Solution for the density parameter of dark energy

Abstract

In this paper we will propose a possible solution for the density parameter of dark energy.
From the dimensionless unification of the fundamental interactions will be presended the
formulas for the density parameter of dark energy. Also we will show the geometric
representation of the density parameter for dark energy and the geometric representation
of the relationship between the de Sitter radius and the Hubble length.
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1. Introduction

In [1] we presented exact and approximate expressions between the Archimedes constant n,the golden ratio ¢,the
Euler's number e and the imaginary number i. We propose in [2] and [3] the exact formula for the fine-structure
constant a with the golden angle,the relativity factor and the fifth power of the golden mean:

al=360-¢2-2:¢3+(3-¢)°=137,035999164...

Also we propose in [4], [5] and [6] a simple and accurate expression for the fine-structure constant a in terms of the
Archimedes constant n:

al=2.3-11-41-431.n:In2=137,035999078...

We propose in [7] the exact mathematical expression for the proton to electron mass ratio using Fibonacci and Lucas
numbers:

p32=2.F51€0. 547.1 19%0/19=1 836,15267343...

We propose in [7] the exact mathematical expression for the proton to electron mass ratio:
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with numerical value:
N=1836,15267392...
Other exact mathematical expression in [7] for the proton to electron mass ratio is:
u=6-n"+n>+2-n%+2:n8+2:n1°+2.n"3+n15=1.836,15267343...

Also in [7] was presented the exact mathematical expressions that connects the proton to electron mass ratio p and


mailto:sterpellis@gmail.com

the fine-structure constant a:
9-u-119-at=5-(p+42)
p-6-a1=360-¢-165-n+345-e+12
M-182:0=141-¢p+495-n-66-e+231
M-807:0=1.205-n-518-p-411-e

Also in [8] was presented the unity formula that connects the fine-structure constant and the proton to electron mass
ratio. It was explained that p-a™ is one of the roots of the following trigonometric equation:

2:10% cos(u-a™)+13°=0
The exponential form of this equation is:
102-(e*9+e™%)+132=0
Also this unity formula can also be written in the form:
10-(eV+e™ ) 2=13:i
In [9] we presented the current world average value for the coupling evaluated at the Z-boson mass scale:

Eulers' number

A

~ Ger ford's constant

e
4= —
a, = et
with numerical value:
as=0,11746...

In [10] , [11], [12] , [13] , [14] it presented the dimensionless unification of the fundamental interactions.
We calculated the unity formulas that connect the coupling constants of the fundamental forces. The dimensionless
unification of the strong nuclear and the weak nuclear interactions:

e-as=10"-aw
as’=i*-10"-aw
The dimensionless dimensionless unification of the strong nuclear and electromagnetic interactions:
as (e/94eV0)=2 2
The dimensionless dimensionless unification of the weak nuclear and electromagnetic interactions:
107-aw-(e”°+e?)=2-e-i*
The dimensionless unification of the strong nuclear,the weak nuclear and electromagnetic interactions:
107 aw-(e’"%+e V%) =2 as
The dimensionless unification of the gravitational and the electromagnetic interactions:

4.e?-a%.aG Na’=1



16-a%-aG NA>=(e/*+e™?)?
The dimensionless unification of the strong nuclear,the gravitational and the electromagnetic interactions:
4-as®-a*-aG-NA’=i*
a?-(e’+e?)-as* aG-Na?=i®
The dimensionless unification of of the weak nuclear,the gravitational and the electromagnetic interactions:
4-10'*-aw’ a* aG-NA’=i*"e?
10 -a?- (e”%+e)?-aw?-aG-NA?=i®

The dimensionless unification of the strong nuclear,the weak nuclear,the gravitational and the electromagnetic
interactions:

as’=4-10"*-aw? a*-aG-NA?
8-107-NA®-aw-a* -ac=as-(e/+e™?)
We found the formula for the Gravitational constant:
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G = a?(2107a,aN,)

