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Abstract

In this article, we assume that the beginning of the universe was before the Big Bang. In the
beginning, all matter in the universe was combined in an infinitesimal spherical shape. This
sphere was compressed to an incomprehensible value for a period, and then exploded and
expanded time and space. We are referring to the negative time before the Big Bang. The
evolution of the universe before the Big Bang, passing through the moment of the explosion to
the end of the universe at the Big Rip, has been studied. In this article, we try to answer the
questions; did the universe exist before the Big Bang? What is the origin of the universe and
how did it arise? What are the stages of the evolution of the universe until the moment of the Big
Rip? What is the length of time for the stages of this development?
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1 Introduction

Based on the fact that the universe began with the Big Bang, many researchers have used
multiple universe models to study the evolution of the universe [1- 6]. The aim of this article is
to study the behavior of the universe before and after the moment of a Big Bang. We denote
negative time as the period before the "Big Bang", and positive time as the period after the
explosion. The study relies on cosmic parameters to understand the physical behavior of the
evolution of the universe and compare the results with the available observational information. It
has been proclaimed in 1998, that type of observations of Ia supernovae indicate that the current
universe is not only expanding but also accelerating. This was maybe the most arresting
discovery of modern cosmology. Now, this behavior of the universe has been confirmed by
various independent observational data, including Type Ia supernova (SNla), large structures
(SDSS) , and the cosmic microwave background (CMB) radiation, and so on. In a recent paper,

we will review the compression of the universe's matter until the moment of the Big Bang, and
then the stages of expansion to the Big Rip of the universe. In order to crystallize the
organization of the current manuscript, the rest of the paper is organized as follows: Section 2 is
devoted to investigating the Physical evolution of the universe. Comparison with the observed
kinematics of the universe is illustrated in Section 3. The discussions of the results are provided
in Section 4. Finally, the concluding remarks are drawn in Section 5.

The Einstein field equations can be written as follows [7],
1
Gaﬁ.=Raﬂ—EgaﬂR=Taﬁ., (1)

where G is the Einstein tensor and 7, is the energy-momentum tensor. Considering a co-

moving fluid the perfect fluid representation for the energy-momentum tensor, this can be
written as follows,

T°%=[p,p,p:pl, 2
where p is the energy density of the matter in co-moving coordinates and p is pressure.

In order to solve the Einstein field equations, it is usually necessary to make some simplifying
assumptions such as selecting a metric with a important degree of symmetry. One may be
considered the Robertson-Walker (RW)metric with a maximally symmetric spatial section [8],

2 32 Q2 d_”z 2 ) 2
ds*>=df* - (t)(W(r)+r (d6* +sin’0d¢ )], 3)

where W(r)=1-Kr*, S(r) is the cosmic scale factor, and the spatial curvature index
K €{-1,0,1} corresponds to spatially open, flat and closed universes, respectively.
The Einstein field equations (1) with (2) and (3), leads to [9],

382 +3K
=?, 4
S*+K+2S8S
p:—( S2 ] > (5)

Most of the perfect fluids relevant to cosmology obey an equation of state of the form p = wp ,
thus the state parameter is,
S?+K+2S88
| ©
387 +3K
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The three most common examples of cosmological fluids with constant @ are the dust(w=0),
radiation (@ =1/3) and vacuum energy (@ =—1). It is well known that fluids with (@ <-1/3)
are usually considered in the context of dark energy (DFE), since they give rise to accelerating
expansion.

Akarsu and Dereli have been proposed the generalized, linearly varying deceleration parameter,
as follows [1],

dH™!

q—T—l—m—l—at, @)
Where a>0 and m >0 are constants.
They proposed the deceleration parameter as a function of the first degree in time to find a finite
cosmological model that ends at the moment of the Big Rip.
Now, the Hubble parameter of the universe is obtained as follows:
s 2
s t2m—at)

®)

Equation (8), gives
§-_ 25
t(2m—at)
5 4S(-m+at
S=—"—"—"3" ( 2) . (10)
t“(2m—at)
Accordingly, integrating Eq. (8), one obtains [6],
1/m
S(t)zSO( ! j . (11)

2m—at

&)

