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Abstract. Phantom energy dominated final stages of the universe is analyzed
with the conformal cyclic scenario. Quantum cosmological implementation on
conformal cyclic cosmology is attempted in this work. The conformal emergence
of the quantum cosmological scenario is discussed. It is shown that the classical
universe will not be completely ripped off at phantom dominated final stages.
Further extension of evolution through conformal cyclic evolution is predicted.
This article is intended to connect loop quantum formalism with conformal cyclic
cosmological formalism.

Key words: loop quantum gravity, conformal cyclic cosmology, phantom
energy, loop quantum gravity, big rip cosmology.

Introduction

Despite numerous success by general relativity on large scales, to understand the
smaller structure of spacetime, a theory of quantum gravity is required. The loop quantum
gravity is an attempt at non-perturbative and background independent formulation of general
relativity.

The quantum gravity approaches are required to understand the initial conditions of the
universe, where classical evolutions break down at the initial singularity. As the backward
evolution of the current universe ends with inevitable classical singularity, there requires
a meaningful quantum theory of cosmological evolution to understand the whole picture
without violating the known laws of physics. The loop quantum evolution in terms of dif-
ference equations for a wave function permits the extension of quantum spacetime beyond
the classical singularities. An updated review on loop quantum gravity can be found in [3].
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During the evolution of the universe, any classical singularities are resolved and
avoided, with the solutions provided loop quantum gravity formalism [4]. The loop quantum
gravity formalism provides a model to understand the earlier stages of the universe. Some
other attempts to resolve the classical singularities can be found in the literature [8; 10].

Expansion of the universe is defined by the Raychaudhuri equations. The Raychaudhuri
equations also explain the curvature effects of the future singularities. At the quantum
spacetime level, the formation of singularity is avoided by modified Raychaudhuri equa-
tions [6].

The phantom dominated final stages of the universe is predicted to extend its evolution
conformally into the higher dimension is presented in [12]. The present work aims to un-
derstand the role of dark matter and dark energy interaction in the present universe with
3+1 dimensions.

The dynamics of K-essence and the effect of LQG in the earlier stages of the universe
is studied and its consistency with the FRW equation is reported in [19].

The Raychaudhuri equations connect the rate of change of area with geodesic congru-
ence, which has connections with shear and rotations of geodesic congruence. By analysing
Raychaudhuri equations one can understand the avoidance of future singularities in some
special cases as well.

The evolution of the universe is premiered by various cosmological models. In addition
to success, every cosmological model has its limitations too. Among them, the big bang
model stands high on the mountain. To resolve the flaws of the big bang model the conformal
cyclic cosmological model introduces new paradigms [24]. With the implementation of such
a model, the late time scenario of the universe is discussed in this work. On conformal
cyclic cosmology, the Poincare-Einstein type of approach is discussed in [16]. The authors
showed that the single spherical wave from the previous aeon in the new aeon split into three
portions of radiation. To predict the existence of the conformal evolution of the universe,
the circles in the cosmic microwave background is observed [15]. Those circles could be
formed by the interaction between the last scattering surface and the gravitational waves
emitted from the pre-big bang phase.

Fusing the phantom dominated quantum universe with the conformal cyclic universe
scenario provides many surprising results. Datasets of masses of the black hole and star-
forming regions are discussed for the conformal evolution of the universe to understood the
dark matted dominated evolution. Similarly for various values of equations of the state and
the evolution of the scale factor is also reported.

Those datasets are visualized and reported with the availability IllustrisTNG
data [14; 27]. With the help of IllustrisTNG data, large scale universe scenario and the
gravo-magneto hydrodynamical solution within the universe are understood with simula-
tions. These datasets have three various simulation sets, namely TNG10, TNG100 and
TNG300. They indicate the rough cubic volumes of the stated magnitudes. The Illustris
database has great advantages. Recently the Illustris simulation is used for estimation of
the galaxy quenching rate [29].

From Illustris data sets galaxies with distant cores are analysed [7]. The kinematic
behaviour of cores of the galaxies is reported.

Beyond the critical density the accelerated expansion is predicted as a consqeuence of
cosmological cosntant.