In [15] and [16] we calculated the expression that connects the gravitational fine structure constant with the four
coupling constants:
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Perhaps the gravitational fine structure constant is the coupling constant for the fifth force. It presented that the
gravitational fine structure constant is a simple analogy between atomic physics and cosmology. The conclusion of
the dimensionless unification of atomic physics and cosmology:

ast?-a® Ip?-A=10*2-i'?" aG3 aw®

We found the formula for the cosmological constant:
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The Equation of the Universe is:

3
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We proposed a possible solution for the cosmological parameters. From the dimensionless unification of the
fundamental interactions the density parameter for normal baryonic matter is:

QB=e"=i?=0,043214=4,32%
The density parameter for dark matter is:

QD=6-e"=6"i*=0,2592835=25,92%



The density parameter for the dark energy is:
QA=17-€"=17i*=0,73463661=73,46%
The sum of the density parameter for normal baryonic matter and the density parameter for the dark energy is:
Qo0=24-e"=24-i"=1,037134

A positively curved universe is described by elliptic geometry,and can be thought of as a three-dimensional
hypersphere,or some other spherical 3-manifold,such as the Poincaré dodecahedral space,all of which are quotients of
the 3-sphere. The state equation w has value:

w=-24-e"=-24-i%=-1,037134

For as much as w<-1,the density actually increases with time.
R. Adler in [17] calculated the energy ratio in cosmology,the ratio of the dark energy density to the Planck energy
density. H.H. Otto in [18] found the reciprocity relation between mass constituents of the universe.

2. Unification of atomic physics and cosmology

In the context of cosmology the cosmological constant is a homogeneous energy density that causes the expansion of
the universe to accelerate. Originally proposed early in the development of general relativity in order to allow a static
universe solution it was subsequently abandoned when the universe was found to be expanding. Now the
cosmological constant is invoked to explain the observed acceleration of the expansion of the universe. The
cosmological constant is the simplest realization of dark energy,which is the more generic name given to the
unknown cause of the acceleration of the universe. Its existence is also predicted by quantum physics,where it enters
as a form of vacuum energy,although the magnitude predicted by quantum theory does not match that observed in
cosmology.

The cosmological constant A is presumably an enigmatic form of matter or energy that acts in opposition to gravity
and is considered by many physicists to be equivalent to dark energy. Nobody really knows what the cosmological
constant is exactly,but it is required in cosmological equations in order to reconcile theory with our observations of
the universe. One potential explanation for the cosmological constant lies in the realm of modern particle physics.
Experiments have verified that empty space is permeated by countless virtual particles constantly popping in and out
of existence. It is commonly believed that the cosmological constant problem can only be solved ultimately in a
unified theory of quantum gravity and the standard model of electroweak and strong interactions,which is still absent
so far. But connecting vacuum energy to the cosmological constant is not straightforward. Based on their
observations of supernovas,astronomers estimate that dark energy should have a small and sedate value,just enough
to push everything in the universe apart over billions of years. Yet when scientists try to calculate the amount of
energy that should arise from virtual particle motion,they come up with a result that's 120 orders of magnitude
greater than what the supernova data suggest. The cosmological constant has the same effect as an intrinsic energy
density of the vacuum,pvac and an associated pressure. In this context,it is commonly moved onto the right-hand side
of the equation,and defined with a proportionality factor of A=8-n-pvac where unit conventions of general relativity
are used (otherwise factors of G and ¢ would also appear,i.e:

G
A= 87Tpvacc_4 = KPyac

where k is Einstein's rescaled version of the gravitational constant G. The cosmological constant has been introduced
in gravitational field equations by Einstein in 1917 in order to satisfy Mach's principle of the relativity of inertia.
Then it was demonstrated by Cartan in 1922 that the Einstein field tensor including a cosmological constant A:

1
Epv = va - ERQHV + Aguv

,1s the most general tensor in Riemannian geometry having null divergence like the energy momentum tensor Tpv.
This theorem has set the general form of Einstein’s gravitational field equations as Epv=k-Tuv and established from
first principles the existence of A as an unvarying true constant. The cosmological constant problem dates back to the
realization that it is equivalent to a vacuum energy density. One of the main consequences in cosmology of a positive



cosmological constant is an acceleration of the expansion of the universe. Such an acceleration has been first detected
in 1981 in the Hubble diagram of infrared elliptical galaxies,yielding a positive value close to the presently measured
one,but with still large uncertainties. Accurate measurements of the acceleration of the expansion since 20 years have
reinforced the problem. The cosmological constant A,as it appears in Einstein’s equations,is a curvature. As
such,besides being an energy density,it is also the inverse of the square of an invariant cosmic length L.

