have

A = −ωpρ
1+z
z

p (13)

where ωp = ω(tp), tp being the present time. Now (12) and
(13) give

ρ = ρp

[
−ωp + (1 + ωp)

(
ap

a

) 3(1+z)
z

] z
1+z

(14)

In the homogeneous model of the universe, we have

p = 1

2
φ̇2 − V (φ) (15)

and

ρ = 1

2
φ̇2 + V (φ) (16)

where V (φ) is the potential of the scalar field φ(t). From
(15), (7) and (13) we have

φ̇2 = 2
ωpρ

1+z
z

p

ρ
1
z

+ 2V (φ) (17)

Now using (16) in (17) we get

φ̇2 = ρ
1+z
z + ρ

1+z
z

p ωp

ρ
1
z

(18)

Then (14) and (18) give

φ̇2 = (1 + ωp)ρp(
ap

a
)

3(1+z)
z

[−ωp + (1 + ωp)(
ap

a
)

3(1+z)
z ] 1

1+z

(19)

For ωp > −1 we see that φ̇2 > 0 which gives positive kinetic
energy. Thus in this case the form of the dark energy will be
quintessence. And for ωp < −1 we see that φ̇2 < 0, in which
case the kinetic energy is negative; thereby the form of dark
energy in this case will be phantom.

Thus the scalar field we have taken manifests the three
different forms of dark energy, namely, generalized Chaply-
gin gas, quintessence and phantom energy. In the case of this
dark energy fluid, the Einstein-Friedmann equation gives

(
ȧ

a

)2

= 8πG

3
ρ (20)

i.e.

(
ȧ

a

)2

= 8πGρ
(c)
p Ωp

3

[
−ωp + (1 + ωp)

(
ap

a

) 3(1+z)
z

] z
1+z

(21)

where |ωp| > 1 and

Ωp = ρp

ρ
(c)
p

(22)

with

ρ(c)
p = 3H 2

p

8πG
(23)

Thus (21) can be written as

ȧ

a
= HpΩ

1
2
p

[
|ωp| + (1 − |ωp|)

(
ap

a

) 3(1+z)
z

] z
2(1+z)

(24)

where Hp is the present value of the Hubble’s constant given
by

H 2
p = 8πG

3
ρ(c)

p (25)

where ρ
(c)
p is the critical energy density. Now expanding

(24) up to the second term we get

ȧ

a
≈ HpΩ

1
2
p |ωp| z

2(1+z)

[
1 + z(1 − |ωp|)

2(1 + z)|ωp|
(

ap

a

) 3(1+z)
z

]
(26)
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Integrating (26) we get

a(t) = ap

[2(1 + z)|ωp|] z
3(1+z)

× [(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)] z
3(1+z) (27)

Thus from (14) we obtain

ρ = ρp

[−ωp + 2(1 + z)(1 + ωp)|ωp|{(z + 2(1 + z)|ωp|)

× e6Hp(t−tp)
√

Ωp |ωp |
z

2(1+z) − z(1 − |ωp|)}−1] z
(1+z)

(28)

And from (7) and (13) we have

p = −ωpρ
1+z
z

p

[
ωp − 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] −1
(1+z) (29)

Volume V is given by

V = a3
p

[2(1 + z)|ωp|] z
1+z

[(
z + 2(1 + z)|ωp|)

× e6Hp(t−tp)
√

Ωp |ωp |
z

2(1+z) − z(1 − |ωp|)] z
(1+z) (30)

Hubble parameter H is given by

H =
(

8πG

3

) 1
2

ρ
1
2
p

[−ωp + 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] z
2(1+z) (31)

Shear scalar σ = 0 and anisotropic parameter � = 0. Hub-
ble’s directional parameters are Hx = Hy = Hz, where

Hx =
(

8πG

3

) 1
2

ρ
1
2
p

[−ωp + 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] z
2(1+z) (32)

The scalar of expansion is given by

Θ = 3

(
8πG

3

) 1
2

ρ
1
2
p

[−ωp + 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] z
2(1+z) (33)