Substituting from Eqs.(9), (10), and (11) into (4),(5), and(6), one gets
2

128" 43K £ @m—at) "

2
2+—
Qm—at)’t ™

47" 3= 2m+2aty+ K £ @m—at) ™
p=- B ) (13)

24—
Qm—at)*t ™

equation of state parameter (EoS) @= p/p can be obtained in a straight for-ward manner from
Egs. (12), and (13) as

o ~ 2 3 2+;
| A"B=2m+2an)+ Kt*2m 2at) ' (14)

2+
1267 +3K > @m—at) ™

One can be also solve for the deceleration parameter ¢ as a function of the redshift
z+1=S,_,/S,S,_, is the present value of the scale factor

2maS™ ;=0

(A+2)" +aS".—0)’

q(z)=m—1- (15)

where S, , =2.455, see table 1.
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It is believed that the transition from the decelerating to the accelerating phase of the Universe
comes due to a Cosmic Jerk as defined by the Jerk parameter. This parameter, in the Cosmology,
is defined as [10, 11],

. 1 ds N 1 dg(t)
J@) SHE P q(t)+2q°(1) HO di (16)
One may obtain the Jerk parameter J(¢), as follows
J@)=1+(at—m) 3+2at-2m)—at(at—2m)/2. (17)

2 Physical evolution of the universe

In this section, we will study the physical behavior of the evolution of the Universe. Big Bang
cosmology is a R solution based on general relativity. This is a very successful model; it

provides a reliable, tested history of the universe, about 10~ seconds after the explosion, until
today, some 15Gyr later. It is so successful that it is known as the standard model of cosmology.

It accommodates-and in some instances explains-most of the salient features of the observed
universe, including the Hubble expansion, the 2.74 K cosmic microwave background radiation
(CMBR), the abundance of the light elements, and the existence of structures like galaxies,
clusters of galaxies, etc. So now we are able to ask a new set of even more profound questions
about the universe. Did the universe exist before the Big Bang? What are the essence of the
universe and the nature of pressure? What is his evolutionary behavior when he reached that
"Big Bang" moment? And so on. To answer these questions, we will take a model that
represents the evolution of the universe from the moment of the Big Bang to the moment of the
Big Rip and take it back using the negative time “before the beginning of time at the Big
Bang” and study the evolutionary behavior of the universe during a long period similar to the
theoretically estimated age of the universe.

In our model the universe has finite lifetime. The universe began with its deceleration parameter

_ 1/m
to g=3m—1, and S(¢) =[2—1j at t= _2_m’ and then gradually reach to g = m(1 +%) -1, and
a a

1/m
S(t) :(6_1] at t= —% and enters to Big Bang with g =m—1, and S(¢#)=0at ¢,, =0, this
+a

1/m
is the Big Bang behavior, then moved to acceleration when ¢g=0, and S(¢) =[m—1] at
m+
- 1/m
t, = M~ then to strong acceleration with ¢g=-1, and S(¢) :(—j at ¢, =" the universe
a a a

ends at the moment of a Big Rip with deceleration parameterg =—(m+1), and S(¢)=coat

_2m . This is the big rip behavior first suggested by [1, and 12]. From equation (15), the

tbr
a
relationship between the redshift and the deceleration parameter can be found as follows
1/m
z:SF{a(z—’”—l)] -1, (18)
m—1-gq

In the next section, we will display the previous introductions numerically so that we can
compare them with the observed observations.
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3 Comparison with the observed kinematics of the universe

In order to demonstrate how our model matches the observed kinematics of the universe and
makes additional predictions, we first plot the cosmological parameters by choosing m =2 and
a=0.126, comparison with reference [1, 13, and 14]. From Eq.(11) as well as the plot of scale
factor S(¢) (see Fig. 1), It is easy to observe that at the beginning (i.e. t=-31.8) i.e. universe
start evolving with volume | S(¢) |=1.99, then it looked and continued to shrink until it reached
zero volume S(¢#) =0 with an infinite rate of expansion at ¢ =0or at Big Bang. The universe

continued to expand until it reached its maximum value at the end (i.e. #=31.8 or at Big-Rip).
Figure 2 depicts the Hubble parameter H(¢) for our mode. It is clear that the Hubble parameter

is beginning small value at#=-31.8, and then it reaches its highest value at (=0 or at Big-
Bang, also at ¢+ =31.8 or at Big-Rip).
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Figure 2: Hubble parameter / versus cosmic time