In the early-mid 20th century Dirac and Zel’dovich were among the first scientists to suggest an intimate connection
between cosmology and atomic physics. Though a revolutionary proposal for its time,Dirac’s Large Number
Hypothesis (1937) adopted a standard assumption of the non-existence of the cosmological constant term A=0.
Zel'dovich insight (1968) was to realize that a small but nonzero cosmological term A>0 allowed the present day
radius of the Universe to be identified with the de Sitter radius which removed the need for time dependence in the
fundamental couplings. Thus,he obtained the formula:

6,2
mpG'
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where m is a mass scale characterizing the relative strengths of the gravitational and electromagnetic
interactions,which he identified with the proton mass mp.

Laurent Nottale in which,instead,suggests the identification m=me/a. He assumed that the cosmological constant A
is the sum of a general-relativistic term and of the quantum,scale-varying,gravitational self-energy of virtual pairs. A
renormalization group approach is used to describe its scale-dependence. We argue that the large scale value of A is
reached at the classical electron scale. This reasoning provides with a large-number relation:

My ( L >%
a =|—
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The cosmological constant A has the dimension of an inverse length squared. The cosmological constant is the
inverse of the square of a length L:

L=VA!
For the de Sitter radius equals:
Ry =+3L

So the de Sitter radius and the cosmological constant are related through a simple equation:

3
Ry=1/+

From this equation resulting the expressions for the gravitational fine structure constant ag:
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So the cosmological constant A equals:
A= aﬁlglz
Al
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From the expression of the gravitational fine structure constant resulting the dimensionless unification of the atomic
physics and the cosmology:

ag=(2-e-a%-Na)3
Ipl?-A=(2-e-a-NA)™® (1)

Now we will use the unity formulas of the dimensionless unification of atomic physics and cosmology to find the
equations of the cosmological constant. For the cosmological constant equals:

A= (2ea2NA) B é—; (2)

From the expression of the gravitational fine structure constant resulting the dimensionless unification of atomic
physics and cosmology:

Ipi?-A=it?-(2-as-a?Na)® (3)
For the cosmological constant equals:

6 3

A= ’1:12i (2GSQ2NA) E (4)

From the expression of the gravitational fine structure constant resulting the dimensionless unification of atomic
physics and cosmology:

Ipi?-A=i'?"-e®(2-10”-aw-a® Na)™® (5)
For the cosmological constant equals:
12; 6 7. .3 -6 ¢
A =i"%e°(210"a,a’Ny) Ch (6)

From the expression of the gravitational fine structure constant resulting the dimensionless unification of atomic
physics and cosmology:

(7)
e% as®-a® Ip?- A=10%-ac3 - aw® (8)

For the cosmological constant equals:

Q, 2 ? C3
A= 1042< G‘;“g) pa (9)



From the expression of the gravitational fine structure constant resulting the dimensionless unification of atomic
physics and cosmology:
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This unity formula is a simple analogy between atomic physics and cosmology. For the cosmological constant
equals:

2 3 3
A = 10%2402 [ de%w | € (12)
"\ @) en
The Equation of the Universe is:
3
AGh : .
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3. Cosmological parameters

The Hubble constant Ho is one of the most important numbers in cosmology because it is required to estimate the
size and age of the universe. This number indicates the rate at which the universe is expanding. The Hubble constant
can be used to determine the inherent brightness and masses of stars in nearby galaxies,examine the same properties
in more distant galaxies and galaxy clusters,infer the amount of dark matter in the universe,and obtain the scale size
of distant clusters as far as clusters test for theoretical cosmological models. In 1929,American astronomer Edwin
Hubble announced his discovery that galaxies,in all directions,seemed to be moving away from us and have greater
displacement for attenuated galaxies. However,the true value for Ho is very complicated. Astronomers need two
measurements:

a) First, spectroscopic observations reveal the redshift of the galaxy, showing its radial velocity.
b) The second measurement, the most difficult value, is the exact distance of the galaxy from Earth.