The deceleration parameter q is obtained as

q = −1 − 6

(
8πG

3

)−1
2

ρ
−3
2

p

[−ωp + 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] −3z
2(1+z)

[−ωp + 2(1 + z)(1 + ωp)|ωp|

× {(
z + 2(1 + z)|ωp|)e6Hp(t−tp)

√
Ωp |ωp |

z
2(1+z)

− z(1 − |ωp|)}−1] z
(1+z)

−1

× (1 + ωp)|ωp|z(z + 2(1 + z)|ωp|)

× e6Hp(t−tp)
√

Ωp |ωp |
z

2(1+z) Hp |ωp |
z

2(1+z)
√

Ωp (34)

3 Interpretations and conclusion

Here the volume and the scale factor of the universe are
found to increase rapidly with time thus complying with the
accelerated expansion of the universe. As also the pressure
is negative here it helps in the accelerated expansion of this
universe, because a negative pressure stimulates a repulsive
gravity and inflates the universe by overwhelming the usual
gravitational effects of matter.

In this model, the directional Hubble parameters, aniso-
tropy parameter and shear tensor come out to be constants.
Here the equation of state is found to be negative, but a de-
creasing function of time. Thus our universe starts first as
a universe containing the dark energy in the form of mod-
ified Chaplygin gas, then the dark energy taking the form
of quintessence, and finally our model becoming a universe
filled with dark energy in the form of phantom energy. At
time ts given by

[
z + 2(1 + z)|ω0|

]
e6H0|ω0|

z(ts−t0)
√

Ω0
2(1+z) = z(1 − |ω0|)

z
3(1+z)

there is a singularity or bounce, perhaps which is an instant
of changing from one form of dark energy to another form
of dark energy. At other times there is accelerated expansion
as at tends to ∞ as t → ∞. At very large time the energy
density of this universe is negative which implies from (16)
that the kinetic energy is negative for the scalar field, show-
ing that the universe contains, at this stage, phantom type of
dark energy.

Here the scalar expansion θ is found to be an increas-
ing function of time which agrees with the accelerated ex-
pansion of the universe. On the other hand the pressure and
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density of this model are found to have finite values at infi-
nite time. As also the anisotropic parameter of this universe
is found to be zero, we see that our model is an isotropic
one.

Moreover from the isotropic behavior of ρ of the model
universe we have obtained here, we can conclude as fol-
lows. In the early universe, that is, when a ≤ 1, we find that
ρ ≈ (1 + ω0)a

3(1+β)

0 a−3 and in the late universe, that is,

when a > 1, we find that ρ ≈ (−ω0)
1

1+β . These results im-
ply that in the early universe, the energy density behaves as
ρ ≈ a−3 which is the same as in the case of non-relativistic
matter such as dark matter. And in the case of the late uni-
verse the energy density behaves in the form ρ → (−ω0)

1
1+β

showing that the energy density tends to a constant which
means that it can play the role of dark energy. Here the gen-
eralized Chaplygin gas model can explain the origin of dark
energy as well as dark matter simultaneously, the forming of
dark matter preceding the forming of dark energy. Moreover
from our study we see the possibility of the existence of a
fluid, in our universe, which is originally in the form of gen-
eralized Chaplygin gas and later on behave as quintessence
and then as the phantom form of dark energy. Thus we can
conclude that dark energy and, of course, the dark matter
are there in our universe from the beginning of its evolu-
tion till the pseudo big crunch manifesting in one form or
the other. On the other hand, neutrinos change their forms,
namely electron neutrino, muon neutrino and tau neutrino,
from one to another frequently. Their properties are not yet
all explored. But who knows there might have been neutri-
nos which have negative pressure as we know that though
millions of neutrinos pass through our body every second
we never feel them! Taking into account the known prop-
erties of the neutrinos we see the similarity of them with
the dark energy contained in the universe we have studied
above. Thus we are instigated to think whether the energy
due to the neutrinos contribute to dark energy. If it is so there
is high hope for finding out the exact behavior, property and
characteristics of dark energy.
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