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Abstract

In this paper, I used the application of something mathematically
into physics. A mean curvature flow is a good candidate for the cur-
vature of our universe; Therefore, I exerted Wilmore energy as dark
energy and Hawking mass as dark matter. I also found out that there
was space-time before the Big Bang. Moreover, I derived new Fried-
mann equations by adding Wilmore energy into the Einstein-Hilbert
action to describe the evolution of our universe. Another discovery in
this study was the unveiling of the fine-tuning problem.

1 Introduction

It was once thought that time was an absolute quantity, and that grav-
ity was only the force between two masses. However, this assumption
was rejected by a genius named Albert Einstein. He realized that
time and space were not independently absolute, and that gravita-
tional force was the force associated with space-time. In other words,
his field 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 field equation was proposed by
Friedmann-Lemaitre-Robertson-Walker, called the FLRWmodel. This
accelerated model and expansion of the universe generate a cosmo-
logical 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 fine-
tuning[1].Fine-tuning is the large difference between the relativistic
quantum mechanics and the cosmological constant model for calcu-
lating the vacuum density. In this article, I solved this problem by
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noting that dark energy has a geometric origin. This is not only a
hypothesis, and I proved it in this article. To this end, I used the
scalar curvature definition, the continuity equation, and some creativ-
ity 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 in the cosmological constant model [2], and we can under-
stand that dark energy has a geometrical origin. In my model, I used
Wilmore energy as dark energy to solve the fine-tuning problem, and
I added Wilmore energy instead of the cosmological constant into the
Einstein-Hilbert action. The geometry of relativistic quantum mechan-
ics is Minkowski’s geometry [15]. In this geometry, 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 in-
fancy. 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 predict that the vacuum density is extremely low in the
current time. In my model, I used the mean curvature flow to define
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 ordi-
nary matter is a positive number. I used the Hawking mass formula to
define dark matter and ordinary matter. 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 different from the cosmological constant theory.
After applying Wilmore energy into the Einstein-Hilbert action [13],
we can predict the density 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 univer-
sality and has simpler scalar curvature than all the modified theories.
Definition of Wilmore energy in theWilmore conjecture book: “Wilmore
energy is a type of energy that is studied in differential geometry,
physics, and mechanics. It was first introduced by Sim’eon-Denis Pois-
son 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 bend-
ing energy and Wilmore energy, and different sources provide different
definitions.” . [3]
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2 Step 1: Finding pressure to the density
ratio of the whole universe with a mathe-
matical method

For this target, I use the scalar curvature definition 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 cosmolog-
ical constant model . [4],[5]

w =
P

ρ
, (1)

P = PDarkmatter + PDarkenergy + Pradiation

ρ = ρDarkmatter + ρDarkenergy + ρradiation

w = wDarkmatter + wDarkenergy + wradiation

ρ̇

ρ
= −3

α̇

α
(w + 1). (2)

The stress-energy tensor in the FLRW model is defined by [5]:

T = 3P − ρ = ρ(3w − 1) → ρ =
T

(3w − 1)
. (3)

density is defined by [4]:

ρ = ρ0α
−3(w+1). (4)

ρDM0α
−3(wDM+1)+ρDE0α

−3(wDE+1)+ρRA0α
−3(wRA+1) = ρ0α

−3(w+1)

I apply (3) into (4) , so scale factor is defined by: I apply (3) into (4),
and thus, the scale factor is defined by:

α = (
T

ρ0(3w − 1)
)

1
−3(w+1) . (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) . (6)

Then, I apply (6), (5) into (2).

1

ρ
= (3w − 1)(

T
ρ0(3w − 1)

)
−3(w+1)
3(w+1) , (7)

ρ = (
ρ(3w − 1)

ρ0(3w − 1)
2 ) → ρ0 =

1

3w − 1
. (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
, (9)
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P = wρ0α
−3(w+1) =

wα−3(w+1)

3w − 1
, (10)

T =
3wα−3(w+1)

3w − 1
− α−3(w+1)

3w − 1
= α−3(w+1), (11)

(ρ(3w − 1))
1

−3(w+1) = α. (12)

Now, we can obtain the pressure to density ratio of the whole universe
using the scalar curvature definition in the Robertson-Walker metric
[4] and the equation (12).