In section 1 various rip off time is reported. In section 2 the role of phantom energy
dominance and big rip is discussed. The conformal cyclic cosmology is embedded with
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phantom energy domination is also discussed. Section 3 elaborates the big rip resolution
for the conformal cyclic evolution. The scale factor resolution is carried out for the final
stages of the quantum universe. The present work attempts to connect the evolution cycles
of the universe beyond both the big bang and big rip using conformal cyclic cosmology. To
verify the paradigm, the dark energy dominance and the possible big rip is analysed with
cosmological data sets. From the Illustrs datasets, the non-interaction of dark matter and
dark energy is represented. And as a consequence of such a result, a possible future big rip
avoidance is predicted.

1. Dark energy dominance and big rip

Standard cosmology suggests that the universe without the presence of dark energy,
in an expanding phase, its matter content will get liquified and its space gets expanded as
the universe grows in size. The density of the universe approaches towards the lower levels.
After a certain density is reached the universe stops its expansion too. Hence its expansion
phase will be followed by a contraction phase. The critical density stated here is the least
possible density of the universe. At the end of that contracting phase, the universe will
end with a big crunch. Even though the cosmological constant is smaller than the expected
value from quantum gravity, the term has been added in the Einstein field equations. When
cosmological constant Λ with the equation of state 𝑤 = −1 comes into play the scenario
provides interesting results. The cosmological constant looks like a constant as the universe
expands. Physicists don’t yet resolve the conflict between the theoretical and experimental
values of the cosmological constant.

The cosmological constant (sometimes mimicked as dark energy) usually works against
gravity. In addition to the cosmological constant there exist another variation of it in terms
of lower values of the equation of state (𝑤 < −1). Those energies are called phantom energy.
Our universe consists of 4% Baryons 20% dark matter and remaining 76% as the form of
dark energy. From standard cosmological model the accelleration equation is understood as

�̈�

𝑅
= −4π𝐺

3
(ρ+ 3𝑝). (1)

The sign of equation 1 determines the nature of the expansion of the universe. Dark
energy is described as a cause for the accelerated expansion of the universe. In general, the
dark energy emits no light and it has large negative pressure

𝑝𝑥 ∼ −ρ𝑥. (2)

Understanding the behaviour of dark energy density can be a key to understand the
final stages of the universe [25]. Eternal expansion takes place in the universe with flat
and open models and they face future collapses. If the dark energy decayed with time, then,
expansion of the flat universe would slow down. In the cosmological scales, in addition to
dark energy, another version namely the phantom energy is also available [5].

On the other hand, the phantom energy has the equation of state parameter as 𝑤 < −1.
The phantom energy let the galaxies be ripped off in the latter times of evolution. Without
the presence of any dark energy, the universe will only be dominated by gravitational force,
which will lead to a gravitational collapse. Within the limit −1 ≤ 𝑤 ≤ −1

3
the galaxies will

remain in gravitational bound, despite of growth of the scale factor [23]. From the FRW
equations, the dark energy dominance can be found as,
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𝐻2 =

(︂
�̇�

𝑎

)︂2

= 𝐻2
0 [
Ω𝑚

𝑎3
+ (1− Ω𝑚)𝑎

−3(1+ω)]. (3)

For 𝑤 < −1 the universe will accumulate more dark energy during the future evolution.
By the dominance of phantom energy, the universe will be ripped off by diverging the scale
factor within the time scales,

𝑡𝑟𝑖𝑝 − 𝑡0 ∼
2

3
(1 +ω)−1𝐻−1

0 (1− Ω𝑚)
−1
2 . (4)

Here in equation 4, 𝑡0 is current time of the universe. With current values 𝑤 = −3
2

and 𝐻0 = 70𝐾𝑚/𝑠𝑒𝑐/𝑀𝑃𝑐, the big rip will approach at ∼ 22 𝐺𝑦𝑟 from now [11]. During
the big rip planets with radius R which revolves around a host star of mass M will be ripped
off, while the mass becomes

𝑀 = −4π

3
(ρ+ 3𝑝)𝑅3. (5)

If the mass of the planet satisfies, −4π
3
(ρ + 3𝑝)𝑅3 < 𝑀 the planet will remain in the

gravitational potential without any perturbations. The gravitational bounded system will be
ripped off at the time

