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Abstract

A Cosmological constant problem has been considered in the light of the Standard model of
elementary particles (SM) by account two fundamental fermions in the SM, i.e. the u quark and
the electron and their antiparticles. All the movings of these virtual pairs and their orientations in
space have been taken into account in the offered model of vacuum. This led to the more precise
and accurate estimation of vacuum energy of the Universe on the discovered and examined
minimal scale ~1.5x10"°m on uncertainty relations, than in the previous work. Comparison of
this estimation with the calculation realized by the method and the model used in the previous
work was carried out. The current calculation is the full computation, i.e. for the full scale range,
which begins from 1.5%10™°m and can think terminated for the effect on the maximal linear size
2.00008x10'm for the experimental data and the theoretical data on hydrogen and helium
atoms correspondingly. These atoms are considered due to that they are the most common in the
entire Universe. Thus, one can say that the vacuum energy near matter in the special effect of the
reducing of vacuum by matter has been assessed more precisely as it is in the real world.

Keywords: Vacuum, Uncertainty relations, Cosmological constant, Virtual fermions, Standard
model of elementary particles, Vacuum energy, Matter, Interaction of vacuum with matter,
Vacuum energy density

Introduction

Like in the previous work which is called “A statement of the Cosmological constant
problem and an effect of the reducing of vacuum by matter based on uncertainty relations” we
can employ Heisenberg uncertainty principle to assess the vacuum energy of all empty space of
the Universe and the vacuum energy near matter of the Universe. Due to the war in Ukraine and
on this cause lack of resources I can compute only the following quantities: all for hydrogen and
helium for u quark and electron, also it is worthy for the all types of neutrino to compute only the
vacuum energy for empty space, i.e. without atoms or the free vacuum energy. Now these
fundamental and, in the time, elementary particles do exist in the Standard model of elementary
particles. All the fermions of the SM, undoubtedly, contribute in the vacuum energy according
the SM itself and the quantum field theories on which the SM is built. Thus, we are going to gain
the part of the full vacuum energy in this case, except the contribution of the boson fields which
is responsible for the interactions, i.e. the matter contribution in vacuum energy. In this paper we
are going to consider the part of only fundamental vacuums, i.e. the vacuums generated by only
the fundamental particles of matter. As well known, matter can be various, namely, low-energy
particles and high-energy particles. We will take into account low-energy electron and positron
and heavier u quark and antiquark in this work. Both present in the ordinary low-energy matter.
This calculation is also going to be comprehensive in the sense that all movings: forward and

1



backward, rotations are going to be taken into account, and all changings of the sizes of wave
packets in location space at the moving of them are going to be considered to make the
calculation as exact as possible. And, of course, this calculation is limited in our work (present
and previous) by the considered effect of the reducing of vacuum near matter. We should note
that this is the one single effect form great number of quantum field effects which govern in
space with matter at subatomic level. Like in the previous paper we are not going to go with the
set course of the quantum field theory (QFT) in the assessment of vacuum energy, but going to
chose simple and evident way, taking from QFT only empirical concept of particle-antiparticle
pairs in the vacuum as a picture of it. Also we say that like in the previous work this will be built
on the theory excluding the interactions of virtual particles. The exact assessment of the full
fermion vacuum energy is going to be done by using uncertainty relations. We delay account of
interactions of virtual particles to next paper, acting gradually.

1. The concept of discrete space, needed for finite vacuum energy

In the previous work we have defined the concept of discrete space, basing on that
vacuum energy cannot be finite but must be infinite in continuous space. This is true due to that
at the accounting all the scales of space, we sum energy being on each space scale. At that if the
number of nonzero elements of the sum is finite, then the sum is going to be finite, and vice
versa. That is why space must be discrete — for the number of energies on all the space scales is
to be finite. In that work we have discussed what is motion of a body in such space, in the
current work we will also be needed in concept of discrete time. Thus, we will construct discrete
space-time of the special theory of relativity. It is needed to say that in the usual theory if space
is discrete, then the special and the general principles of relativity have to be wrong [1]. But, as
author is going to show, this is appearing to be due to not completely right approach to the
problem of discrete space-time.

