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Abstract. In this paper, I have made a great discovery. I realized that there was space-time
before the Big Bang. I also found out that the universe was shrinking and dark energy was
negative before the Big Bang. Moreover, I perceived that the universe expanded after the Big
Bang. I also predicted that ordinary matter, which makes up �ve percent of the universe was
made before the Big Bang, while dark matter was made after the Big Bang. The reason for this
prediction is that I put the essence of dark energy into Wilmore energy and made dark matter
equivalent to the Hawking mass. Dark matter has a mathematically imaginary nature, and
according to its physical interpretation, it can be in and out of space-time. Another discovery
in this study was unveiling of the �ne-tuning problem.[1].
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1 Introduction

It was once thought that time was an absolute quantity, and that gravity was only the force
between two masses. However, this assumption was rejected by a genius named Albert Ein-
stein. He realized that time and space were not independently absolute, and that gravitational
force was the force associated with space-time. In other words, his �eld equation explained
the relationship between the curvature of space-time and matter. This means that gravity
refers to the curvature of space-time that causes the motion of planets, stars, and galaxies in
our universe[12].
The exact solution of the Einstein �eld equation was proposed by Friedmann-Lemaitre-
Robertson-Walker, called the FLRW model. This accelerated model and expansion of the
universe generate a cosmological constant model. This model predicts the acceleration of our
universe and is compatible with observations. However, there are some problems with this
model; the most important problem is �ne-tuning [1]. Fine-tuning is the large di�erence be-
tween the relativistic quantum mechanics and the cosmological constant model for calculating
the vacuum density. In this article, I solved this problem by noting that dark energy has a
geometric origin. This is not only a hypothesis, and I proved in this article. To this end, I used
the scalar curvature de�nition, the continuity equation, and some creativity in mathematical
equations [2]. Then, I realized that the pressure to density ratio of the whole universe is equal
to −2

3orwtotal = −2
3 = wradiation +wDE +wDM = 1

3 −1+0 this data( −2
3 ) is compatible with

observations [2], and we can understand that dark energy has a geometrical origin. In my
model, I used Wilmore energy as dark energy to solve the �ne-tuning problem, and I added
Wilmore energy instead of the cosmological constant into the E(reinstein-Hilbert action. The
geometry of relativistic quantum mechanics is Minkowski's geometry [15]. In this geometry,
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there is no Wilmore energy because the space-time radius is constant (the space-time radius
is the scale factor).My model can predict that before the Big Bang, the vacuum density was
extremely high when the universe was in an infancy. Thus, we can conclude that relativistic
quantum mechanics can only measure the vacuum density before the Big Bang. The reason
for this result is that the radius in Minokowski's space-time is constant. My model can pre-
dict that the vacuum density is extremely low in the current time. In my model, I used the
mean curvature �ow to de�ne the radius of the universe. In this model, the universe was
initially shrinking. Before the Big Bang, the universe shrank to a point where the radius of
the universe reached zero. Then, the Big Bang occurred and the universe was expanded. In
my model, dark matter was made after the Big Bang, while ordinary matter was made before
the Big Bang. In this model, dark matter is an imaginary number, while ordinary matter
is a positive number. I used the Hawking mass formula to de�ne dark matter and ordinary
matter. The physical interpretation of imaginary quantities can be that all these quantities
can go beyond space-time to travel in and out of space-time, like the fourth dimension, the
time dimension, or the wave function in quantum mechanics. Moreover, in my model, the
dark matter mass and the radius of the universe after the Big Bang are imaginary quantities.
My model can predict the age of the universe, which is slightly di�erent from the cosmological
constant theory.
After applying Wilmore energy into the Einstein-Hilbert action [13], we can predict the den-
sity of our universe for each cosmic time. With this approach, quantum gravity is born. This
model functions better than other models to expand our universe such as F(R) gravity and
F(R,T) gravity [9],[10]. The reason is that this model has more universality and has simpler
scalar curvature than all the modi�ed theories.
De�nition of Wilmore energy in the Wilmore conjecture book: �Wilmore energy is a type of