The unit of the Hubble constant is 1 km/s/Mpc. The 2018 CODATA recommended value of the Hubble constant is
Ho=67,66+0,42 (km/s)/Mpc=(2,1927664+0,0136)x10'® s*. Hubble length or Hubble distance is a unit of
distance in cosmology,defined as the speed of light multiplied by Hubble time LH=c-Ho™. This distance is equivalent
to 4,550 million parsecs,or 14,4 billion light-years,13,8 billion years. Hubble's distance would be the distance
between the Earth and the galaxies currently falling away from us at the speed of light,as shown by the substitution
r=c-Ho in the equation for Hubble's law,u=Ho-r.

The critical density is the average density of matter required for the Universe to just halt its expansion,but only after
an infinite time. A Universe with a critical density is said to be flat. In his theory of general relativity, Einstein
demonstrated that the gravitational effect of matter is to curve the surrounding space. In a Universe full of matter,
both its overall geometry and its fate are controlled by the density of the matter within it. If the density of matter in
the Universe is high (a closed Universe),self-gravity slows the expansion until it halts, and ultimately re-collapses. In
a closed Universe, locally parallel light rays converge at some extremely distant point. This is referred to as spherical
geometry. If the density of matter in the Universe is low (an open Universe),self-gravity is insufficient to stop the
expansion, and the Universe continues to expand forever (albeit at an ever decreasing rate). In an open Universe,
locally parallel light rays ultimately diverge. This is referred to as hyperbolic geometry. Balanced on a knife edge
between Universes with high and low densities of matter, there exists a Universe where parallel light rays remain
parallel. This is referred to as a flat geometry,and the density is called the critical density. In a critical density
Universe, the expansion is halted only after an infinite time.

To date,the critical density is estimated to be approximately five atoms per cubic meter,whereas the average density



of ordinary matter in the Universe is believed to be 0,2-0,25 atoms per cubic meter. A much greater density comes
from the unidentified dark matter; both ordinary and dark matter contribute in favor of contraction of the universe.
However,the largest part comes from so-called dark energy, which accounts for the cosmological constant term.
Although the total density is equal to the critical density the dark energy does not lead to contraction of the universe
but rather may accelerate its expansion. Therefore,the universe will likely expand forever. An expression for the
critical density is found by assuming A to be zero and setting the normalized spatial curvature,k,equal to zero. When
the substitutions are applied to the first of the Friedmann equations we find:

B 3H§
- 8nG

Pe

It should be noted that this value changes over time. The critical density changes with cosmological time,but the
energy density due to the cosmological constant remains unchanged throughout the history of the universe. The
amount of dark energy increases as the universe grows,while the amount of matter does not. The density parameter Q
is defined as the ratio of the actual density p to the critical density pc of the Friedmann universe. The relation between
the actual density and the critical density determines the overall geometry of the universe,when they are equal,the
geometry of the universe is flat (Euclidean). The galaxies we see in all directions are moving away from the Earth,as
evidenced by their red shifts. Hubble's law describes this expansion. Remarkably,study of the expansion rate has
shown that the universe is very close to the critical density that would cause it to expand forever.

