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ABSTRACT

A problem of the connection of cosmology with elementary particle physics is shown on the
level of uncertainty relations. At the scales about 107 m the contribution of one single type
virtual elementary particles in the lower boundary of vacuum energy is considered. The observed
value of vacuum energy or energy density on the large scale of the Universe corresponds only to
this scale. This is the energy about 3.34 GeV per each one cubic meter. The minimal high energy
physics scale achieved by experiments at present is considered. The lower boundary of the
energy is generated by the quantum vacuum of empty space and the quantum vacuum limited by
matter in the Universe mainly at scales down to 10"° m and more much are not in agreement
with the observed value, as that is established. These lower limits for the energies of the vacuum
are considered in the model of estimating where they generate by the presence of virtual particles
in free space and the virtual particles which are limited by matter and exist together with matter
in the Universe. The numerical values of the boundary energies are obtained using the computer
algorithm.

INTRODUCTION

The Heisenberg uncertainty principle is the fundamental principle of the quantum
mechanics. Written down for any pair of conjugate quantities uncertainty relation follows from
the commutator of these quantities. Uncertainty relations can be used for the assessment of
quantities not having certain values in this quantum state via the determination of classical
quantities in this state. The description of the motion of quantum particles in such a way
becomes possible due to wave-particle duality or wave-corpuscle dualism. Such assessment has
been given in [1] for the energy of the particle in the first Bohr orbit and the radius of the first
Bohr orbit expressed via momentum of the particle which does not have certain value. This
approach has been applied to hydrogen atom, and the formula gained from the uncertainty
relations coincided with the formula for the energy of the particle in the Bohr atom theory.

In turn, the Bohr atom theory can exist due to the existence of wave-particle duality. The
assessment of some quantities on uncertainty relations has to give the correct order coinciding
with the conclusions of the theory of a quantum system, for example, Bohr atom theory or
Schrodinger theory. Consideration of fundamental laws in quantum theory on uncertainty
relations for specific quantities in the order of the magnitude of these quantities is justified. The
wave-particle duality allows an using the classical laws of motion for particles at the quantum
level. Quantum effects taking place at the quantum level remain at this level due to interaction is
at this level. This interaction leads to the spatial limitation of quantum particles happening,
usually, in the electric or/and the magnetic field(s) of other particles which make small in
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particle duality gives the possibility for the existence of the description of particles’ scattering
known as Rutherford's theory, where quantum particles are considered as point-like particles
moving on classical trajectories.

1. Uncertainty Relations As An Approach To Assess The Observed Energy Of The
Universe And The Modern Achieved Threshold Of Energy

The represented approach is acceptable when quantum particles are considered, but
nevertheless the classical idea of particles is necessary. By means of such theory one can assess
some quantities appearing in "right theory". This theory containing at the same time classical and
quantum description is applicable like, for example, the Bohr's theory for hydrogen atom, and is
true due to the existing of the wave-particle duality. Consider the uncertainty relations for
momentum and coordinate

Ap Ax > g . (1.1)
The relation (1.1) is applicable for one particle so that the uncertainty of the coordinates of
particle is the width of the wave packet along the axis x, and the corresponding uncertainty of
momentum is the width of the wave packet in momentum space along the same axis [2]. This
relation can be applied for real particle or virtual particle. Virtual particles, according quantum
field theory (QFT), fill the vacuum everywhere and always. An approach considering in this
paper employs only the quantum vacuum of the quantum electrodynamics (QED), where it is
taken virtual electron-positron pairs and quantum photon vacuum is outside of the consideration.
The vacuums, generated by other matter particles and fields of other fundamental interactions are
to be the part of consequent work. If the vacuum is filled by virtual particles, one can imagine
one single virtual particle in the sizes of its, limited by interaction on the quantum level, wave
packet, then expanding the model, according the concept of vacuum, on all space of the Universe
by translation this cell for the all directions and the arbitrary distances of space, it can be gained
the simple approximate model of the fraction of real vacuum. Thus, this uncertainty relation as
correct for one particle will not lose force in the case of the large number of virtual particles in
the vacuum. So, one can use this relation for the vacuum, then, the first, it is needed to care that
the average value of every component of momentum (and energy) must be zero:

(p)=0, (1.2)
(E)=0, (1.3)
that is justified for vacuum. This can be achieved by placing the middle of the corresponding
interval exactly at the point zero on its axis (see fig. 1). If that, the value p, for the momentum

can be used to express the uncertainty interval of the momentum through this value
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Ap=p,-p; (1.4)
where p, =—p, and one can get

Ap =2p,. (1.5)
The second, it is necessary to choose the detecting values of the uncertainty intervals, because
the interval of uncertainty does not imply the certain value of corresponding quantity. One needs
to give a value to the quantity which can give a value within the interval owing to the detecting
or the measurement in the general sense of word, according the wave-particle duality, applying
to this case and according the limit transition to the classical/quasiclassical physics. Let will be
chosen the maximum values of the uncertainty intervals in momentum space as detecting values
to get the maximal possible energy of the vacuum, and these intervals in such a way can be
expressed via this value (see fig. 1). This will show an upper limit for the energy exists. For
vacuum is essential energy but not momentum, therefore one can pass from the maximal value of
momentum according to (1.1) to the maximal value of energy corresponding this momentum on
the formula of special theory of relativity
E} = pic* +m’c? (1.6)
in the inequality expressing the values p, from (1.1), according (1.5) and collecting them as it is

required in (1.6). At that as it is accepted in such assessments, one doesn’t need to use virtuality
for virtual particles to be taken into account, they are thought like real particles. It is also going
to use the equality condition of the momentum components. As a result of simple applying the
similar inequalities to each other one can receive the uncertainty relation for the energy and the
all location uncertainties along each of 3 space axes

2.2
Ezzhlg (AiZ+A12+A;j+m2c4, (1.7)
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At this stage it is needed to choose a form of the virtual particle wave packet. Now the
wave packet has the form of rectangular parallelepiped. As was considered above this
uncertainty relation can describe not only one particle and the vacuum as whole. This is actually
for the inequality for the energy density. From here it can be determined the scale of the
observed cosmological energy density. For this put

Ax=Ay=Az, (1.10)
so it was chosen the cubic form of the wave packet or cell of the vacuum. As the vacuum energy
according observation is positive, one should take the inequality with positive energy

mc? 3
w, > Ax" +mict . 1.11
A \/ 16 Ax? (11D

The energy density here is the observed cosmological energy density, which follows from the
cosmological constant [3] on the formula [4] and has the value in SI




c* w0 J GeV

w, = A=534-10" —=334—-. (1.12)
&7G m m
Then, it can be gained the following inequality of eighth order
At —wilimictAx’ —%hzczw;2 >0, (1.13)

(for one single type of particles) which must be reduced to the number inequality, and must be
chosen acceptable solution (real, positive). Further it is laid Ax =/. Thus, one gains this scale
[>0.054m. (1.14)

Then the minimal energy of such virtual particle, i.e. particle having this lower limit of linear
uncertainty one can gain having multiplied the volume of this scale by the energy density (1.12):

E,=Pw, =841-10"J=0.53MeV . (1.15)
It is well-known that the modern high energy physics is gone down to 10™® meters scale
[5] (for instance, one can take 6.18x10™"*m ), which according the assessment