𝑡 ∼ 𝑝

√︀
2|1 + 3ω|

6π(1 +ω)
. (6)

That rip off time will be independent of 𝐻0 and ΩΛ. During the event of the big rip, the
galactic clusters will be torn off before the end of the universe. In general, the Andromeda
galaxy is predicted to collide with our galaxy Milky Way. But 35 Gyr before the big rip,
the Andromeda galaxy will be ripped off. Hence the collision between Andromeda and
Milkyway will be avoided. Within a million years before the big rip, the local galaxies will
be ripped off. Just months before the big rip atoms and nuclei will be ripped apart. The
final stages of the universe will remain as plasma. The physical universe will not face the
big rip as the matter content will be completely ripped off just before the big rip.

The non-interactions between dark matter and dark energy in the late time universe
may consequence the avoidance of future big rip even in the presence of dark energy [13].
As an aeon avoid the big rip singularity, it continues towards the beginning of consecutive
aeon. (Every cycle of the conformal cyclic cosmological model is reprecented as aeon [17])
The dark matter in the high energy scales may provide the possible consequence of graceful
exit to the future aeon. To understand the non-interaction between dark matter and dark
energy, analysis of large scale dark matter is required.

The ratio between black hole mass to the dark matter content of the universe in large
scales are obtained from the IllustrisTNG data [28], with dark matter function

𝑓𝑑𝑚 =
𝑀𝑑𝑚

𝑀𝑡𝑜𝑡

, (7)

where 𝑀𝑑𝑚 is mass of dark matter and 𝑀𝑡𝑜𝑡 is total mass. 𝑓𝑑𝑚 is measured in the entire
subhalo. The large scale dark matter provides a glimpse of its density and invariance in
expansion. This indirectly predicts the avoidance of future big rip. Some behaviour of dark
matter in large scales from IllustrisTNG data sets are reported in the discussion section of
the current work. The ideas defined in the above sections are implemented in the conformal
cyclic model in the next section.
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2. Phantom dominance and conformal evolution

To calculate the evolution of the phantom dominated quantum universe the modified
Raychaudhuri equation from loop quantum cosmology is implemented. It is written as [21]

�̈�

𝑎
= −4π𝐺ρ

3

(︂
1− 4ρ

ρ𝑐𝑟𝑖𝑡

)︂
− 4π𝐺𝑃

(︂
1− 2ρ

ρ𝑐𝑟𝑖𝑡

)︂
. (8)

As the equation of state connects pressure and density as (𝑤 = 𝑝
ρ
), then the equation

8 is modified as

�̈�

𝑎
= −4π𝐺ρ

3

(︂(︂
1− 4ρ

ρ𝑐𝑟𝑖𝑡

)︂
+ 3𝑤

(︂
1− 2ρ

ρ𝑐𝑟𝑖𝑡

)︂)︂
. (9)

For the values, 𝑤 < −1 the universe will be dominated with phantom energy and
behave violently. For the case phantom dominated evolution, the equation of state is set to
𝑤 = −8

3
, hence the equation 8 becomes

�̈�

𝑎
=

4π𝐺ρ

3

(︂
7 +

20ρ

ρ𝑐𝑟𝑖𝑡

)︂
. (10)

Note the positivity of the equation 10, which turns to be a repulsive solution against
the gravitational collapse of the universe. Hence the universe undergoes an accelerated
expansion. Also, the universe will be repelled more rapidly and violently than dark energy
can do. Further negative values of the equation of states the quantum universe behave
exponential expansion scenario. But the quantum tensions will not allow the ever-expanding
scenario. As the energy density approaches the critical densities which are obtained by
loop quantum predictions (ρ ∼ ρ𝑐𝑟𝑖𝑡 with ρ𝑐𝑟𝑖𝑡 ∼ 0.41ρ𝑝𝑙), the universe would behave with
a different perspective. The expanding scenario will stop at the densities near the critical
density. Hence the sign changes as

�̈�

𝑎
= 36π𝐺ρ𝑐𝑟𝑖𝑡. (11)

The positivity in sign in equation 11 means, the existence of rapid expansion solutions
beyond the bounce in the the conformal evolution. Hence the universe will start to expand
rapidly soon after the bounce. It also confirms the consmological constant dominance over
the inflation scenario in conformal cyclic evoution.