The density parameter Q is defined as the ratio of the average density of matter and energy in the Universe p to the
critical density pc of the Friedmann universe. The relation between the actual density and the critical density
determines the overall geometry of the universe;when they are equal,the geometry of the universe is flat (Euclidean).
In earlier models,which did not include a cosmological constant term, critical density was initially defined as the
watershed point between an expanding and a contracting Universe. The density parameter is given by:

Q= =
Pe

where p is the actual density of the Universe and pc the critical density. Although current research suggests that Q0 is
very close to 1,it is still of great importance to know whether Qo is slightly greater than 1,less than 1,or exactly equal
to 1l,as this reveals the ultimate fate of the Universe. If Qo is less than 1,the Universe is open and will continue to
expand forever. If Qo is greater than 1,the Universe is closed and this will eventually halt its expansion and
recollapse. If Qo is exactly equal to 1 then the Universe is flat and contains enough matter to halt the expansion but
not enough to recollapse it. It is important to note that the p used in the calculation of Qo is the total mass/energy
density of the Universe. In other words,it is the sum of a number of different components including both normal and
dark matter as well as the dark energy suggested by recent observations. We can therefore write:

Q0=QB+QD+QA
Q0=0Qm+QA

Q0=0QB+QD+A

where:

QB is the density parameter for normal baryonic matter,

Qp is the density parameter for dark matter,

QA is the density parameter for dark energy,

Qm is the sum of the density parameter for normal baryonic matter and the density parameter for dark matter,

QD+A 1s the sum of the density parameter for the density parameter for dark matter and the density parameter for dark
energy.

The sum of the contributions to the total density parameter Qo at the current time is:

Q0=1,02+0,02

Current observations suggest that we live in a dark energy dominated Universe with Qa=0,73,20=0,23 and
QB=0,04. To the accuracy of current cosmological observations,this means that we live in a flat,Qo=1 Universe.
Instead of the cosmological constant A itself,cosmologists often refer to the ratio between the energy density due to
the cosmological constant and the critical density of the universe,the peak point of a density sufficient to prevent the



universe from expanding forever,at one level of the universe is the ratio between the energy of the universe due to the
cosmological constant A and the critical density of the universe,that is what we would call the fraction of the universe

consisting of dark energy.

The assessment of baryonic matter at the current time was assessed by WMAP to be Q8=0,044+0,004. From the

dimensionless unification of the fundamental interactions the density parameter for normal baryonic matter is:

QB=0,0432

QB=4,32%

(14)
(15)
(16)

(17)

From the dimensionless unification of the fundamental interactions the density parameter for normal baryonic matter

is:
QB=el.as
QB=aw t-as?-1077
QB=2"1-gs- (e/7+e )
QB=2-NA-as-a-aG?
QB=2"e"107 aw (e"°+e)
0=2-10 'Na-e! aw-a-ac'’/?

QB=10"7ag"? as’> a-aw' -ac/?

4. Solution for the density parameter of dark energy

(18)
(19)
(20)
(21)
(22)
(23)

(24)

The fraction of the effective mass of the universe attributed to dark energy or the cosmological constant is
QA=0,73+0,04. With 73% of the influence on the expansion of the universe in this era,dark energy is viewed as the
dominant influence on that expansion. The previous history of the big bang is viewed as being at first radiation
dominated, then matter dominated,and now having passed into the era where dark energy is the dominant influence.

The density parameter for dark energy is defined as:

Ac?

QA - —2
3H?

The cosmological constant is the inverse of the square of a length L:

L=VAT
For the de Sitter radius equals:
Ry =3L
So for the density parameter for dark energy apply:
2
c
Q) =
RXH;

The Hubble length or Hubble distance is a unit of distance in cosmology, defined as:

LH=c Ho™



the speed of light multiplied by the Hubble time. It is equivalent to 4,420 million parsecs or 14.4 billion light years.
(The numerical value of the Hubble length in light years is, by definition, equal to that of the Hubble time in years.)
The Hubble distance would be the distance between the Earth and the galaxies which are currently receding from us
at the speed of light, as can be seen by substituting D=c-Ho™ into the equation for Hubble's law, u=Ho™-D.

So for the density parameter for dark energy apply:

_ Ly

Oy = 2
A 2

From the dimensionless unification of the fundamental interactions the density parameter for dark energy is:

Qn=2-el (25)
QA=0,73576 (26)
QA=73,57% (27)
So from expression (25) apply:
2-Rd*=e LH? (28)

Also from the dimensionless unification of the fundamental interactions the density parameter for dark energy is:

QA=2-cosa! (29)
So apply the expression:
cosa ' = &
2 (30)

So the beautiful equation for the density parameter for dark energy is:
Qr=e/+e/° (31)

The figure 1 shows the geometric representation of the density parameter for dark energy.