2.2
Wyp ZIHZP\/hl—glzi+m2c4 (1.16)
HEP

(‘HEP’ is ‘High Energy Physics’) gives the energy density only at this scale and only for one
single type of particles, a number

wHEP21043L3. (1.17)

m

It leads to the conclusion that the contribution of the quantum vacuum in the cosmological
energy is insignificant. One can get relative error between these numbers and calculate that the
energy density of real electron-positron vacuum on the 53 orders of magnitude lower then it must
be on the confirmed in experiment
theory. This fact as was shown in

manner of this article is yet known as the SE
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2. Uncertainty Relations As An Approach To Assess The Energy Of The Free
Quantum Vacuum And The Energy Of The Vacuum In Presence Of Matter

2.1.  The General Consideration

Considering structure of the vacuum, the mechanism of the processes in which was
provided by P. Dirac, the problem of description an interaction any type of vacuum with matter
(not vice versa in this context) comes down to the problem of the limitation of vacuum virtual
particles. The problem can be addressed, as the author offers, like the problem of the limitation
of the real electron in an atom, by consideration the virtual electron of the electron-positron pair
in an atom, i.e. in the electric field of atomic nucleus. Atomic nuclei are enough massive, so that
them location uncertainties, therefore, must be small; as the vacuum polarization effect and the
vacuum limitation by matter effect must act simultaneously. The vacuum limitation by matter
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effect or simply the vacuum limitation effect is the name for a new effect of the reducing of sizes
of wave packets vacuum virtual particles creating near strong condensed matter, and can be
found as yet one phenomenon of QFT from the qualitative analysis. This effect is explained by
the quantum nature of the virtual particles of vacuum. The virtual particle is described by wave
function, maximum(s) of which can be localized, like in the case of the electron in atom. Such
matter field or wave function has much strength with non-zero strength gradient.

The elementary particles of matter are also offered as such natural limiting structures,
when they are localized. For example, the electron can limit vacuum energy density by its own
electric field. If to consider the naked electron (i.e. the point without the field), according the

. .. . ke
formula for the strength of the electric field of the electron in its coordinates: £ =—, r =0, the
r

strength of the field will be equal to infinity E =oo. Thus, the strength of the field in the
coordinates of the electron limits the vacuum, so that the energy density of the vacuum is equal
gE* & k’e’

to infinity as well as the energy density of the electric field of the electron: w = =5
r

b

r=0and w=o.

The electron in its coordinates limits the wave function of the virtual particle of the
vacuum to the zero sizes, so that the vacuum energy density is equal in this point to infinity. And
it is not surprising, the electron in the modern physics is considered as the point-like particle, is
the singularity with infinite space-time curvature and the characteristics of density (the energy of
field, mass). Also and that is important, the electron limits the wave functions of the virtual
particles of the vacuum at any distance from its coordinates. But, apparently, the greatest
contribution in the energy density is made by the vacuum particles limited near the electron.

Any particle, for example, proton or atomic nucleus can limit vacuum particles, and not
only electrons.

The calculation of the scale for the observed energy density of the vacuum which is
performed above is not accurate, as matter, which limits the vacuum everywhere, is not
considered. It is necessary for the correct calculation to consider the density (and quantity) of
matter in the Universe which limits the vacuum. The formula (1.8) or equivalently (1.9) does not
change, but on one’s representations, gained from the qualitative analysis of the problem, matter
will lead to the effective reducing of the considered scale on the value A/ making up the new
scale on which the energy/energy density is set without matter. Though matter has small location
uncertainties, it is not localized with absolute accuracy, singularities in the coordinates of
particles do not exist, they are cut out from the picture of matter, in which they can
asymptotically be for the simplicity of the model.

So, the lower assessment of the energy density existing due to the virtual particles on the
scale / in the free vacuum gives by the formula

2.2
w, (1) > h—c%+mzc4
16 |/
‘w,” has brackets to mark the dependence of the assessment. And in the vacuum containing
matter the scale / must be effectively reduced, so that the assessment will give by the formula
2.2
w, (1Al =w,, ()2 (1-a1)" |3 et (2.12)
16 (1-Al)

: (2.1.1)

‘v’ means ‘vacuum’ and ‘m’ means ‘matter’.
There exists in the quantum mechanics the uncertainty relation for energy and time,
which is suitable for this reasoning. It has the view



AEAt zg, (2.1.3)

here AE is the uncertainty of the energy, which a quantum system can have and Af is the
lifetime of virtual particle-antiparticle pair before annihilation and vanishing. From this point of
view the pair can have any energy which hits the arbitrary uncertainty interval of the energy, if
the temporal interval is enough short. Concretely, one can arbitrary increase the energy interval
decreasing the lifetime and vice versa. Note, that the relation (2.1.1) is correct only for virtual
particles, as it is written for energy density, and the relation (1.1) is correct for virtual and real
particles.
The uncertainty interval for energy according (1.3) is arranged like the momentum
intervals (see fig. 2), therefore it is correct
AE =2E,, (2.1.4)
and it 1s implied that the value of the energy E,, the maximum value of the uncertainty interval

is the detecting value.

As was mentioned above the vacuum polarization effect and the vacuum limitation effect
act simultaneously, but both these effects act much more considerably when the virtual pair
electron-positron creates exactly on the axis, on which the nucleus and this pair are lying so, that
the virtual electron is closer to the nucleus and the virtual positron is far from the nucleus. The
energy E, in (2.1.4) and in (1.6), (1.7) and (1.8) is the same energy. Hence, one can employ

(2.1.3) for the theory.
If At is the lifetime of the pair, it must approximately be correct

VAt =2s, (2.1.5)
where v is the velocity of the electron, s is the half of the passed distance by the electron. This
formula is approximate unless to think that the velocity of the electron must really be variable, so
that its motion is accelerated. However, in this approximation one can think that the virtual
electron moves in average uniformly. A challenge is determination an effective reducing of the
scale, caused by presence of matter in space. This can be done using simple 2D geometry. The
first, it is needed to place reference matter — the proton or another nucleus, as they are heavy and
have the small sizes of the wave " ) E
packets in location space, in the picture ¢ g-anp2 2
of this phenomenon (see fig. 3). Near
the nucleus the pair electron-positron
creates exactly on the axis or the line + 2 e
connecting the proton, the electron and
the positron. The electron is located

near the proton and the positron is far
from the proton. This creates a model
which is justified due to that in real electron-positron vacuum virtual pairs create in all
directions, i.e. along any axes, but for the quantum polarization effect are significant only dipoles
which are located on the axes or the rays going from the charged center, i.e. the particle, and
other directions are not instantly contributed in the effect. The directions whose projections on
the rays going from the center are not equal to zero contribute as dipoles of least dipole moment.
And for the vacuum limitation effect everything is effectively the same as for the vacuum
polarization effect, the first, the rays directions are preferable for the effect with the condition
that electrons should be created near the proton or nucleus and virtual positrons — far from the
proton. Otherwise the pair is going to annihilate much more quickly than in the case of the right
orientation of the pair. The second, if the direction has zeroth projection on the ray, such pair is
going to be rotated from this orientation owing to the electrical force, acting on the electron to
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attract it and on the positron to push away it from the particle. Thus, as it is seen, this case is
going to be transformed to the intermediate case with nonzero projections on the rays or even to
the case which is implied the pair, lying exactly on the ray. These resulted cases are justified
only on the enough distance from the proton, for the pair must be able to rotate, it must have
enough free space before the pair vanishes. The third, if the pairs create not exactly on the rays,
this is intermediate case, they contribute as dipoles of least dipole moment in dependence on the
angle between the corresponding ray and the axis on which the pair lies. Also in this case they
are going to rotate to the rays directions as far as they could do it for them lifetime. In any case a
model which the author offers is the first approximation and it is justified.