R = −6(
α̈

α
+

α̇2

α2
+

k

α2
). (13)

Thus, derivatives of the scale factor based on the equation (12) are
equal to:

α̇2 =
(ρ(3w − 1))

(6w+8)
−3(w+1)

9(w + 1)
2 ρ̇2, (14)

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.

(15)
Thus, the scalar curvature based on the equation(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))
−2

ρ̇2

9(w + 1)
2 +k(ρ(3w − 1))

2
(w+1) .

(16)
Now, we should replace ρ̇ and ρ̈ in the equation (16).

ρ =
α−3(w+1)

3w − 1
, (17)

ρ̇ =
−1

3w − 1
3(w + 1)α−3(w+1)−1α̇ → ρ̇2 =

9(w + 1)
2
α−6(w+1)−2α̇2

(3w − 1)
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.

(19)
Now, I apply (17), (18), and (19) into (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).

(20)
We can consider the equation (20) and the equation (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).

(21)

The coefficient of α̇2

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, (22)
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− 9w2 − 6w + 9 = 9w2 − 6w + 1, (23)

− 18w2 = −8, (24)

w2 =
8

18
=

4

9
→ w = ±2

3
. (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 obser-
vations in the cosmological constant model [2]. I mean,

wtotal = −2

3
= wradiation + wDE + wDM =

1

3
− 1 + 0. (26)

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

3 Step 2: Defining the radius of the uni-
verse as function of time using the mean
curvature flow and finding the exact age of
the universe with a mathematical method

What does curvature mean? A mean curvature flow is an example of a
geometric flow of hypersurfaces in a Riemannian manifold. Spheres and
cylinders are the easiest, and actually, some of the few nontrivial ex-
plicitly computable examples of mean curvature flows. Let me consider
a sphere of radius α(t), which is a scale factor in the Robertson-Walker
metric. In a mean curvature flow, 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 flow. Thus, I can conclude
that our universe is a mean curvature flow. In addition to similar-
ity, we can calculate the age of the universe, which is compatible with
observations. The radius of the mean curvature flow is defined [6]:

α(t) =
√

α2
0 − 2nt, (27)

where α2
0 is the initial radius and can be calculated using the wave-

length [1] and n is the dimension of surface (
∑

)(n=2),

lim
t→0

α(t) = α0 (28)

Value of α0 is equal to scale factor in the Minkowski metric

α0 = 1. (29)
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Hubble’s law [1] can be written as follows:

H =
α̇

α
=

−n√
1−2nt√
1− 2nt

=
−n

1− 2nt
. (30)

we should put Hubble constant into equation (30). that is based on
observations .Then we can find 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 (30), which is based on observations. Then, we can find
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 (31)

It is compatible with observations. There is a little difference between
this model and the cosmological constant model [4]. This result is
the prominent reason for using Wilmore energy and Hawking mass for
describing dark energy and dark matter because A mean curvature
flow is the milestone of this theory.

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

α(t) =
√
1− 2nt. (32)

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
. (33)

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 .

5 Step 4: Introducing a new candidate for
dark matter using the Hawking mass and
for dark energy using Wilmore energy

Willmore energy definition. [7] :

W(Σ) =
1

4

∫
H2dΣ. (34)
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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
,

(35)

R =
−6k

1− 2nt
=

−6k

α2
. (36)

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 defined as follows
[8]:

H =
n

α(t)
. (37)

n is [8]:

n = −α̇(t)α(t) = 2. (38)

With applying the Equation (37), Wilmore energy is is obtained as
follows:

W(Σ) =
1

4

∫
Σ

(
n2

α2(t)
)dΣ =

1

4

∫
Σ

(
n2

α2(t)
8παdα, (39)