Figure 1. Geometric representation of the the density parameter for the dark energy

So from the expression (28)apply:



2
-1 LH
cos a = ey

(32)

The figure 2 shows the geometric representation of the relationship between the de Sitter radius and the Hubble

length.

Figure 2. Geometric representation of the relationship between the de Sitter radius and the Hubble length

From the dimensionless unification of the strong nuclear and the weak nuclear interactions apply:
e-as=10"-aw
as’=i?-10"-aw
QA=2:10"as-aw™
From the dimensionless dimensionless unification of the strong nuclear and electromagnetic interactions:
as- (e/%+e/%)=2i?
QA=2-i%-as?
From the dimensionless dimensionless unification of the weak nuclear and electromagnetic interactions:
107 aw- (e”%+eV%)=2-¢ i

QA=2-¢e-107 i%.aw?

From the dimensionless unification of the strong nuclear,the weak nuclear and electromagnetic interactions:

107-aw-(e/"+e*)=2 as
QA=2-10"-as -aw™
From the dimensionless unification of the gravitational and the electromagnetic interactions:
4-e%-a*-aG-NA’=1
16-0%-aG-NA?=(e/"+e"%)?

QA=4-a-aG"?-Na

From the dimensionless unification of the strong nuclear,the gravitational and the electromagnetic interactions:

4-as’-a? aG-Na2=i¥

(33)

(34)

(35)

(36)

(37)



a’-(e”%+e?)-as* ag-NAZ=i®
QA=i®-a?-as?-ac!-Na™2 (38)
From the dimensionless unification of of the weak nuclear,the gravitational and the electromagnetic interactions:
4-10"-aw? a?-aG-Na’=i*-e?
10 a2 (e”°+e?)?-aw?-aG-NA?=j®
QA=107-i*"at awl ac 2 Nat (39)

From the dimensionless unification of the strong nuclear,the weak nuclear,the gravitational and the electromagnetic
interactions:

as*=4-10"-aw?-a%-aG-NA?
8-107 Na%-aw-a? aG=as-(e/%+e9)
QA=8-10"-NA®-aw a?-aG-as-aw (40)
5. The ratio of the dark energy density to the Planck energy density

R. Adler in [18] calculated the energy ratio in cosmology,the ratio of the dark energy density to the Planck energy
density. Atomic physics has two characteristic energies,the rest energy of the electron Ee,and the binding energy of
the hydrogen atom EH. The rest energy of the electron Ee is defined as:

E. = mec2

The binding energy of the hydrogen atom EH is defined as:

mee?

2h?

Exn

Their ratio is equal to half the square of the fine-structure constant:

Cosmology also has two characteristic energy scales,the Planck energy density ppl,and the density of the dark energy
pA. The Planck energy density is defined as:

E,
Iy hG?

ppl ==

To obtain an expression for the dark energy density in terms of the cosmological constant we recall that the
cosmological term in the general relativity field equations may be interpreted as a fluid energy momentum tensor of
the dark energy according to so the dark energy density pA is given by:

B Act
PA = 8m@G

The ratio of the energy densities is thus the extremely small quantity:

Pa

(12
_9
ppl 87



The expression that connects the gravitational fine-structure constant ag with the golden ratio ¢ and the Euler's
number e is:

4e
a, =

x 10750 = 1, 886837 x 106! (41)
g 3\/5([)5

From this expression for the ratio of the dark energy density to the Planck energy density apply:

5
Pa _ 2¢% « 10-120

- (42)
Ppl 33

16. Conclusions

We proposed a possible solution for the density parameter of dark energy. From the dimensionless unification of the
fundamental interactions the density parameter for normal baryonic matter is:

QB=e"=i?=0,043214=4,32%
From the dimensionless unification of the fundamental interactions the density parameter for dark energy is:
QA=2-e1=0,73576=73,57%
We presended the formulas for the density parameter of dark energy:
QA=2-cosa™
Qr=e’/%+e /0
QA=2-i%-as!
QA=2-10"as-aw™
QA=4-a-aGY?-Na
QA=2-e-107 i*-aw™
Qa=i®-a?-as*-ac ! -NA™?
QA=107-i"-at-aw’ a2 Na™?
QA=8-10"-NA?-aw-a?-aG-as*-aw

For the ratio of the dark energy density to the Planck energy density apply:

2 —
PA 2679 o120

Ppi 337r(p5

Also we showed the geometric representation of the density parameter for dark energy and the geometric
representation of the relationship between the de Sitter radius and the Hubble length.

References

[1] Pellis, Stergios, Unification Archimedes constant m, golden ratio ¢, Euler's number e and imaginary number 1
(October 10, 2021)
http://dx.doi.org/10.2139/ssrn.3975869

[2] Pellis, Stergios, Exact formula for the Fine-Structure Constant o in Terms of the Golden Ratio ¢ (October 13,



2021)

http://dx.doi.org/10.2139/ssrn.4160769

[3] Pellis, Stergios, Fine-Structure Constant from the Golden Angle, the Relativity Factor and the Fifth Power of the
Golden Mean (September 5, 2022)

http://dx.doi.org/10.2139/ssrn.4247343

[4][ Pellis, Stergios, Exact expressions of the fine-structure constant (October 20, 2021)
http://dx.doi.org/10.2139/ssrn.3975861

[5] Pellis, Stergios, Fine-Structure Constant from the Madelung Constant (July 27, 2022)
http://dx.doi.org/10.2139/ssrn.4174644

[6] Pellis, Stergios, Fine-structure constant from the Archimedes constant (October 11, 2022)
http://dx.doi.org/10.2139/ssrn.4245208

[7] Pellis, Stergios, Exact mathematical expressions of the proton to electron mass ratio (October 10, 2021)
http://dx.doi.org/10.2139/ssrn.3967998

[8] Pellis, Stergios, Unity formula that connect the fine-structure constant and the proton to electron mass ratio
(November 8, 2021)

http://dx.doi.org/10.2139/ssrn.3963425

[9] Pellis, Stergios, Theoretical value for the strong coupling constant (January 1, 2022)
http://dx.doi.org/10.2139/ssrn.3998175

[10] Pellis, Stergios, Exact mathematical formula that connect 6 dimensionless physical constants (October 17, 2021)
http://dx.doi.org/10.2139/ssr.3963427

[11] Pellis, Stergios, Unity formulas for the coupling constants and the dimensionless physical constants (January 7,
2022)

http://dx.doi.org/10.2139/ssrn.4003636

[12] Pellis, Stergios, Dimensionless Unification of the Fundamental Interactions (August 27, 2022)
http://dx.doi.org/10.2139/ssrn.4201780

[13] Stergios Pellis Unification of the fundamental interactions (2022)

DOI: 10.13140/RG.2.2.12296.70405

[14] Stergios Pellis Unification of the Fundamental Forces (2022)

DOI: 10.13140/RG.2.2.33651.60967

[15] Pellis, Stergios, Dimensionless Solution for the Cosmological Constant (September 14, 2022)
http://dx.doi.org/10.2139/ssrn.4219292

[16] Stergios Pellis Unification of atomic physics and cosmology (2022)

DOI: 10.13140/RG.2.2.11493.88804

[17] R. Adler Comment on the cosmological constant and a gravitational alpha (2011)
https://arxiv.org/pdf/1110.3358.pdf,

[18] Otto, H.H. (2022) Galactic Route to the Strong Coupling Constant as(mz) and Its Implication on the Mass
Constituents of the Universe. Journal of Applied Mathematics and Physics, 10, 3572-3585.
https://doi.org/10.4236/jamp.2022.1012237

[19] Pellis, Stergios, Maximum and Minimum Values for Natural Quantities (December 10, 2022)
http://dx.doi.org/10.2139/ssrn.4306280