When the electron lying on the axis approaches to the proton in the time of scattering at
once after the creation, the wave packet of the electron begins to move between the strength lines
of the static electrical field of the proton coming nearer to the charge center. Now the dispersion
of the wave packets of the virtual particles is not taken into account. In the process of that motion
the electron’s wave packet is reducing and it moves only between the same electrical field
strength lines (see fig. 3). At that even if one takes into account the dispersion of the virtual
matter waves, the positron moving away from the proton can increase the sizes of its wave
packet and by that could decrease the vacuum energy. And the electron considering at an account
of the dispersion nevertheless is going to reduce the sizes of its wave packet, so the dispersion
will be suppressed by the tightening of the electron into the considering singularity between the
same strength lines, i.e. actually by the vacuum limitation effect. The electron will move in such
a way up to the certain limit of distance and it will turn back to the positron to annihilate. This
limit from the center of the electron’s wave packet to the center of the proton is designated as r .
The electron goes the full way 2s, i.e. in the one direction from the positron to the proton and in
the opposite direction to the positron and from the proton for its lifetime Af. In the initial state
the electron has the linear sizes of its wave packet /, in the point of the maximum removal from
the creation point it has linear sizes /— A/, the corresponding angles are seen on the Figure 3,
and the reducing of the linear sizes of the electron’s wave packet is designated as A/, and this is
the required effective reducing of the scale generated by matter.

So, basing on the picture and using (2.1.5) one can gain the formula

Al =vAttan(gp). (2.1.6)
Also the following formula can be gained using Figure 3
[-Al
tan (@) = . 2.1.7
(2)=—, 2.17)
Combining these two formulae, one gets the formula
Al = ! . (2.1.8)
2r
I+—
VAt

Expressing the lifetime from (2.1.3) in the form of inequality and using (2.1.4), simultaneously
expressing the lifetime from (2.1.8), and collecting this all in the one single inequality, one can
gain the inequality

vﬁﬂ. (2.1.9)
()
Al
Further it is laid
E,=F, (2.1.10)

for the energy in (2.1.4) and in (1.6); energy entering in (1.7) and in (1.8) is the same. The
following formula of special theory of relativity will be needed



p=—o-. (2.1.11)

Multiplying the inequality (2.1.9) by the energy E and dividing it into the squared speed of light
one can gain the inequality

2
vE< 8E°r

T =T 7 7 N
¢ hcz(l—l)
Al

where it is thought £ > 0. Using (1.5) without index 2 in (1.1) and the similar inequalities for the
other space components, expressing the momentum from these inequalities, equating the right
hand side of (2.1.11) and the gained vector expression, one can take normalization operation in
these inequalities and can gain the inequality

(2.1.12)

—_—>——. (2.1.13)
Coupling (2.1.12) and (2.1.13) one gets

2
Ba _vE__ 8Er 2.1.14)

<—<
4l ¢ hcz(l—lj
Al

At=—2" (2.1.15)

Expressing At from (2.1.8)

it is seen, for it must be Az >0, the following inequality must be executed
[>Al. (2.1.16)
Taking the positive part of (1.8) and taking into account (1.10) it can be gained the

assessment
22
EZ,/h ¢ %+m2c4, (2.1.17)
16 |/

also using (2.1.15) in (2.1.3) at account (2.1.4) it can be gained the assessment
Ezﬂ(i—lj. (2.1.18)

It is needed to suppose the equality between (2.1.17) and (2.1.18). Equating them, one can solve
this algebraic equation for the velocity of the particle

-1 22
VZS_F(L_IJ LEEROPY (2.1.19)
n Al 16 1

Now the velocity v is expressed via /, Al and r variables. The using (2.1.19) in (2.1.13) can
give yet one assessment for the energy

2 2 2 2 0
PR (L_lj e 3wt (2.1.20)
32 4 \a )16 1

Also one should suppose the equality between (2.1.17) and (2.1.20). Then, solving the gained
equation for the scale reducing, one gains
3

31+ 67+ 3211

Al =

— (2.1.21)
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Having gained the result (2.1.21) for the effective vacuum scale reducing by matter one can
check the inequality (2.1.16), and it is seen from here that this inequality-condition is executed.

The result (2.1.21) must be substituted in (2.1.2) for one single scale / and distance r to
the proton or nucleus or much localized heavy particle. It is obvious that in reality all the scales
exist and all they contribute to the vacuum energy/energy density. If to take into account this fact
and that as was described above about any orientation of the axis of the pair’s scattering, one
needs, the first, to sum each the right hand side of (2.1.2) inequality for its own scale or linear
size of the electron’s wave packet /, to take into account all the scales. Further it is needed to
insert some important remarks. One considers only the ‘right’ orientation of the electron-positron
pairs, namely, negative charge must be in the hemisphere turned to the positive-charged matter
considered. Also one considers only an increasing of the vacuum energy, which happens when
the virtual electron attracts to the proton, decreasing sizes of its wave packet, and the moving
away positron, as was said above, decreases or at least does not change the vacuum energy, when
it increases sizes of its wave packet. So, the moving away positron once after the creation of the
pair might have the negligible addition to the vacuum energy (it is possible) like the coming (to
the electron) positron for annihilation. The coming positron decreases sizes of its wave packet
only to its former sizes, when it was just created, and the electron, which has been so in detail
considering in this paper, when it goes back to the annihilation point, is increasing the sizes of its
wave packet that might slightly increase of the vacuum energy (it is possible). This is because
the electron yet had the reduced sizes of its wave packet when it was scattering together with the
positron from the creation point. Such increasing is smaller than the former sizes of the
electron’s wave packet. Of course, this all must be taken into account in the accurate calculation,
which will be done in consequent work. However, the positron in this situation like the electron
in empty space (without matter) contributes to the vacuum energy that was seen from the Section
1. Further the previous will be discussed. The second, because the axes can have arbitrary
orientation remaining in the right hemisphere, they have any projection on the corresponding ray,
so that the projection can vary from zero to maximum value 2s lying exactly on the ray, and this
is the dipole without taking into account the rotation of real dipoles in the static electrical field of
the nucleus. Thus, this dipole-projection has, like the ray dipoles, the distance to the nucleus, i.e.
it is on the distance from the nucleus to the center masses of the dipole. So, as in this model all
the dipoles lay exactly on the rays, to gain the full energy density one should sum every
component of the sum in the first step varying the distance » from the least value at which the
considering model is applicable to the maximum value at which the model is still working.