The phantom dominated divergence of the universe is set to have maximum limits.
The values of the modified Raychaudhuri equation claims to have in the order of numerators
of the equation of state. As the values of the equation of state lowest possible values, the
universe bounces off rapidly while the energy density approaches the critical values. Further
expansion in new aeon will be at a greater rate than the previous big bang kind of expansion.
Due to the transition from Raychaudhuri solutions, it has been confirmed that the conformal
evolution will not end by facing the big rip. Rather the evolution will continue beyond the
big rip.

From the phantom evolution beyond the singularity, one can obtain the conformal
mapping between two aeons. The 2 surfaces between two successive aeons are obtained by
the quantum gravitational effects offered by the phantom dominance from the previous aeon.

An aeon topologically exits into future aeon by crossing the big rip singularity (see
fig. 1). As every possible singular universe conformally expands into future aeons, the
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phantom dominated big rip quantum universe without facing an ever-expanding scenario.
The presence of phantom dominance let the fiducial cells to be dominated with cosmological
constant over the inflaton potential, and let them to expand rapidly. In a conformal phantom
dominated universe the final stages of the aeon must come across the big rip singularity for
the conformal evolution. To do so, a big rip resolution has to be done.

Fig. 1. Evolution of Aeons beyond big rip singularity

3. Big rip resolution

The big rip is caused by the phantom energy. The scale factor of the universe is filled
with phantom energy is written as [1]

𝑎(𝑡) = 𝑎*(𝑡− 𝑡𝑏𝑟)
−2

3(|𝑤|−1) . (12)

Here 𝑎* is the integration constant, which is expressed as

𝑎* = 𝑎0

[︂
3𝐶(|𝑤| − 1)

2

]︂ −2
3(|𝑤|−1)

(13)

and

𝐶 =

(︂
𝑘ρ0
3

)︂ 1
2

, (14)

𝑘 = 8π𝐺. (15)

The big rip occurs when the time approaches
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𝑡𝑏𝑟 = 𝑡0 +
−2

3𝐶(|𝑤| − 1)
> 0. (16)

To avoid the future big rip the scale factor resolution should be considered. To do so
the scale factor is replaced with a modified version of it which is obtained from our previous
result as [20]

𝑎 =

(︂
3

4
ρ𝑐𝑡

2

)︂ 1
3
[︂
1 + tan2

[︂
(
3

4
ρ𝑐𝑡

2 + 1)
1
3

]︂
3𝑉0

2𝑀2
𝑃

(𝑡− 𝑡𝑏𝑟)
2

]︂
. (17)

Hence the universe can avoid the future big rip with the values of the scale factor
obtained from equation 17. From equation 16 the value of the time to rip off is obtained as

(𝑡− 𝑡𝑏𝑟)
2 =

1

6π𝐺(|𝑤| − 1)2
. (18)

Equation 18 is placed in equation 17 and the modified scale factor for the big rip
avoidance is found as

𝑎 =

(︂
3

4
ρ𝑐𝑡

2

)︂ 1
3

[︂
1 + tan2

[︂
(
3

4
ρ𝑐𝑡

2 + 1)
1
3

]︂
𝑉0

2𝑀2
𝑃

1

2π𝐺(|𝑤| − 1)2

]︂
.

(19)

The bounce occurs with this scale factor and conformal continuation of the aeon is
found plausible. The universe beyond the big rip resolution acts like disconnected quantum
regions. Hence it resembles the Planck scale singularity.

As like equation 9 the equation of state 𝑤 = −8
3

is implememnted in equation 19.