W(Σ) =
1

4

∫
Σ

8πn2

α
dα = 2πn2 lnα. (40)

The equation (40) is the dark energy equation. The constant of the
integral in the equation (40) 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 defined by
[7]:

m(Σ) =
Σ

1
2

(16π)
3
2

(16π −
∫
Σ

H2dΣ =
Σ

1
2

(16π)
3
2

(16π − 4W(Σ)). (41)

that (Σ = 4πα2) With applying the Equation (32) and (40), Hawking
mass is is obtained as follows:

m(Σ) =
1

2
α− 4α lnα =

1

2

√
(1− 4t)−

√
(1− 4t) ln

√
(1− 4t) (42)

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 fine-tuning prob-
lem

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

mvacuum(Σ) = 0, (43)

Σ
1
2

(16π)
3
2

(16π − 4Wvacuum(Σ)) = 0, (44)

Wvacuum(Σ) = 4π. (45)

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

ρvacuum =
Wvacuum(Σ)

V
=

4π
π2

2 α4
=

8

πα4
=

8

π(1− 2nt)
2 =

8

π(1− 4t)
2 .

(46)
One will realize that the result of the equation (46) 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 Fried-
mann equations to describe quantum grav-
ity

S =
1

16π

∫ √
−g(R+ 2k−

5
2R 7

2 τ2W(Σ))dx4 +

∫ √
−gLmdx4. (47)

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 first of all I should know How can take variation from
Wilmore energy : based on Eq (40) and Eq (36) we have where τ is
the proper time in the equation (47). Now I should take variation from
the equation(47). However, first, I should know how to take variation
from Wilmore energy. Based on the equations (40) and (36), we have

R =
−6k

α2
,W(Σ) = 2πn2 lnα. (48)

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

δW(Σ) ≈ 0. (49)
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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

]
.

(50)

where the first 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 defined by [16] :

Tαβ =
−2√
−g

∂(
√
−gLm)

∂gαβ
. (51)

with the equation (47), we can take variation from the equation (47):

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 .

(52)
Here, the equation changes to the new Einstein field equation:

(1 + 7R 5
2 k−

5
2 τ2W(Σ))Rαβ − 1

2
gαβR− gαβk

− 5
2R 7

2 τ2W(Σ) = 8πTαβ .
(53)

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
2 k−

5
2 τ2W(Σ)

.γ(R)Rαβ − 1
2gαβR− gαβk

− 5
2R 7

2 τ2W(Σ) = 8πTαβ .
(54)

The new Einstein field equation has quantum gravity properties. One
of the clues is the coefficient of Rαβ and another is Wilmore energy.
This equation is true, even when our universe was extremely small and
present time becasue of background level .
Now, we can achieve new Friedmann equations:

(1 + 7R 5
2 k−

5
2 τ2W(Σ))R00 −

1

2
g00R− g00k

− 5
2R 7

2 τ2W(Σ) = 8πT00,
(55)

(1 + 7(
−6k

α2
)

5
2 k−

5
2 τ2W(Σ))

α̈

α
= −8πρ

3
+

k

α2
− 1

3
k−

5
2 (

−6k

α2
)

7
2 τ2W(Σ).

(56)
The radius property of the universe in the mean curvature is as follows:

α̈

α
= − α̇2

α2
. (57)

Thus, the second Friedmann equation is as follows:

(1 + 7(
−6k

α2
)

5
2 k−

5
2 τ2W(Σ))

α̇2

α2
=

8πρ

3
− k

α2
+

1

3
k−

5
2 (

−6k

α2
)

7
2 τ2W(Σ).

(58)
The equations (56) and (58) are new Friedmann equations.
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8 Conclusion

We can conclude that space-time existed before the Big Bang. In this
period (before the Big Bang), the 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.
Using the equation (41), 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. Achieving The age of the
universe by this theory is the most prominent reason for using Wilmore
energy and Hawking mass for describing dark energy and dark matter
because A mean curvature flow is the milestone of this theory.
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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
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