As well-known 3D space in the usual physics is continuous, therefore the scale / varies
continuously, and the sum, about which was said in previous subparagraph actually must be
replaced with an integral. But if one does that, a problem is appeared, because the integral is
actually a sum with differential that changes the dimensionality of the quantity and adds this
unnecessary difference. It is needed only the sum, but the sum must be continuous. This problem
can be resolved by consideration of the definition of integral

jf(x)dx = }}E}OZN:J‘(%)A&- : (2.1.22)



b—a

p  Where Ax, = . The last
N

AT r has the additional

dimensionality x due to the

(J-AD/2 difference b—a. The segment

/ Ax; can be taken out from the

(I-Aly/2 brackets of the sum and it in
limit is infinite  small,
therefore one should divide
the integral into the step A/ to
restore the right
dimensionality and only the

fig. 4 — Meridian slash of the one layer of the concentric ball layers sum to l?e left. But a new
packaging problem is appeared, namely,

in continuous space the step
Al must go to zero, so that one gains the infinite expression and correspondingly the infinite
vacuum energy. Thus, on this stage it is needed to suppose not continuous, and discrete physical
space with minimal in average in all the directions (because the discrete structure of space
implies anisotropy on fundamental scale) length, which one chose the Planck length /,. The

Planck length is determined by fundamental physical constants

[, = g (2.1.23)
c
and has the value
l,~1.62:10"m. (2.1.24)

Thus, the continuous sum can no more be continuous, and represents the discrete sum equal
approximately to the continuous integral divided into the Planck length. The integral on scale /
can be restricted as

1€ [Lins L ] (2.1.25)
or if integrand decreases rapidly enough

le[l ), (2.1.26)
that is not meaning the Universe must surely be infinite. And one has the restriction

re [rmin ,rmax] (2.1.27)

for a while. As it is seen one gets an integral with at least one infinite limit.
Above it was described one virtual pair and, correspondingly, one virtual electron. The

found lower estimation (2.1.2) is assessment for the energy density w,, (l ) which can describe

one single wave packet or all a universe consisting of such wave packets in each cubic cell of
space. It is clear that this can’t describe the real Universe. At this stage one needs to describe
location or spatial packaging of the virtual particles. One must consider one single atom or heavy
and well-localized particle with certain vicinity. Within this atom one considers spatial cells in
which virtual particles are. The cubic structure of the vacuum virtual particles in space is not
completely acceptable. Actually, the most convenient for the representation and description of
particles packaging is a concentric ball layers. So that, particles can be in this layer up to full fill
it for each layer of arbitrary thickness and distance from the center of spheres. A shape of the
particles’ wave packets is thought a spherical or almost spherical. In the Figure 4 is pictured such
one flat layer with the balls of the particles’ wave packets on the zeroth meridian of the ball. One
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needs to package all the balls of the wave packets in each one and all ones these layers as much
as they are gone in each such layer. This must be calculated geometrically. As well-known the
side of regular tangential polygon is given by the formula

r
by =2Rtan [ﬁj . (2.1.28)
As, the perimeter of such polygon
L=Nb, =2NRtan (%) . (2.1.29)
Also according the Figure 4, the perimeter is equal
L:N(I—Al). (2.1.30)
Equating (2.1.29) and (2.1.30), one gains
l—Al=2Rtan(£j, (2.1.31)
N

where the radius of the inscribed circle can be calculated from the Pythagoras’ theorem, using
Figure 4

R=,|r —%(I—Al)z : (2.1.32)

Thus, N is the number of the sides or the number of the vertices of the polygon and it is the
number of the balls, because the center of each ball is located exactly on the vertex of the
polygon. It is gained the equation for N

T 1 2
[—Al=2tan| — T_—(1-AlI) . 2.1.33
an(Nj r 4( ) ( )
From here
N= d . (2.1.34)
[—Al
arctan

24 —0.25(1- A1)’

On the Figure 4 is
pictured 2D projection on the
meridian  plane  of  the
considering real 3D model of
the virtual particles packaging.
One needs to understand how
many balls are going to go in
one single arbitrary concentric
ball layer. To understand this, it
is needed and sufficient to
consider an equatorial slash of
the 3D picture, pictured on the
Figure 5. The meridian section
is included, then, at changing
the azimuthal angle all the
sections, t_he flat circles are fig. 5 — Equatorial slash of the one layer of the concentric ball layers space
summed without the polar balls around a particle is parted on
which were considered in the
zeroth meridian flat circle. The balls on the equator go in twice, that is why one needs the
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multiplier 7. So, it is needed to sum N —2 balls as many times without considering in projection
on the equator two meridian balls and without duplication, i.e. using the one-half multiplier as
they go in. Therefore, one gains the full number of the balls (wave packets) going in the one
single arbitrary ball layer

(N-2)°
A:N+T. (2.1.35)
It is useful to simplify this result
2
A=N7—N+2. (2.1.36)
At that the thickness of the ball layer is
o=I[1-Al, (2.1.37)
the radius of the most sphere and the radius of the least sphere correspondingly
p2:r+%(l—Al), (2.1.38)
plzr—%(l—Al). (2.1.39)

2.2.  The Theoretical Vacuum Energy In Presence Of Matter, The Theoretical Free
Vacuum Energy And The Observed Vacuum Energy

If w,,,, (1) is multiplied by (/- Al )3 , it can be gained the energy E,,

v+m

with the side [ —Al, i.e.

in this cell of space

m

E,., =w,, (I-Al). 2.2.1)
Let it be designated
E, =E“. (2.2.2)

If [ is fixed and r is arbitrary, then, according the considered geometrical model of the vacuum
near matter, its energy will be equal

E, =N, AE“" (2.2.3)

v+m 2

where N, is the number of atoms in the Universe, and here each ball is now thought being in a

cube with side /—Al. The energy (2.2.2) like the energy satisfied positive part of (1.8) at
condition (1.10) not necessarily can relate to the cubic wave packet of the virtual electron, it can
correspond to a ball-shaped wave packet as well. In the model described in this work it is thought
that the wave functions of virtual particles at the constant scale / are not overlapped. Therefore
the distance » must change discretely, to do not allow the wave functions are overlapped. As
was noted yet, radii the most and the least spheres are set by formulae (2.1.38) and (2.1.39); with
the substitution »=r, . and holding /=const that is related to the first ball layer, where

r.. =const and this radius is the introduced value. The next distances can be calculated by
consistent solving of the system of the algebraic equations

A (1:0) = s (1ins1)s 5 (7101) (22.4)
pl(rzal):pz(rlal)a pz(rzal)’ (2.2.5)
,01(7’3,1)=p2(7’2,l), pz(rpl)a (2.2.6)

and so on, for 7, r,, 1, and so on. Now / can be variable. Range of / is (2.1.25) or (2.1.26),

where /. >0 means the ultraviolet cutoff. The full vacuum energy near matter for one single
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type of particles (particles with them own antiparticles, the pairs) according to the all said above
now takes the form

B = [ 2 E (L, (2.2.7)

P n=

min

where r, =7, . Then, the estimation for the full vacuum energy near matter takes the form

© o 2 2 2
EY zijZN M—N(z,rn)+2 fre 3 _mictdl,  (2.2.8)
16 (1-al(1,1,))

where N(l,rn) is defined by (2.1.34), Al(l, rn) is defined by (2.1.21) and discretization of r, is

defined by the system of equations like (2.2.4) — (2.2.6). The infinite sum in (2.2.8) can be
reduced to an approximate finite sum if one takes into account the sizes of real atoms. The
experimentally determined sizes (radii) of atoms have values in the range 30 pm — 300 pm +5

pm [7], where 1 pm is the picometer, as 1pm =1-10""m, the minimal value has hydrogen atom

25 pm and the maximum value has cesium atom 260 pm, and the most heavy atoms existing in
the Universe such as uranium and plutonium have a value 175 pm with accuracy +5 pm [7] (1 A
=100 pm).