energy that is studied in di�erential geometry, physics, and mechanics. It was �rst introduced

by Sim'eon-Denis Poisson and Marie-Sophie Germain, independently, at the beginning of the

nineteenth century, but its complete formalism was due to Thomas Wilmore. In essence, this

type of energy quantitatively measures the deviation of a surface from local sphericity. It is

important to note that there is some ambiguity in the literature between the terms bending

energy and Wilmore energy, and di�erent sources provide di�erent de�nitions.� . [3]
After the generalization of general relativity from small scales to large scale, we can observe
the real world.

2 Step 1: Finding pressure to the density ratio of the whole universe with

a mathematical method

For this target, I use the scalar curvature de�nition and the continuity equation, and I assume
that the pressure to density ratio of the whole universe is constant. Since this assumption is
more successful than those proposed by the other models, the model is called the cosmological
constant model . [4],[5]

w =
P

ρ
, (2.1)

P = PDarkmatter + PDarkenergy + Pradiation

ρ = ρDarkmatter + ρDarkenergy + ρradiation

w = wDarkmatter + wDarkenergy + wradiation
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ρ̇

ρ
= −3

α̇

α
(w + 1). (2.2)

The stress-energy tensor in the FLRW model is de�ned by [5]:

T = 3P − ρ = ρ(3w − 1)→ ρ =
T

(3w − 1)
. (2.3)

density is de�ned by [4]:

ρ = ρ0α
−3(w+1). (2.4)

ρDM0α
−3(wDM+1) + ρDE0α

−3(wDE+1) + ρRA0α
−3(wRA+1) = ρ0α

−3(w+1)

I apply (2.3) into (2.4) , so scale factor is de�ned by: I apply (2.3) into (2.4), and thus, the
scale factor is de�ned by:

α = (
T

ρ0(3w − 1)
)

1
−3(w+1) . (2.5)

Thus, the derivative of the scale factor is equal to:

dα

dt
= α̇ =

(3w − 1)ρ̇

−3(w + 1)
(

T
ρ0(3w − 1)

)
3w+4

−3(w+1) . (2.6)

Then, I apply (2.6), (2.5) into (2.2).

1

ρ
= (3w − 1)(

T
ρ0(3w − 1)

)
−3(w+1)
3(w+1) , (2.7)

ρ = (
ρ(3w − 1)

ρ0(3w − 1)2 )→ ρ0 =
1

3w − 1
. (2.8)

Thus, density and pressure as well as the scalar stress-energy tensor s of the whole universe
can be obtained as follows:

ρ = ρ0α
−3(w+1) =

α−3(w+1)

3w − 1
, (2.9)

P = wρ0α
−3(w+1) =

wα−3(w+1)

3w − 1
, (2.10)

T =
3wα−3(w+1)

3w − 1
− α−3(w+1)

3w − 1
= α−3(w+1), (2.11)

(ρ(3w − 1))
1

−3(w+1) = α. (2.12)

Now, we can obtain the pressure to density ratio of the whole universe using the scalar
curvature de�nition in the Robertson-Walker metric [4] and the equation (2.12).

R = −6(
α̈

α
+
α̇2

α2
+

k

α2
). (2.13)

Thus, derivatives of the scale factor based on the equation (2.12) are equal to:

α̇2 =
(ρ(3w − 1))

(6w+8)
−3(w+1)

9(w + 1)2 ρ̇2, (2.14)
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α̈ =
(3w + 4)

9(w + 1)2 (ρ(3w − 1))
6w+7

−3(w+1) ρ̇2 +
1

−3(w + 1)
(ρ(3w − 1))

(3w+4)
−3(w+1) ρ̈. (2.15)

Thus, the scalar curvature based on the equation(2.13) is equal to:

R = −6(
(3w + 4)

9(w + 1)2 (ρ(3w − 1))−2ρ̇2+
1

−3(w + 1)
(ρ(3w − 1))−1ρ̈+

(ρ(3w − 1))−2ρ̇2

9(w + 1)2 +k(ρ(3w − 1))
2

(w+1) .