𝑎 =

(︂
3

4
ρ𝑐𝑡

2

)︂ 1
3
[︂
1 + tan2

[︂
(
3

4
ρ𝑐𝑡

2 + 1)
1
3

]︂
9 𝑉0

100π𝐺𝑀2
𝑃

]︂
. (20)

The bouncing scale factor from equation 20 is introduced with the Ekpyrotic universe
scenareo [22]. The bouncing poterntial is calculated as 𝑉0 = 0. Hence the equation 20 is
modified as

𝑎 =

(︂
3

4
ρ𝑐𝑟𝑖𝑡𝑡

2

)︂ 1
3

. (21)

At a very later time from the big bang, the universe approaches the time in larger mag-
nitudes. The big rip will occur at ∼ 35𝐺𝑦𝑟 [5]. Hence the bouncing scale factor becomes
very large for the post big rip conformal evolution of the universe. But such a universe
will extend into another brane as suggested by the Ekpyrotic universe and conformal cyclic
scenario.

As the density of phantom energy reaches the Planck scales the expansion will be at a
maximal rate. At this level, the universe behaves as quantum patched island universes. As
far as concerned the event horizon of the island universe will shrink as the phantom effect
dominates. Hence the event horizon of the universe will also shrink to patch sized discrete
universes. Then the comoving radius of the universe will be in the Planck scales
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𝑅𝑢 ∼ Δ𝑙𝑝𝑙. (22)

The phantom dominated quantum universe behaves as discrete Planck scaled quantum
patches at its later stages. That singularity can be mapped to the initial singularity of
the next aeon. Even beyond the density increases, the phantom potential will behave as
gravitational potential, and the universe will continue its evolution as per the standard
cosmology. Hence it is observed as, the phantom energy behaves like φ𝑝ℎ𝑎𝑛 → φ𝑒𝑓𝑓 while
ρ→ ρ𝑐𝑟𝑖𝑡.

As the quantum effects dominate each quantum universe the quantum cosmology sce-
nario can be applied to every fiducial cell of the island universes. As the cosmological
horizon shrinks the flatness of the individual fiducial cell disappears and the quantum cur-
vature starts to emerge.

4. Discussion

As the phantom energy density reaches the scales of critical energy density, the mod-
ified Raychaudhuri equation changes its sign which is conformed in equation 11. The clas-
sically impossible evolution beyond the big rip is made plausible by loop quantum corrections
on conformal cyclic cosmology. The quantum bounce beyond the big rip is obtained in equa-
tion 19. At the time of the big rip, the quantum scale factor let the evolution behave
gravitationally and let the future conformal evolution will be kicked off. The cosmological
constant and expansion of the universe in quantum gravitational aspects are discussed in
the equation earlier.

The big rip bound quantum universe may tunnel into future aeon as like quantum
tunnelling universe [26]. The formation of a future aeon will be initiated once the universe
bypasses the singularity.

Various datasets on various confrontations of the calculated and the results are ana-
lyzed. For the case of phantom energy 𝑤 < −1 the violent scenario on the cosmological
parameters are understood by studying its effects on scale factors and density parameters.
For 𝑤 = −2.66 and 𝑤 = −10 the scale factor to density ratios are predicted in the figure 3.

At various values of 𝑤, the ratio between the relative density to the scale factor comes
to unity. As 𝑤 = −10, the curve seems to be flat after 0.9ρ𝑐𝑟𝑖𝑡. Unlike the gradual increment
of scale factor over 𝑤 has lesser values than 𝑤 = −10, the increment of the rapid scale factor
is found.

The lensing power spectrum [9] for various phantom energy scenareo are analyzed and
plotted. The plot is obtained form 𝐿 vs 𝐿𝑓 values. With 𝐿𝑓 = [𝐿(𝐿+ 1)]2𝐶φφ

𝐿 /2π.
For various equation of states from 𝑤 = −1.9 to 𝑤 = −0.6 the lensing power spectrum

is reported in figure 5 The slope shows the gradual approach towards the maximum, by the
values between 10 to 102 for 𝐿 values. The curve shows distinguished lines.