Thus, basing on the Section 1 and the current section of this paper, the full vacuum
energy in the Universe with one single type of virtual particles (with them own antiparticles)
taking into account matter existing in the Universe and empty space without matter takes the
form

E,=EY +EY

v+m

(2.2.9)

) is the full vacuum energy in empty space of the Universe. The energy E © g already

v+m

where EU

found, to find the energy Eio) it is needed to multiply the minimal value of (2.1.1) by the volume
of one single cell, in which the energy is; and one finds the energy in one single cell of empty
space at fixed /
E, =Pw,(I). (2.2.10)
Analogously to (2.2.2), let it be designated
E, =E“", (2.2.11)

v

The energy density w, (Z ) in the inequality (2.1.1) describes one single cell of space or all empty

universe at fixed scale /. To take into account all the scales, one needs, like it was done in
(2.2.7), to integrate the energy density entering in (2.2.11) over all the scales, and, as it was
discussed above in the relation of the definition (2.1.22), one needs to divide this integral into the
Planck length /, to gain the approximate result (see the text above related to (2.1.22)), i.e.

wo =L [ wat, (2.2.12)
lP lmin

the range of / can be taken from (2.1.25) or, as it was done here, from (2.1.26); and the spatial
ultraviolet cutoff / ; was used. It is needed to note that here the space is thought discrete as

well. Thus, now it is thought that the energy densities w, and w&o) describe all empty space of a

universe. To gain the full vacuum energy of empty space of the Universe (the part of all the
space), one should multiply the energy density (2.2.12) by the volume of empty space of the
Universe

EY =w . (2.2.13)

N
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Then, the assessment (2.1.1) for the full vacuum energy of empty space of the Universe will be
h2c2 3

+m’ctdl. (2.2.14)

Basing on (2.2.9) the estimatlon for the full vacuum energy can be gained and takes the form

2 22
E, >_jZN ) — - N(l,r,)+2 he > s+m’ctdl+  (2.2.15)
16 (1-Al(1,7,))
2.2

+— Vj I” e %+mzc4dl.

[, 16 [
Now in the formulae above the energy density of the space cell relates to the cubic wave packet
of the virtual particle that is not natural enough. Not only energy can describe the both types of
wave packets, are cubic and ball-shaped, energy density can also be transformed allowing it to
correspond to ball-shaped wave packets as well. Any energy density in this work consists of
energy divided into volume in which this energy is distributed. As already was said, energy is
invariant to changing between cubic and ball wave packets, this means that it is needed to
transform only volume into which energy is divided. Now, one has the volume of a cube with
side / or /—Al, to consider the volume of a ball one should multiply the volume of a cube by
7/6 in all the formulae for energy density.

1

mln

In this paper the vacuum energy distributed only in average on chemical elements
existing in the Universe has been estimating. The accurate calculation considering the vacuum
energy distributed on the quantities of chemical elements existing in the Universe will be the part
of consequent work.

One defines the average number of particles in the following way

N, =2y (2.2.16)
m

av

where p, is the average density of matter in the Universe; V, is the volume of the Universe;
m,, 1s the mass of one average particle in the Universe. Each particle gives rise the spherical

vicinity around itself. The volume of vicinity is the volume of atom, thus, the volume of all
matter in the Universe can be calculated on the formula
V.N,=V,. (2.2.17)
As well-known the average density of matter in the Universe is equal to the critical
density (the error makes up about 1%) [3, 4]

Lo = P> (2.2.18)
2
p. = sz , (2.2.19)

where H is the Hubble constant [8]. It is required to calculate the mass of the average particle. If
that how many each sort of atoms are in the Universe is known, then the number of all heavy
well-localized particles and atoms is known as well, to find the mass of the average particle, one
must sum the multiplications of the masses of the particles of each sort by the numbers of the
particles of these sorts to find the full mass of the Universe (the mass of all matter in the
Universe) and one must divide this total mass into the number of all particles, as a result the
mass of the average particle will be found; for atoms it will have the view
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93
kaNk

= (2.2.20)

2N,
k=1

where m, is the mass of k-th nucleus of this chemical element, N, are the numbers of atoms in

the Universe numbered by index &, 93 is the number of the natural chemical elements.
One receives the expression for the estimation (2.2.14) of the vacuum energy density
related to the part of the Universe without matter

2 2
EO > Ly _me (3n* +16m*c*12,) 16+% —6Am* R, . (22.21)
lP 36h lmm mc min
It is possible to suppose
Lin = 1p (2.2.22)
if one does that, the assessment (2.2.21) takes the form
? 3n?
EO > 1, 2| (302 +16m°c*2) [16 + ——— —64m>C*1 22.23
YT 36RL ( ”) mc’l} ( )
Actually, the volume of the Universe is
V,=V.+V,. (2.2.24)

Hence, if V, is not known (not observed), the volume of all empty space can be expressed from
here

V.=v,-V,, (2.2.25)
where V), is the volume of the observed part of the Universe, which can be assessed from

observations. The volume of matter also is known due to that the full number of atoms in the
Universe has been assessed as well. If one accepts hypothesis (2.2.22), substituting (2.2.25) in

(2.2.23), considering the values SI for m, ¢, h; [, is (2.1.24), V,=3.5-10"m’ [9],
N, (}H) =10" [10] (if to think that the all atoms are hydrogen atoms), VA(}H) =6.55-10""m’

(diameter d ( iH) =2-25pm =5-10""m), the lower number estimation

EY>232.10"7. (2.2.26)
This value is absolutely far from the observable value
EO =1.87-107'7, (2.2.27)
calculated on the value (1.12) on the formula
EV = (v, =V, ) w, - (2.2.28)

It is seen that only in free space the divergence is 122 orders of magnitude, this is the
cosmological constant problem, with the hypothesis of discrete space.

2.3.  Features Related To The Model

In the concept of discrete space is not well-understood how matter moves through this
space. If one considers one point particle, that it can move by jumps from one point to another
divided by the Planck length in the all three directions. At that the fundamental quanta of space is
the cube with the Planck length side. For point particle time interval between jumps does not
exist, and particle can be in this point, the vertex of the cube or be in other vertex, that particle
can do jumps instantaneously. This may not be said for macroscopic bodies, they can move
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through that discrete space with varies velocities. Every point in such body (the point of the
wave functions) does jump from one to the next point of space but they delay in each point of
space for the period At (here it is not the lifetime of the particle) of infinitely divisible time. It is
alike the moving between two points, as that if the particle-point started from this point at the
moment of time ¢, in the next point of space it must delay for the period ¢, —¢= A¢, having
jumped between these two points instantaneously. Thus, doing such jumps with delays, this from
large, macroscopic scale is going to see as a motion with seeming arbitrary velocity. But on the
fundamental level for each quanta of space this ‘motion’ is alike the continuous real motion
between each two points of space, 1.e. along the Planck length /, and the delay is going to seem
the period of time for which the real continuous motion would happen. Thus, the instant velocity
of motion in discrete non-infinite divisible space (constrained by the fundamental scale which is
the Planck length) happening for infinite divisible and continuous time is to be

e

AY)
for each linear quanta of space /,. Indeed in such a way the motion in discrete space must be

(2.3.1)

justified. This article presumes the discrete nature of real physical space. Also in the model
described in the Section 2 of this paper it is neglected with anisotropy on the fundamental level,
which occurs due to the discreteness of space. One can easily imagine what really is a
fundamental wave packet or a wave packet reduced down to the fundamental level: due to the
discreteness of space the Planck-sized wave packets of particles are eight-point, on the number
of the vertices — the points of a cube with the side /, .

The following consideration relates to the Planck scale and the vacuum near matter. It can
be for the free vacuum
[

min

=1

b (2.3.2)
that means the minimal length is the Planck length. The vacuum near matter can be reduced, in
such case (2.3.2) is justified at maximum degree of reducing. Or (2.3.2) is not right for the free
vacuum and it is right in such case

. =1,+05l,0l>0, (2.3.3)
so that for the vacuum near matter (2.3.2) is right at maximum limiting, i.e. the reducing of
overplanck scale to the Planck scale happens. The author states that in free space (2.3.2) is

justified as it is the most possible, and near matter does happen the reducing of the Planck scale.