(2.16)
Now, we should replace ρ̇ and ρ̈ in the equation (2.16).

ρ =
α−3(w+1)

3w − 1
, (2.17)

ρ̇ =
−1

3w − 1
3(w + 1)α−3(w+1)−1α̇→ ρ̇2 =

9(w + 1)2α−6(w+1)−2α̇2

(3w − 1)2 , (2.18)

ρ̈ =
1

3w − 1
3(w + 1)((3w + 4)α−3(w+1)−2α̇2 − 1

3w − 1
3(w + 1)α−3(w+1)−1α̈. (2.19)

Now, I apply (2.17), (2.18), and (2.19) into (2.16).

R = −6(
(3w + 4)

(3w − 1)2

α̇2

α2
− 1

3w − 1
((3w + 4)

α̇2

α2
+

1

3w − 1

α̈

α
+

1

(3w − 1)2

α̇2

α2
+ kα−2). (2.20)

We can consider the equation (2.20) and the equation (2.13) as the same equations. Thus,
we can make equality

−6((
3w + 4

(3w − 1)2 −
3w + 4

3w − 1
+

1

(3w − 1)2 )
α̇2

α2
+

1

3w − 1

α̈

α
+kα−2) = −6(

α̈

α
+
α̇2

α2
+kα−2). (2.21)

The coe�cient of α̇
2

α2 is equal to 1, thus:

(3w + 4)

(3w − 1)2 +
1

(3w − 1)2 −
(3w + 4)

3w − 1
=
−9w2 − 6w + 9

(3w − 1)2 = 1, (2.22)

− 9w2 − 6w + 9 = 9w2 − 6w + 1, (2.23)

− 18w2 = −8, (2.24)

w2 =
8

18
=

4

9
→ w = ±2

3
. (2.25)

Thus, the pressure to density ratio of the whole universe is obtained. However, we can accept
w = −2

3 because it is compatible with observations [2]. I mean,

wtotal = −2

3
= wradiation + wDE + wDM =

1

3
− 1 + 0. (2.26)

Thus, the existence of dark energy is not related to any physical interpretation, because I
obtained the pressure to density ratio of the whole universe without matter and energy in-
terpretation. Thus, all we have is math and geometry and, as a result, dark energy has a
geometrical origin.

� 4 �



3 Step 2: De�ning the radius of the universe as function of time using the

mean curvature �ow and �nding the exact age of the universe with a

mathematical method

What does curvature mean? A mean curvature �ow is an example of a geometric �ow of
hypersurfaces in a Riemannian manifold. Spheres and cylinders are the easiest, and actually,
some of the few nontrivial explicitly computable examples of mean curvature �ows. Let me
consider a sphere of radius α(t), which is a scale factor in the Robertson-Walker metric. In a
mean curvature �ow, the radius changes over time, similar to our universe that is expanding
with the scale factor. I believe that our universe works like a mean curvature �ow. Thus, I
can conclude that our universe is a mean curvature �ow. In addition to similarity, we can
calculate the age of the universe, which is compatible with observations. The radius of the
mean curvature �ow is de�ned [6]:

α(t) =
√
α2

0 − 2nt, (3.1)

where α2
0 is the initial radius and can be calculated using the wavelength [1] and n is

the dimension of surface (
∑

)(n=2),

α(t) =
1

1 + z
, (3.2)

α0 = 1. (3.3)

Hubble's law [1] can be written as follows:

H =
α̇

α
=

−n√
1−2nt√

1− 2nt
=

−n
1− 2nt

. (3.4)

we should put Hubble constant into equation (3.4). that is based on observations .Then we
can �nd age of universe . Hubble constant in the current time : H0 = 1.18× 10−61.[11]
so age universe is equal to : We should put the Hubble constant into the equation (3.4), which
is based on observations. Then, we can �nd the age of the universe. The Hubble constant in
the current time: H0 = 1.18× 10−61 [11]. Thus, the age of the universe is equal to:

t =
2 + 1.81× 10−61

4× 1.81× 10−61 (3.5)

It is compatible with observations. There is a little di�erence between this model and the
cosmological constant model [4].