A black hole in the conformal universe is considered as the seeds that form the exis-
tence of the dark matter in the next aeon. Such black hole remnants from previous aeons
are called erebons [18]. In the phantom dominated conformal evolution, the role of future
erebons can be discussed with dark matter-dominated black hole datasets from TNG300. In
the expanding universe, the formation of the stars looks the as far history of future aeons.
From the EiBI model, it is also understood that the interaction between dark energy and dark
matter would contribute to the avoidance of big rip scenario [13]. To study star formation
in the dark energy dominated large-scaled universe is reported in figure 4.
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Fig. 2. Effect of equation of state on the densty parameters of the expanding universe for
𝑤 = −2.66 and 𝑤 = −10 is shown. Here 𝑤 = −10 is shown as dashed curve

Fig. 3. Lensing power spectrum for various equation of states

In image 4 the mass of the black hole and star formation rates are plotted. The
star formation with a higher number of galaxies can be found in the mid-horizontal best-fit
regions. The formation rate varies from −1 to 2 and beyond. In the 𝑋 axis for the core black
hole masses from 6[log (𝑀⊙)], is taken for the plot. Around the black hole, mass ranges
6.25[log(𝑀⊙)] the formation rate seems discrete. After 6.4[log (𝑀⊙)] the star formation rate
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Fig. 4. Star forming rate in large scale universe with the consequence of dark matter
is shown in the figure

increases gradually. After 6.75[log (𝑀⊙)] the concentrative star formation rates look denser.
The number of galaxies also look high. More star formation regions are concentrated on
the galaxies with black hole masses greater than 6.75[log (𝑀⊙)]. From the basis of the
same data, the concentration of supermassive black holes in the galaxies can be predicted.
It is also understood that the future aeon might exhibit the Hawking points as predicted
in [2], which could be a consequence of SMBH remnants of the previous aeon. The dark
matter mass function is related to the mass of black holes (from equation 7) in a large scale
structure is reported in figure 5.

Figure 5 provides the data that includes the black hole masses of the galaxies and
densities of galaxies. The best fit of this data seems flat and evolves unperturbed throughout
the spread. Initially around 6.1[log (𝑀⊙)] there exist a spike in the dark matter mass
function. But the concentration of galaxies exists within the best fit data with 𝑓𝐷𝑀 ∼ 0.9.
Between 6.2[log (𝑀⊙)]&6.4[log (𝑀⊙)] there exist a gab among the densities of galaxies.
Further increment of black hole masses shows the increment of galactic densities with 𝑓𝐷𝑀

values 0.8 to 1.0. In the same plot some concentration of galaxies exist between the 𝑓𝐷𝑀

values 0.2 to 0.4. Similarly some galaxies exist in 𝑓𝐷𝑀 values of 1.0. Apart from the
extrema, the data fits immersively within 𝑓𝐷𝑀 values 0.7 to 0.9. The dark matter mass
function and density of galaxies will be perturbed by the presence of phantom energy and
the interaction between dark matter and dark energy. This perturbation leads the classical
universe to conformally exit into the cyclic universe.

The quantum gravitational results conform that, the universe approaches non zero
minimum volume which is predicted by the loop quantum cosmology. It is analyzed that,
the classical universe will not be completely ripped off at the phantom final stages. From
the plots, one can understand that the phantom dominated universe, will leap towards future
conformal evolution cycles of the universe, as the consequence of the increment of phantom
energy density. Thus the universe will not stop its evolution by approaching the big rip.
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Similarly one can find that the universe might have evolved from the non-singular bounce.
The evolution will extend to future cycles of the cyclic cosmological scenarios. It has been
predicted that the perturbation of dark matter mass function and densities of galaxies by the
presence of dark energy in the large scales using Illustris data. As a result, the conformal
evolution of the universe avoidance of the big rip and loop quantum cosmological solutions
are discussed to exist. This result can be considered as a support for the validation of
conformal cyclic cosmology.

Fig. 5. Mass function and Black hole variation is shown in the figure

Conclusion

From the obtained results one could understand the possible existence of a conformal
cyclic cosmological model with the presence of phantom energy and with the backend sup-
port of loop quantum cosmological model. Its also known that the quantum cosmological
evolution in the phantom dominated final stages of the universe can extend even beyond the
big rip singularity. The quantum structure of spacetime and its consequence on quantum
cosmology led the conformal cyclic evolution to be consistent in all possible cosmological
model. Large scale bounce is predicted in equation 21 suggested the conformal evolution
and Ekpyrotic scenario.