2.4.  The Final Results Of The Calculation

The estimation (2.2.8) can be calculated on the computer in the first place for a universe
consisting only of hydrogen atoms. It is needed to say that the Universe often considers as such
universe [10] on the reason that in the Universe the hydrogen is prevailed. For hydrogen it is
important to note the existence of the values of the reducing of the Planck scale. These values
describe the Planck-sized vacuum wave packets for the hydrogen atom and can be obtained on
(2.1.21) by substituting / - /,, r —>r,, and r —>r,_ . Here r_ is the minimal distance to the

proton which can still think a point and 7, is the radius of the atom. One obtains

X

V32

ALy ) = 5 ~7.58-10m, (2.4.1)

P> "min
mc
\/glp +6I”min +32rmin112’ 7
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32

Al(lp ) = —~2.53-10%m. (2.4.2)
Bl +6r +32r I

mc
max hz

The Planck-sized wave packets of the vacuum virtual particles do not actually contribute in the
theory because if the Planck length is small, the reducings (2.4.1) and (2.4.2) are yet smaller, so
that one can neglect them in calculation. For example, this relates to the number of particles on
the zeroth meridian (2.1.34) and the energy density (2.1.2). Thus, these formulae take the forms

N= d : (2.4.3)
arctan (IJ
24r? —0.250*
hc* 3
Wv+m (1)2173 ?1—24'771204 (244)

for the Planck-sized wave packets. Also for the computation it is needed to have in the view the
constraint following from (2.1.34), namely

r —i(l—Al)z >0, (2.4.5)
which thanks to the known conditions » >0 and / > Al can be led to the form
r, = %(Z—Aln) forall n. (2.4.6)

That the range (2.1.26) for / is not applicable but the range (2.1.25) is correct follows from
(2.4.6) and from that the origin of 7, is in the system of algebraic equations (2.2.4) — (2.2.6) and

so on. In such a way one at once gains the limitation for scales in the task of the computation of
the estimation for the vacuum energy near matter which follows from (2.4.6), (2.1.21) and the

dependence r,(/) as was said above. In nature this limitation can be caused by the spatial

limitation of the acting of the interaction fields which matter itself has.
Also it must be understandable that in the real practical calculation one should consider
limited atom, an object having finite sizes in space, therefore the number n of the radii », must

be limited by the maximum value. Thus, it must be computed

Ingx 1 2 2 2
E® > L [ >N, M—N(l,rk)+2 e S iwddl. (247)
P = 2 16 (1-Al(1,1,))

It was accepted in the computation that hydrogen atom has values: »  =10"m, /

min IOZOZP’
r...=3-10""m. It can be obtained from (2.4.6) that /__ =2.00008-10"'m by substituting
rr

- » and all other values r, including 7, give true conditions if the previous conditions
are accepted. Solving the system of the algebraic equations (2.2.4) — (2.2.6) analytically, one can
quickly understand that the volume of the expressions increases very rapidly. In fact the second
substitution for number n=2 already gives a large final result. However, one could notice that
the first, the second and the third results can be calculated analytically on the computer and have
approximately straight lines plots. This does give a resolution of the problem. As one, 7 -th result

must be substituted in the next having number » on unit more, the author came to the conclusion
that all 7, (l ) are approximately straight lines. However, this conclusion must be verified on each

step of the computation. For this all interval from / , to [

X

was divided into ten segments with

eleven points including the start and the end points and in each point values of the function
gained from exact solution for the first step were compared with the points calculated from
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approximate linear representation of this exact solution. And this comparison was done for each
value of 7n. This has been done by the written program by the author, the listing of this program
written in the “Wolfram language®™” is applied below the main text. Thus, the computed value at
the all applied above conditions in the right hand side of the estimation (2.2.8) allows one to
write down the numerical assessment

EY) >1.31797-10'™]. (2.4.8)

This final result has been gained by the computer program which is done n=12347 iterations
for 9300 seconds with the rest. The general assessment (2.2.15) for the full vacuum energy, i.e.
the vacuum energy of empty space of the Universe and the vacuum energy in the space near
matter takes the exact quantitative form

E,>2.32-10" +1.32-10'™] . (2.4.9)

The gained data testifies in sake of the cosmological constant problem, it really takes place and
the lower boundary for the full vacuum energy exceeds the observed value over 122 orders of
magnitude.

At the next stage it is needed to introduce a wrapping vacuum coefficient to show that
matter really reduces vacuum leading to the increasing of vacuum energy for the entire Universe.
If to assess the energy of an empty space in each hydrogen atom taking into account admissible
for the atom scale interval provided in the previous computation, also taking into account that
there is no reducing of the wave packets of the virtual particles in empty space, one should
compute the fraction

104
o2 13179710 , (2.4.10)

Lnax 22
iNaVA j E\/h ¢ 32+mzc4dl
I, F\ 16 1

lmin
where o >1 is the wrapping vacuum coefficient; with more o the wrapping of the vacuum by
matter in the entire Universe is more. The approximate value of the working volume of the atom

v, :% P ~1.13-107'm’ (2.4.11)

at the all discussed above conditions and the values of the quantities leads to the numerical
inequality for the coefficient

02>176.055. (2.4.12)
The more accurate estimation of the working volume of the hydrogen atom, i.e. the volume
occupying the reduced/not reduced wave packets of the virtual particles according this model,
namely

v, zgmﬁa}( —% r) ~1.09-107'm’ (2.4.13)
leads to the lower limitation for the wrapping vacuum coefficient
o>182.515. (2.4.14)

As become obvious for the reader the lower edge of the vacuum energy in all the hydrogen
atoms volumes at the absence of them nuclei, the protons that means there is no the reducing of

the vacuum virtual particles can be calculated by assuming A/ (rn,l ) =0 for all n. That is in this
method of calculation one should compute

-1 22
J- Z ( I l”k) N(l,rk)+2J fhl—g%+mzc4dl, (2.4.15)
P I, k=0

‘min

where for N must be used (2.4.3) and at k=0 must be » =7, . For this case the scale / is no
more restricted with the maximum value, because the inequality (2.4.6) now gets
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gzéL (2.4.16)

Also assuming Al (rn,l ) =0, the system of the equations (2.2.4) — (2.2.6) can be solved by simple

way, as, one obtains

ro=nl+r. . (2.4.17)
Substituting (2.4.17) in (2.4.16), it can obtain
7.
[>——Dmn 2.4.18
n—0.5 ( )

but />0, hence, (2.4.18) is always true. Thus, in this case / must be restricted on top by the
value /[ from the previous calculation. The number n—1 up to which the sum in (2.4.15) must

the
value 7,, when 7 is maximal, is a little exceeded the value . So, computing (2.4.15) and

making up the fraction like (2.4.10) with (2.4.15) in the denominator and the value from (2.4.9)
in the numerator, one could gain the numerical condition

o 2>77.5007. (2.4.19)
The conclusion is that the matter in the Universe really limits or wraps (the author introduces
such term) the vacuum, at that the vacuum energy increases.