Let us construct discrete space and time in transformed special theory of relativity for
such purpose. Let velocity v of a body be determined, according to the previous paper [2], as

y=-L (1.1)

where Af>t¢,, here like in [2] we designated: /, is the Planck length and ¢, is the Planck time,

so that, it is true

c=-=L, (1.2)

where ¢ is the speed of light. The author’s idea can be demonstrated on the simple example of
one-axis motion, i.e. motion along one axis of the Cartesian coordinate system, and it can be
found out that this idea lead to the contrary conclusion of discrete and flat physical manifold than
that is concluded in the article [1]. In such case, according well-known the special theory of

relativity (SR), length contraction is
2
1=1’,/1—V—2. (1.3)
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Now we designate: /"=nl, and / =ml,, where n and m are integer numbers. Substituting them

into (1.3), and (1.1) into (1.3), also using (1.2), we got

t2
m=n I—A—’t’z. (1.4)

According (1.4), must be m<n. On this stage let us to take into account an axiom (1):
[, =const for all frames of reference. With this aspect, indeed, there was a problem in [1],

therefore we exclude it at root. Taking into account this axiom, note, the simple logic follows
from (1.4): if n=1, then m <1, but must be always m>1 and, as we can see, also, must be
n>1, hence, n cannot be equal to 1. In the all above we already accept that space is discrete,
consisting of the Planck lengths along each dimension or Cartesian axis like in [2], now consider
also discrete time, parting on the Planck times along time axis in the pseudoeuclidean four-
dimensional Minkowski space-time. We quantize time interval as

At=(k+1)t,, (1.5)

where k£ >1. Then, substituting (1.5) into (1.4), we obtain the formula

/ 1
=n [l-———, 1.6
m=n (k+1)2 (1.6)

which is valid for one-dimensional length contraction. In (1.6) % is the number of indivisible
time intervals, n is the number of indivisible space segments in a body in its own frame of
reference, m is the number of indivisible space segments in a body in the related frame of
reference. This formula already describes discrete space-time. As one can see, constant ¢, is

invariant at changing frames of reference, that is the containing of an axiom (2): ¢, = const for

all frames of reference. This is in contrast with [1]: fundamental space-time quanta do not
change in any situation, this thesis is laid in the basis of our theory.
Analogously, for the time dilation in such simple case we have

At
v
c2

At =

(1.7)
1_

We introduce the following formulae for the time intervals in each frame of reference like (1.5)
At =(k+1)1,, (1.8)
At =(k'+1)1, (1.9)
and the formula for the velocity like (1.1)

y=-L, (1.10)



where
St=(f+1)t,. (1.11)

Here k, k' and f are integer numbers which satisfy the conditions: £ >1, k'>1, f >1. So that

the following result is justified for the time dilation in the modified SR

PP 2 S (1.12)

LI

(/+1)
In validity of the conditions one can convince, if to take k'=1 and f =1, then one can gain

k=13094>1, (1.13)

so that the conditions are generally executed. Thus, we can generalize the all, that was performed
above in the words: the fundamental segments of space and time (corresponding quanta) are
always invariant under Lorenz group transformations, i.e. they never change at transition of the
frame of reference, but do change number of such quanta in a body or in a field (as type of
matter), it can increase or decrease. From here it follows at once that if a body has one single
segment of space, then it does not change, i.e. remains constant at any speed of the body.

2. Consideration of exact admissible movings of virtual electron-positron
pairs in the field of the charged center in the vacuum limitation effect

As was noted above, in this work we consider all movings of the particles in virtual pair,
namely, the vacuums will be considered in the dynamics. The movings, apparently, can be in
forward direction and in backward direction, i.e. to annihilation point. We take that these
movings occur at the constant velocity there and back, that is they are uniform. The turn occurs
instantaneously. So, we have enough information to imagine some a vacuum, let it be electron-
positron vacuum for definiteness. Consider enough large limited volume of space. The vacuum is
being represented the virtual electron-positron pairs which at the same time jump out from the
void (empty space) and, as I said, they have the same position on the axis of moving at any
instant of time. In this moment we apply Galileo’s principle of relativity (Classical Relativity,
CR). This means that time is absolute and flows homogeneously in every place in the Universe.
All the pairs create and annihilate simultaneously. However, in reality such situation can never
be, there we have chaos and non-simultaneity. This situation can be reached by the following
approach. It is needed to find an average on the changing time variable on different pairs. By this
approach we will succeed to shift different pairs on different values of the time variable and we
will gain the required characteristic of the vacuum. As we will show below, this approach can be
implemented using the distribution function. And to gain a vacuum energy — a numerical value,
we need to take an average of the determined expression on the all movings of these and each
one pair in space (actually, on each specially orientated axis), happening during time. So,
summing up, we will need two enclosed each other average values to gain the final result, a
vacuum energy.