Figure 1: Scale factor S(f) versus cosmic time
t:-31.8—>31.8

t:-31.8—>31.8
The deceleration parameter ¢ is positive (decelerating expansion) at early universe

(-31.8<¢<7.9)and negative (accelerating expansion) at present time (see Fig. 3). It means

universe indicate transitional phase (i.e. early time deceleration to late time acceleration). The
universe began with its deceleration parameter to ¢ =5, at t=-31.8, and then gradually reach

tog=1.13, and at r=-1 and enters to Big Bang with ¢ =1, at #,, =0, this is the Big Bang

behavior, then moved to acceleration when ¢ =0,at ¢, =7.9 ,and then enters to ¢,,, =-0.73 at
t4y =13.7, and then to strong acceleration with g =1, at ¢, =15.87 , the universe ends at the

moment of a big rip with deceleration parameter g =-3, at #,, =31.8 .

We also plot the deceleration parameter g(z) versus redshift z in Fig. 4.From model dependent
or independent analyses of the cosmological observations, the transition redshift of the
accelerating expansion is given by 0.3<z <0.8[13, 14, 15-20]. One may observe that the
accelerating expansion in our model begins at z ~0.51 consistent with the observational data,

for more details, see Refs. [21- 28]. One cannot find a numerical value or observations of the
redshift before and during the Big Bang.
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Figure 3: Deceleration parameter ¢(¢) versus cosmic Figure 4: Deceleration parameter ¢(z) versus redshift
time 7:-31.8 >31.8 z:=1—>2

We plotted the energy density versus time p(¢) in Fig. 5 for our model. Concern figures indicate
the flat model began with its energy density p=1.9X10", at r=-31.8, and then gradually
reach to p =0.71at t=—1 and enters to Big Bang with p,, - at ¢,, =0, this is the Big Bang
behavior, then moved to acceleration when p, =2.1X107at ¢,=7.9,and then enters to
Puy =1.2X107at 1, =13.7, and then to strong acceleration with p, =1.1X107, at
t, =15.87, the universe ends at the moment of a big rip with energy density p, — o, at
t,. =31.8. One can accept this cosmological model because it satisfies the condition of positive
energy density p>0. In Fig. 6 we plot the pressure of the fluid p versus cosmic times. The
universe began with positive pressure before the Big Bang. This pressure diverges at the "Big
Bang" and the "Big Rip". The our flat model began with its pressure p=5.6X10"*, at
t =-31.8, and then gradually reach to p =0.29 at ¢ =-1 and enters to Big Bang with p,, — o,

at t,, =0, this is the Big Bang behavior, then moved to acceleration when p, =-7X107 at
1, =7.9 ,and then enters to p,,, =-1.X 107 at t4y =13.7, and then to strong acceleration with

p,, =—12X107, at ¢, =15.87, the universe ends at the moment of a big rip with energy
density p, — — o0, at f,, =31.8.
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Figure 5: The energy density of the fluid p versus Figure 6: The pressure of the fluid p versus cosmic

cosmic time ¢:-31.8 >31.8,and K =0 time 7:-31.8 >31.8,and K =0

In Fig. 7, we have plotted the evolution of FoS parameter w, as a function of cosmic time. The
flat model began with its state parameter @ =2.5, at +=-31.8, and then gradually reach to
w=041, and at t=-1 and enters to Big Bang with w=1/3, at #,, =0, this is the Big Bang
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behavior, then moved to acceleration when w=-1/3,at ¢,=7.9,and then enters to