And finally, purely qualitative it can be shown that the lower assessment for the vacuum
energy is able to be calculated without any treatment to the concept of individual atoms. If one
would consider a one single atom with the volume of all empty space of the entire Universe in
the task of calculation of the vacuum energy being in empty space or the free vacuum energy,
this method has never yet been considered, then it must be applied

be summed one can explain that solving the algebraic equations up to the condition 7, <r

max ?

mm=%h (2.4.20)
the maximum value of the radius of such imagined atom must be calculated from the condition
s=§ﬁﬁw, (2.4.21)
it takes the form
3 3
v = (— V\) . (2.4.22)
4 -

The condition on the range for scales is to be (2.1.26). The minimal number of balls on the
zeroth meridian at the condition (2.4.20) can be found out by substituting (2.4.20) in (2.4.3) and

taking the limit
lim[arctan (LD - , (2.4.23)
x—0 X 2

thus, N, =N,

win = 2. This is the formal number. The substitution (2.4.17) in (2.4.3) and taking
into account (2.4.20) leads to

N= (2.4.24)

1 1 ,
arctan [2 \/m}

where k € [l,n] and 7 is to be set from iterating (2.4.17) at the condition (2.4.20) up to that the

condition », <r__ fails to give true. Thus, the inequality for the free vacuum energy calculated
by this method takes the qualitative form
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| 2 2.2
E§°)2lf M_N(k)+z 3 et (2.4.25)
[, = 2 16 [

This method has a feature in packaging of the wave packets vacuum virtual particles. The
inequality (2.4.25) has the qualitative role and cannot be computed because the value (2.4.22) is
too much, namely

ro =437-10°m, (2.4.26)

so that, it must be done too much number of the iterations to find all 7, and the final 7.
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VU = 3.5~ 10%;
Na = 10%%;

VA = 8.18 - 10733;
m=9.1-10731;
c=3105%;
h=6.6210"%*;

h
h=—;
27

Pnin $= 10711

1min := 10%° 1P

1P :=1.62 107"
Ppax $= 3+ 1071
1max := 2.00008 - 107!
al :=9.99998 - 10712
k1 := ©.999976

a2 :=9.99996 < 10712
k2 :=1.99996
rp:=al+kil
r,:=a2+k21

-15
._ » » 1-1.62-10
P, := 1.00032 - 107! + 3.99976 - 10

2.00008 <107 - 1.62 < 107%°

11 := 2.00154 - 1072

12 := 4.00146 - 1072
13 := 6.00138 - 1072
14 := 8.0013 - 1072

15 := 1.00012 - 107!
16 :=1.20011 - 107!
17 :=1.40011 - 107!
18 :=1.6001 - 107!

19 :=1.80009 - 107!

Inoculating values:



2 Program SCCPERVMUR.nb

a, := 9.99996 < 1072
k, 1= 1.99996

43 12
2 .2

A3 146 Ppin + 32 Ppip 12 x =5

ﬁZ

Alyin o=

Aly 1= Alyin /. Ppin = 1

Alz :=A11 /. rp->r;
For[n=2;

1=1min, P, S rpayx, N++, 1=.;

m=.;
C=.,
:.;
a2-=.;
k2 =.;
dp =.;
kn=.3
Al =.;

43 12

A1n+1 = N 5
43 14+6Ry,q +32Rp,q 12x ™

-
V3 12

A3 1l+6r,+32r,12x ™

CZ
hZ

Al, =

1 1
Pn.1 = Ruer /- F1atten[501ve[Rn+1 - - (1-Al,,) =ry+ . (1-al,), le] ] I17;

1=1min;
m=9.1-1073;
c=3-10%;

A =1.05361 < 1073%;
a2 = 9.99996 - 10712;
k2 = 1.99998;

Imin
an =Y1,n - (Y2,n - Y1,n) X —
11 - Imin
YZ,n _y1,n
ko= =23
11 - 1min

I'F[Pn+1 >9, 1=.;

m=.;

C=.;




1 1
Pne1 = Rne1 /. Flatten [Solve[Rn+1 -~ (L-lp) =ro v~ (1L, Rm] ] [11;

1 =1min;
m=9.1-10731;
c =3-10%;

h =1.05361 < 1073%;
a2 = 9.99996 < 107%;
k2 = 1.99998;

Imin
an =Y1,n- (Y2,n = ¥Y1,0) X ———;
11 - Imin
yZ,n - Y1,n
kn = ——2°;
11 - Imin
Y1,n+1 = Pnsas
1=.;
1l-= 11;
Y2,n+1 = Pnsts
X - Imin
Ani1 = Yi,nea + (Y2,ne1 = Y1,n01) X ———
11 - Imin
x=12;
1=.;
1=12;

If [Abs [Paet - dna] <1073, 1=

X=.3
1=13}
X=13;

I-F[Abs [Pret - dna] <1078, 1=,

X=.;
1=14;
x =14;

If [Abs [Paet - dnea] <1078, 1=,

X=.3
1=15}
X=15;

I-F[Abs [Pret - dnia] <1078, 1=,

X=.;
1=16;
X =16;

If [Abs [Paet - dnea] <1077, 1=,

X=.5
=17;
x=17;

I-F[Abs [Pret - dnaa] <10°27, 1=,

Program SCCPERVMUR.nb | 3




4 Program SCCPERVMUR.nb

X=.3
1=18;
x = 18;

If [Abs [Paet - dnaa] <1077, 1=,

X=.3
1:19;
X =19;

If[Abs [Pre1 - dne1] < 10726, 1=,

X=.5
1 = 1max;
X = 1max;

If [Abs [Paeq - dnaa] <1072, 1=,

X=.3
P =+
an=.;
kn=.3

Fns1 = @nya + kn+1 1;
Ppsaa =3
Pps1 = Qpea + kn+1 1;
Imin
Ans1 = Yi,ni1 = (Y2,ne1 = Y1,n41) X —
11 - Imin
Y2,n+1 — Y1,n41 .
11 - Imin
1= 1min, Null];, Null];, Nu11];, Null];, Null];, Null];, Nu11];, Null];,

kn+1 =

Null] 55 Pnua=e3

1=.;
m=.;
c=.;
h=.;
a2-=.;
k2=.;

ah=.;

kn=.3

1 1
Pn.1 = Ro,1 /. Flatten [Solve [le -— (1-A1,,1) ==rp+— (1-A1,), Rn+1” [21;
2 2

1 1
Pns1 = Rns1 /. Flatten [Solve[Rn+1 - - (1-Al,,,) =, + . (1-al,), le] ] [21;

1=1min;
m=9.1-10731;
c =3-10%;

A =1.05361 < 1073%;




a2 = 9.99996 - 10712;
k2 = 1.99998;

Imin
an =Y1,n - (¥Y2,n - Y1,n) X —
11 - Imin
yz,n 'yl,n
kn = —=——";
11 - 1min
Yi,n+1 = Pnaas
1=.;
1=11;
Y2,n+1 = Pnsas
X - 1min
Ani1 = Yi,nea + (Y2,ne1 = Y1,ne1) X ———
11 - Imin
X =12;
1 =
1= 12;

If [Abs [Pas1 - dny1] <1073, 1=.;

X=.3
1=13;
x =13;

I-F[Abs [Pog - dnag] <10°28, 1=,

X=.3
1=14;
x =14;

If [Abs [Pas1 - dnar] < 10728, 1=,

X=.3
1=15;
x = 15;

I-F[Abs [Pret - dnia] <1078, 1=.;

X=.3
1=16;
X=16}

If [Abs [Pas1 - dnar] < 10727, 1=,

X=.;
1=17;
x=17;

I-F[Abs [Pog - dnag] <10°27, 1=

X=.3
1=18;
X=18}

If [Abs [Pas1 - dnar] < 10727, 1=,

X=.3

Program SCCPERVMUR.nb | 5




6 | Program SCCPERVMUR.nb

1=19;
x =19;
I-F[Abs [Pret - dna] <1076, 1=.;

X=.3
1 = 1max;
x = 1lmax;

If [Abs [Paet - dna] <1072, 1=,

X=.5
1 =05
an=.;
kn =5
Fne1 = Ansa + Knaa 15
Ppya=.3
Ppy1 = Apea + kn+1 1;
Imin
A1 = Y1,ne1 = (Y2,ne1 = Y1,ne1) X — 5
11 - 1min
Y2,n+1 = Y1,n41 .