4 Step 3: Interpreting the scale factor or the radius of the universe

α(t) =
√

1− 2nt. (4.1)

First of all, it shows the existence of space-time before the Big Bang. The reason is that when
the radius is equal to zero, time exists:

if : α(t) = 0→ t =
1

2n
. (4.2)

It means that at the beginning of time untilt = 1
2n , our universe had shrunk and then the

Big Bang occurred. After the Big Bang, the radius of the universe obtained an imaginary
quantity because our universe had no center after the Big Bang. However, our universe had
a center before the Big Bang, and the point is t = 1

4n .
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5 Step 4: Introducing a new candidate for dark matter using the Hawking

mass and for dark energy using Wilmore energy

Willmore energy de�nition. [7] :

W(Σ) =
1

4

∫
H2dΣ. (5.1)

where H is the mean curvature. The scalar curvature in this model is equal to:

R = −6(
α̈

α
+
α̇2

α2
+

k

α2
) = −6(

−n2

(1− 2nt)2 +
n2

(1− 2nt)2 +
k

1− 2nt
) =

−6k

1− 2nt
, (5.2)

R =
−6k

1− 2nt
=
−6k

α2
. (5.3)

As I previously stated, dark energy has a geometrical origin and I use Wilmore energy as dark
energy. The reason is that Wilmore energy has an expanding nature [3]. The mean curvature
is de�ned as follows [8]:

H =
n

α(t)
. (5.4)

n is [8]:

n = −α̇(t)α(t) = 2. (5.5)

With applying the Equation (5.4), Wilmore energy is is obtained as follows:

W(Σ) =
1

4

∫
Σ

(
n2

α2(t)
)dΣ =

1

4

∫
Σ

(
n2

α2(t)
8παdα, (5.6)

W(Σ) =
1

4

∫
Σ

8πn2

α
dα = 2πn2 lnα. (5.7)

The equation (5.7) is the dark energy equation. The constant of the integral in the equation
(5.7) is zero because when the radius is equal to zero, dark energy is also equal to zero.
Moreover, we should obtain the Hawking mass, which is the total mass in our universe de�ned
by [7]:

m(Σ) =
Σ

1
2

(16π)
3
2

(16π −
∫
Σ

H2dΣ =
Σ

1
2

(16π)
3
2

(16π − 4W(Σ)). (5.8)

that (Σ = 4πα2) With applying the Equation (4.1) and (5.7), Hawking mass is is obtained
as follows:

m(Σ) =
1

2
α− 4α lnα =

1

2

√
(1− 4t)−

√
(1− 4t) ln

√
(1− 4t) (5.9)

As can be observed, the Hawking mass is imaginary in the current time, meaning that the
total mass created in the universe is imaginary in the current time. Furthermore, if I consider
the early stages of the universe (before the Big Bang), I will obtain positive matter. It means
that ordinary matter was created before the Big Bang whereas dark matter was created after
the Big Bang.
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6 Step 5: Unveiling the �ne-tuning problem

In the �ne-tuning problem, the vacuum density is the main issue. In this model, I should
calculate the vacuum density as follows:

mvacuum(Σ) = 0, (6.1)

Σ
1
2

(16π)
3
2

(16π − 4Wvacuum(Σ)) = 0, (6.2)

Wvacuum(Σ) = 4π. (6.3)

where V is the four-dimension volume of a ball with the radius α

ρvacuum =
Wvacuum(Σ)

V
=

4π
π2

2 α
4

=
8

πα4
=

8

π(1− 2nt)2 =
8

π(1− 4t)2 . (6.4)

One will realize that the result of the equation (6.4) is compatible with observations if the
current time is considered; however, if the time before the Big Bang is considered, relativistic
quantum mechanics are predicted for the vacuum density. It means that the radius of the
universe plays the main role, the geometry of the relativistic quantum mechanics is Minkowski
space-time, and the radius is constant. Thus, relativistic quantum mechanics can only predict
the vacuum density before the Big Bang.