@,, =—0.82at t,,=13.7, and then to strong acceleration with w=-1, at 7, =15.87 , the

universe ends at the moment of a big rip with state parameterw =-2.3, at #,, =31.8 . Our

model is consistent with the observed data of SNIa [29], Golden Sample of Hubble Space
Telescope [30], CMB [31], and SDSS [32] because it allows the dark energy (DE) to pass into

the phantom region (w < —1).In Fig. 8, we have plotted the jerk parameter with time j(¢) , it is

clear from the concern figure that the values of the jerk parameter correspond to the evolution of
the universe and its transition from a state of deceleration to a state of acceleration.
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Figure 7: The equation of state parameter @ versus Figure 8: Jerk parameter j(z) versus cosmic time
cosmic time ¢:-31.8 >31.8,and K:-1—>1 t--31.8531.8

4 Discussions and results

The aim of this article is to identify the behavior of the evolution of the universe before a
moment of a Big Bang, so in section 1, we chose a linearly varying deceleration parameter
model. We reviewed in this section, the cosmic scale factor, the deceleration parameter, the
energy density of the matter, the pressure in the fluid, and the state parameter for this model. In
section 2, we presented the Physical evolution of the universe from the supposed beginning of
the universe, through the moment of the Big Bang, to the Big Rip. The results of this article can
be presented in Table 1.
Table 1: Evolution of the universe in the proposed model

The stages t q S P P 1) z
Before the Big Bang -31.8 5.00 1.99 5.6X1074 1.9x107% 2.50
-15.87 | 2.90 1.60 22Xx1073 1.3x1073 1.69
-13.70 | 2.71 1.55 2.9x1073 1.9x1073 1.53

-1.00 1.13 0.49 0.29 0.71 0.41
Big Bang moment 0.00 1.00 0 —>® —>®© 1/3
After the Big Bang 1.00 0.87 0.51 0.199 0.799 1/4
3.968 0.50 1.29 —0 6.2X10_2 0
7.936 0.00 1.62 ~7x1073 2.1X1072 -1/3 0.51
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13.70 -0.73 2.46 —1X1072 1.2X1072 -0.82 —5.8X1073
15.87 -1.00 2.82 —1.2X1072 1.1X1072 -1 -0.13
Big Rip moment 31.80 | -3.00 | —>®© —>—® —> © -2.30 -1

In this article, we use the negative time to refer to just before the Big Bang. Before the Big
Bang, it can be assumed that the size of the early universe contained pure water. This volume is
under the influence of pressure that increases with the passage of time with a high temperature
and high energy density. Under endothermic reactions the volume shrinks with water and
decomposes into the elements H,0,0,,0H , and H,. As the temperature and pressure

increase, the preceding elements decompose into elementary particles with high energy. The
pressure value increases with increasing temperature, and vice versa (This idea needs more
scrutiny in other research that includes specialists in chemistry and physics), see Refs. [33 - 36].
According to the chemical and physical studies of thermal reactions during this period, the
suggested time before the Big Bang can be shortened. A Big Bang occurs when both pressure
and temperature reach their maximum value. One can note that the universe turns from a
radiation state to a dust one in a period of about time 3.968 Gyr, and it begins to accelerate after
7.936 Gyr, from the moment of the Big Bang. From Table 1, one can be observed that the
accelerating expansion begins atz =0.51, this result is consistent with the observational data.
Also, the age of the universe is now estimated at about 13.70 Gyr. In our model, the phantom
region starts at ¢>15.87 Gyr. These results agree with the context of DE in general relativity,

see Refs.[37-40].

5. Concluding remarks

In this article, we propose a model of the universe that began before the Big Bang, and we
call this period negative time. We have studied the behavior of the universe from the Big Bang
to the Big Rip. The results of the proposed model are consistent with the results of astronomical
observations so far. Many researchers have studied the early-time behavior of the Universe and
in particular the Big Bang Nucleosynthesis (BBN) epoch, see Refs,[41-44]. But before the Big
Bang, it needs an in-depth study by physicists and chemists under the conditions of the present
study. In this article, we assumed that the origin of the universe was water, which decayed under
the influence of pressure and high temperature into elementary elements that interacted with
each other, and then the Big Bang occurred. Based on this, a Physico-chemical study is needed
that determines the stages of the transformation of water into its elements, the time required for
that transformation, and the interactions that occur with high pressure and temperature to very
high levels. Our study of the universe means that the universe has an origin that it originated
from and that it is a non-periodic universe.
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