11 - 1min

kn+1 =

Null] ;] ;] // Timing

1= 1min, Null] HS Null] HS Null] HS Null] HS Null] HS Null] HS Null] HS Null] HS

{9300.937500, Null}

n
12347
1-=.
Imin
Table[ak = Y1,k - (Yo, - Y1,k) X ———, {k, 3, n}];
11 - 1Imin

Y2,i - Y1,i

Table [ki =
11~ 1min

> {1, 3, n}];

Table[rj =aj +k;1, {j, 3, n}1;

43 12

Table[Alk = — > {k, 3, n}];
\/§1+6rk+32r‘k12xmhf
T
N:Lmin .= 1AL
ArcTan [$]
2 rz E (l_A]-min)2

min~ 7,



Program SCCPERVMUR.nb | 7

T
Table [Nli = > {1, 1, n}];

Ar‘cTan[$]
2 4fr2-2 (1-a14)?

4
1 /3 12

Reduce[r‘nz— 1- — |> 1]
2 «/§1+6r‘n+32r‘n12xmh—f

: Reduce was unable to solve the system with inexact coefficients. The answer was obtained by solving a

corresponding exact system and numericizing the result. >

-8.09885x101® <1< -8.09871x10°%° || 1> -8.09852x1071°

1 /3 12

Reduce[r‘min > - |1- — |» 1]
2 A3 146y + 32 Ppgn 12 x =5

ﬁZ

: Reduce was unable to solve the system with inexact coefficients. The answer was obtained by solving a

corresponding exact system and numericizing the result. >

1<2.00008 x 10711

1 = 1max;
Nlpin
2.001
1-.
1=1min;
Nlpin

38786.9

1-=.

2
min

2

n?c? 3 ) s
- N1,i, +2 X +m°c o+
16 (1-A1y,)2

Int = NIntegrate [ (

x +m2c* |, {1, 1min, 1max}]

n ((N15 n? c2 3
— -N1;+2
j=1 2

2.13511x 10
1

N[— Na Int
1P

1.31797 x 10%%*

2. n?c? 3
N1, + 2] x +m?c*, {1, lmin, 1max}]

16 (1-21,,)2

NIntegrate [ [

5.15089 x 10718



8 | Program SCCPERVMUR.nb

VA =.
4
3
N[; JT r‘max]
1.13097 x 1073

VA:=1.13 107

1.31797 ~ 104

1 Emax L n?c? 3
SNG VA [ Cx2 +m?c* dl
1p Imin 13 16 12

176.055

VA =.

4 4
N[—rrr‘3 -—7rr‘3-]
3 3

max min

1.08909 x 10731
VA:=1.09 - 107!

More precise value

1.31797 ~ 104

L iy 1 n?c? 3
LN VAP [ed Cx2 +m?ct dl
1P Imin 13 16 12

182.515

r‘1 =

n=.

ryi= 1+ Py

Table[r,=., {n, 2, 12347}];

For[n=1; 1=1min, r, < Pgayx, N4+, Ppea = (N+1) 1+ rpind

12346

Fn

3.00005 x 10711

Pn-1

2.99989 x 10711

1-=.



T
N2y, = 1
ArcTan [—]
2 \ r;in_% 11
T
Table[NZi = : s, {i, 1, n}];
ArcTan [—]
2 1/!‘%—;‘ 12
Int=.

N22, n’c? 3
Int = NIntegrate[ N2y, + 2 x— +m?ct +
2 16 1?2

n-1((N23 n’c? 3
— -N2j+2 x— +m?c* |, {1, 1min, lmax}]
a2 16 17

2.75495 x 10713
1

N[— Na Int
1P

1.70059 x 10?2

N22, n’c? 3
NIntegrate[ = N2,in + 2 x — +m?ct, {1, 1min, lmax}]
2 16 12

5.14944 x 10718

1.31797 ~ 10'%*
1.70059 - 19192

77 .5007
r‘1=
Prhax =«
3
ry:=—1
2
VM := Na VA
Vs :=VU-VM
1
3 3
Pmax = (— VS)
4 7

4.3718 x 10%°

Table[ry =., {k, 2, n}];

Program SCCPERVMUR.nb | 9
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1
For‘[n =1; 1 =1min, r, < Ppax, N++, Ppea = (N+1) 1+ — 1]
2

$Aborted

n

321572413

Fn

5.20947 x 107’

Limit [ArcTan [} ] y X e]

X
NAET
21
N3pin 1= 2
Tt
Table[NBi - , {1, 1, n}];
Ar‘cTan[,—l.]
2 —\/1 (i+1)
Int=.

N3Z, a’c? 3
Int = NIntegrate [( N3y, + 2] \/ x— +m?c* +

2 16 12
nt (N3] n’c 3
— -N3j+2 x— +m?c* |, {1, 1min, co}]
- 2 16 12
j=1
1
N[— Int



CONCLUSION

In this work the observed value for the vacuum energy density in the Universe was
compared with the lower boundary for the vacuum energy density corresponding to the verified
high energy physics scale that is the least space scale and the divergence in the 53 orders of
magnitude was found. In the work the cosmological constant problem was stated on the data of
the calculated observed full vacuum energy of the entire Universe and has been calculated the
lower value for the free vacuum energy, i.e. the vacuum energy of all empty space of the
Universe. The carried out research testifies that the cosmological constant problem really takes
place. It was considered the part of the quantum electrodynamics vacuum, namely, the electron-
positron quantum vacuum. Also the estimation for the energy of the vacuum near the matter has
been calculated. The lower value of the energy has been found below the lower boundary of the
free vacuum energy on the 89 orders of magnitude. The main purpose of this work was to
consider the interaction of the vacuum with matter. In the result, the minimal energy of the
vacuum near matter has been obtained. The total lower assessment for the full vacuum energy
including the free vacuum and the vacuum interacting with matter confirmed the approximate
known value for the vacuum energy, and the found in this work value exceeds the observed
value mainly on the 122 orders of magnitude. This result confirmed the previous number for the
free vacuum as the approximate estimation for the minimal value of the vacuum energy. Note,
that the known excess of the observed value is the 120 orders of magnitude. Thus, the found
value is approximately relevant to the well-known and accepted value on the order of magnitude.
These assessments for the all Universe have been done in the model where all atoms of the
Universe are thought with hydrogen atoms. In consequent work it is supposed the considering all
types of the atoms existing in the Universe. In this work has been considered only the motion of
the virtual particles that leads to essential increasing of the vacuum energy. That is why also in
consequent work the consideration of the full motion of virtual particles in the pair and all the
types of vacuums respective to all the types of the particles of matter is supposed. The
aforementioned calculations except the calculation of the energy density on the achieved by the
high energy physics scale have been done at the assumption of discrete space. Actually, these
calculations can approximately be executed only in the hypothesis of discrete space. According
the approach of this work space must be discrete; otherwise any vacuum energy would be
infinite.
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