7 Step 6: Adding Wilmore energy to the Einstein-Hilbert action to update

the Friedmann equations to describe quantum gravity

S =
1

16π

∫ √
−g(R+ 2k−

5
2R

7
2 τ2W(Σ))dx4 +

∫ √
−gLmdx4. (7.1)

k−
5
2R

7
2 τ2W(Σ) is dark energy term.

τ is proper time in action above. Now I should take variation from action above.but �rst of
all I should know How can take variation from Wilmore energy : based on Eq (5.7) and Eq
(5.3) we have where τ is the proper time in the equation (7.1). Now I should take variation
from the equation(7.1). However, �rst, I should know how to take variation from Wilmore
energy. Based on the equations (5.7) and (5.3), we have

R =
−6k

α2
,W(Σ) = 2πn2 lnα. (7.2)

Since taking variation is partial, variation of Wilmore energy is as follows:

δW(Σ) ≈ 0. (7.3)

The dimension of Wilmore energy can be explained from two aspects:

k−
5
2R

7
2 τ2W(Σ) =

[
L−7

] [
T 2
] [
L5
] [
T−2

]
=
[
L−2

]
.k−

5
2R

7
2 τ2W(Σ) =

[
L5
] [
L−7

] [
T 2
] [
T−2

]
=
[
L−2

]
.

(7.4)
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where the �rst side k depends on the shape of the universe and the second side k is the spatial
curvature.
As we know, the stress-energy tensor is de�ned by [16] :

Tαβ =
−2√
−g

∂(
√
−gLm)

∂gαβ
. (7.5)

with the equation (7.1), we can take variation from the equation (7.1):

0 =
1

16π
(−1

2
gαβR+Rαβ − gαβk−

5
2R

7
2 τ2W(Σ) +

7

2
R

5
2Rαβ2k−

5
2 τ2W(Σ))− 1

2
Tαβ. (7.6)

Here, the equation changes to the new Einstein �eld equation:

(1 + 7R
5
2k−

5
2 τ2W(Σ))Rαβ −

1

2
gαβR− gαβk−

5
2R

7
2 τ2W(Σ) = 8πTαβ. (7.7)

The interpretation of this equation is that gravity is a reaction to the expansion of the universe.
Thus, Wilmore energy causes mass and energy bends space-time.

γ(R) = 1 + 7R
5
2k−

5
2 τ2W(Σ)

.γ(R)Rαβ − 1
2gαβR− gαβk

− 5
2R

7
2 τ2W(Σ) = 8πTαβ.

(7.8)

The new Einstein �eld equation has quantum gravity properties. One of the clues is the
coe�cient of Rαβ and another is Wilmore energy. This equation is true, even when our
universe was extremely small.
Now, we can achieve new Friedmann equations:

(1 + 7R
5
2k−

5
2 τ2W(Σ))R00 −

1

2
g00R− g00k

− 5
2R

7
2 τ2W(Σ) = 8πT00, (7.9)

(1 + 7(
−6k

α2
)
5
2k−

5
2 τ2W(Σ))

α̈

α
= −8πρ

3
+

k

α2
− 1

3
k−

5
2 (
−6k

α2
)
7
2 τ2W(Σ). (7.10)

The radius property of the universe in the mean curvature is as follows:

α̈

α
= − α̇

2

α2
. (7.11)

Thus, the second Friedmann equation is as follows:

(1 + 7(
−6k

α2
)
5
2k−

5
2 τ2W(Σ))

α̇2

α2
=

8πρ

3
− k

α2
+

1

3
k−

5
2 (
−6k

α2
)
7
2 τ2W(Σ). (7.12)

The equations (7.10) and (7.12) are new Friedmann equations.