With the presence of various simulations, the scale factor’s evolution concerning the
increment of phantom energy can be understood from the current work. Even though the
scale factor, energy density and pressure diverges during the big rip, there exists a possibility
to trigger the quantum evolution of the future conformal universe. In general, the big rip
singularity is predicted as, the singularity which cannot be avoided by the universe in its
future. Also, it is considered as an endpoint of the evolution of the universe. But the
calculations presented here confirm the avoidance of future big rip singularity, using loop
quantum cosmological formalism. It is also suggested that the initial stages of the universe
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might consist of unaltered quantum cosmological theories.
Its also understood that the phantom energy could be in the dominant form in the

transition phase of the conformal evolution of the universe. The current universe copes with
a positive cosmological constant (DeSitter universe). If the cosmological constant tends to
have negative values after the quantum bounce, the universe may behave like AdS like
the universe. Hence the solutions presented here, it is derived that the bounce scenario
from phantom dominated solutions could initiate AdS like quantum universe scenario. It is
because of the bouncing nature of the universe with the presence of phantom energy which
changes its sign from positive to negative.

The changes in sign of the accelerated expansion act like a critical point, beyond that
the universe faces deceleration.

By resolving singularities via quantum mechanical treatment, the big rip singularity
will also lose its strength. The big rip singularity is a strong singularity from where the
space-time evolution can not be extended further. But the big rip singularity is resolved into
the week (typeII) singularity by loop quantum gravity. Hence the conformal cyclic evolution
of the universe will be extended to the next aeon.
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7. Ebrová I., Lokas E.L., Eliášek J. Galaxies with Kinematically Distinct Cores in Illustris.
Astronomy & Astrophysics, 2021, vol. 647, article ID: A103.

8. Khoury J., Ovrut B.A., Steinhardt P.J., Turok N. Ekpyrotic Universe: Colliding Branes
and the Origin of the Hot Big Bang. Physical Review D, 2001, vol. 64, no. 12, article ID:
123522.

9. Limber D.N. The Analysis of Counts of the Extragalactic Nebulae in Terms of a
Fluctuating Density Field. The Astrophysical Journal, 1953, vol. 117, pp. 134-144. DOI:
https://doi.org/10.1086/145672.

10. Maartens R., Koyama K. Brane-World Gravity. Living Reviews in Relativity, 2010,
vol. 13, no. 1, article ID: 5. DOI: https://doi.org/10.12942/lrr-2004-7.

11. McInnes B. The dS/CFT Correspondence and the Big Smash. Journal of High
Energy Physics, 2002, vol. 2002, no. 08, article ID: 029. DOI: https://doi.org/10.1088/1126-
6708/2002/08/029.

12. Natarajan S., Chandramohan R. Conformal Evolution of Phantom Dominated Final
Stages of the Universe in Higher Dimensions. Canadian Journal of Physics, 2021, vol. 99,
no. 1, pp. 1-9. DOI: https://doi.org/10.1139/cjp-2019-0626.

80 S. Natarajan. Conformal Cyclic Phantom Energy Dominated Cosmological Scenario



ФИЗИКА И АСТРОНОМИЯ

13. Natarajan S., Chandramohan R., Swaminathan R. Conformal Cyclic Evolution of
Phantom Energy Dominated Universe. Revista Mexicana de Fı́sica, 2020, vol. 66, no. 2,
pp. 209-223. DOI: https://doi.org/10.31349/RevMexFis.66.209.

14. Nelson D., Pillepich A., Genel S., Vogelsberger M., Springel V., Torrey P., Rodriguez-
Gomez V., Sijacki D., Snyder G.F., Griffen B., Marinacci F., Blecha L., Sales L., Xu D.,
Hernquist L. The Illustris Simulation: Public Data Release. Astronomy and Computing, 2015,
vol. 13, pp. 12-37. DOI: https://doi.org/10.1016/j.ascom.2015.09.003.

15. Nelson W., Wilson-Ewing E. Pre-Big-Bang Cosmology and Circles in the Cosmic
Microwave Background. Physical Review D, 2011, vol. 84, no. 4, article ID: 043508.

16. Nurowski P. Poincare–Einstein Approach to Penrose’s Conformal Cyclic Cosmology.
Classical and Quantum Gravity, 2021, vol. 38, no. 14, article ID: 145004. DOI:
https://doi.org/10.1088/1361-6382/ac0237.