8 Conclusion

We can conclude that space-time existed before the Big Bang. In this period (before the Big
Bang), ordinary matter was created and space-time was shrinking. This means that dark
energy was negative before the Big Bang, while after it, everything changed, positive dark
energy appeared, and dark matter was imaginary. In this paper, I used the Hawking mass
instead of dark matter and Wilmore energy instead of dark energy. Wilmore energy and the
Hawking mass connected to each other using the equation 5.8, meaning that dark energy
and dark matter had the same origin. However, some questions remained unanswered in this
article, including why dark matter and dark energy are connected, why space-time existed
before the Big Bang, and why imaginary quantities like dark matter and the radius of the
universe after the Big Bang can exist inside and outside the universe.

� 8 �



References

[1] Ishak, M. Living Rev Relativ 22: 1 (2019),https://doi.org/10.1007/s41114-018-0017-4

[2] Ivan Debono and George F. Smoot,General Relativity and Cosmology: Unsolved Questions and
Future Directions,Universe2(4), 23;(2016),https://doi.org/10.3390/universe2040023

[3] Magdalena D. Toda,Willmore Energy and Willmore Conjecture , Chapman and Hall/CRC 1
edition (October 13, 2017) ,ISBN-13: 978-1498744638

[4] Professor Steven Weinberg,Cosmology,Oxford University Press 1 edition (April 28,
2008),ISBN-13: 978-0198526827

[5] Professor Steven Weinberg,Gravitation and Cosmology: Principles and Applications of the
General Theory of Relativity, John Wiley & Sons, Inc. 1 edition (July 1972),ISBN-13:
978-0471925675

[6] Carlo Mantegazza,Lecture Notes on Mean Curvature Flow (Progress in Mathematics)
,Birkhäuser; 1st ed. 2011, Corr. 3rd printing 2012 edition (August 4, 2011),ISBN-13:
978-3034801447

[7] Shi, Y., Sun, J., Tian, G. et al. Calc. Var 58: 41(2019) .
https://doi.org/10.1007/s00526-019-1496-1

[8] Roberta Alessandroni,Introduction to mean curvature �ow,Séminaire de Théorie spectrale et
géométrie (Grenoble) Volume 27 (2008-2009), p. 1-9, doi: 10.5802/tsg.267

[9] Thomas P Sotiriou,J.Phys.Conf.Ser189:012039(2009),doi:10.1088/1742-6596/189/1/012039

[10] Tiberiu Harko, Francisco S.N. Lobo, Shin'ichi Nojiri, Sergei D.
Odintsov,Phys.Rev.D84:024020(2011),DOi:10.1103/PhysRevD.84.024020

[11] Max Tegmark, Anthony Aguirre, Martin J. Rees, and Frank Wilczek,Phys. Rev.D 73, 023505
� Published 9 January 2006,DOI: 10.1103/PhysRevD.73.023505

[12] Abhay Ashtekar,Stud. Hist. Phil. Mod. Phys 52, 69-74 (2015)

[13] Sumanta Chakraborty,Fundam.Theor.Phys187, 43-592017

[14] P. J. E. Peebles, Bharat Ratra,Rev.Mod.Phys75:559-6062003

[15] James M. Chappell, Azhar Iqbal, Nicolangelo Iannella, Derek Abbott, PLoS ONE7(12):
e51756 2012

[16] Daniel N. Blaschke, Francois Gieres, Meril Reboud, Manfred Schweda,Nucl. PhysB 912, 192
2016

� 9 �


	Introduction
	 Step 1: Finding pressure to the density ratio of the whole universe with a mathematical method 
	Step 2: Defining the radius of the universe as function of time using the mean curvature flow and finding the exact age of the universe with a mathematical method 
	Step 3: Interpreting the scale factor or the radius of the universe 
	Step 4: Introducing a new candidate for dark matter using the Hawking mass and for dark energy using Wilmore energy 
	Step 5: Unveiling the fine-tuning problem 
	Step 6: Adding Wilmore energy to the Einstein-Hilbert action to update the Friedmann equations to describe quantum gravity 
	Conclusion 