17. Penrose R. The Basic Ideas of Conformal Cyclic Cosmology. AIP Conference
Proceedings. Melville, AIP Publishing, 2012, vol. 1446, iss. 1, pp. 233-243. DOI:
https://doi.org/10.1063/1.4727997.

18. Rovelli C., Vidotto F. Pre-Big-Bang Black-Hole Remnants and Past
Low entropy. Universe, 2018, vol. 4, no. 11, article ID: 129. DOI:
https://doi.org/10.3390/universe4110129.

19. Shi J., Wu J.-P. Dynamics of k-Essence in Loop Quantum Cosmology. Chinese
Physics C, 2021, vol. 45, no. 4, article ID: 045104.

20. Shriethar N., Rathinam C. Conformal Cyclic Evolution of the Universe: A Loop
Quantum Gravity Perspective. International Journal of Theoretical Physics, 2020, vol. 59,
no. 12, pp. 3995-4012. DOI: 10.1007/s10773-020-04651-6.

21. Singh P. Loop Quantum Cosmology and the Fate of Cosmological Singularities. Bulletin
of the Astronomical Society of India, 2014, vol. 42, pp. 121-146.

22. Steinhardt P.J., Turok N. Cosmic Evolution in a Cyclic Universe.
Physical Review D, 2002, vol. 65, no. 12, article ID: 126003. DOI:
https://doi.org/10.1103/PhysRevD.65.126003.

23. Steinhardt P.J., Turok N. A Cyclic Model of the Universe. Science, 2002, vol. 296,
no. 5572, pp. 1436-1439.

24. Tod P. The Equations of Conformal Cyclic Cosmology. General Relativity and
Gravitation, 2015, vol. 47, no. 3, article ID: 17. DOI: https://doi.org/10.1007/s10714-015-
1859-7.

25. Turner M.S. Dark Energy and the New Cosmology. arXiv preprint. URL:
https://arxiv.org/abs/astro-ph/0108103.

26. Vilenkin A. Creation of Universes from Nothing. Physics Letters B, 1982, vol. 117,
no. 1–2, pp. 25-28.

27. Vogelsberger M., Genel S., Springel V., Torrey P., Sijacki D., Xu D., Snyder G., Bird S.,
Nelson D., Hernquist L. Properties of Galaxies Reproduced by a Hydrodynamic Simulation.
Nature, 2014, vol. 509, no. 7499, pp. 177-182.

28. Vogelsberger M., Genel S., Springel V., Torrey P., Sijacki D., Xu D., Snyder G.,
Nelson D., Hernquist L. Introducing the Illustris Project: Simulating the Coevolution of Dark
and Visible Matter in the Universe. Monthly Notices of the Royal Astronomical Society, 2014,
vol. 444, no. 2, pp. 1518-1547.

29. Wang Y., Liu X., Zhu W., Tang L., Lin W. Estimation of the Galaxy Quenching Rate
in the Illustris Simulation. The Astrophysical Journal, 2021, vol. 906, no. 2, article ID: 129.
DOI: https://doi.org/10.3847/1538-4357/abcc66.

ISSN 2587-6325. Математ. физика и компьютер. моделирование. 2022. T. 25. № 1 81



ФИЗИКА И АСТРОНОМИЯ

КОНФОРМНЫЙ ЦИКЛИЧЕСКИЙ КОСМОЛОГИЧЕСКИЙ СЦЕНАРИЙ
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Аннотация. Конформный циклический космологический сценарий рас-
сматривает последние стадии Вселенной, на которых доминирует фантомная
энергия. В этой работе предпринята попытка построить квантовую космологи-
ческую модель на основе конформной циклической космологии. Обсуждается
конформное возникновение квантового космологического сценария. Показано,
что классическая Вселенная не будет полностью разорвана на финальных ста-
диях при доминировании фантомной энергии. Предсказывается дальнейшее
расширение через конформную циклическую эволюцию. Эта статья связывает
петлевой квантовый формализм с конформным циклическим космологическим
формализмом.

Ключевые слова: петлевая квантовая гравитация, конформная цикличе-
ская космология, фантомная энергия, петлевая квантовая гравитация, боль-
шой разрыв.
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