In the calculation, as it was also said in the end of the previous paper [2], we will
consider dispersion of the virtual particles wave packets. Let us at once say about this. According
the carried out investigation which preceded this article, an accounting of the real dispersion of
the real free fermion wave packets, as this is ordered, — from the spinor — the solution of the free
Dirac equation is complicate to do because difficulty of the source of this dispersion — the
integral of the spinor. To extract all possible dispersion functions which, undoubtedly, represent
types of the real dispersion of matter on our level (without interaction of the virtual particles to
each other) to someone would be needed a special separate research which will be very complex.
Also the number of these functions is infinite because the theoretical model limitlessness of the
momentum space. As a result of this circumstance the author is decided in the presented
computation to account dispersion as linear function as an average dispersion on this entire
infinite manifold of the dispersion functions of the wave packets. The tilt of the line
characterizes an average dispersion on all dispersion functions of the real free fermion
dispersion, known from the Dirac spinor.

3. Types of virtual matter that contains the Universe or vacuums

We will consider two types of the particles of the SM in the physical vacuum. Filling
empty space, they appeared to be a media or a virtual matter because it consists of virtual
particles. Wave packets of these particles types are overlapped, that means wave packets of the
virtual particles of one single type are not overlapped but different types of virtual particles wave
packets are in the same place in space between each other. Initially, according the SM, real
physical vacuum consists of zero-point fluctuations of the boson fields and the corresponding
quanta, as it is in the quantum field theory, and interacting with each other fermion pairs by
means of these boson quanta. Fermions are performed the matter of our Universe, and exactly
them we will consider, but this paper is without any consideration of their interactions. It is also
needed to say that vacuum, according QFT, is sufficiently nonlinear structure and has
selfinteraction. However, also we are not going to consider nonlinear component of vacuum in
this paper. We delay its consideration on next paper.

As well known, particles of matter include two general families: quarks and leptons.
Quarks and leptons combine with each other forming families or generations, in the time the 3
families are known. These are: (u, d, e, v.), (¢, s, V4 4), (t, b, v 7). Here u, d, ¢, s, t, b are quarks,
first two are stable and building all stable and seeable matter in the Universe, others are unstable
and much more heavy than first two, especially last two: ¢ and b. The rest particles are leptons,
such as: e, # and 7 are electron, muon and tau-lepton, correspondingly. Electron e together with
two quarks — up and down (u, d) consist all visible matter in the Universe finally. This matter can
exist at low energy and at high energy. And the other particles except the neutrinos exist only at
high energies in laboratory (accelerator and collider) or in violent processes in stars and black
holes. The neutrinos, such as: v,, v, v, called electron-neutrino, muon-neutrino and tau-neutrino
correspondingly, together with mentioned above leptons form families by pairs, thus, appear the
3 families. These are: (e, v.), (# v.) and (7, v;). One can unite quarks themselves also in families
in a view: (u, d), (c, s) and (¢, b). On the last data in research of the controversial issue on the
time of writing of this article the neutrinos have small nonzero masses; the fact is going to be
important for the current work.

All these fermions enter together with their own antiparticles, so that we have 12 particles
and 12 antiparticles, total: 24 particles and 12 pairs. The last work has the computation that has
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been carried out for electron-positron pairs on the basis of the consideration of one single
electron-positron pair. The current work, as already was said above, must base on this article,
therefore the computation in that work is applicable for pair and not for isolated particle.
Therefore for us had to be essential number 12 of the types of fermion pairs. For the further
statement we need a list of masses of the particles; the masses in the listing are rounded up to
two meaning digits (for quarks the range is set, in which the corresponding mass hits; via
semicolon the average values for the corresponding ranges are divided, and for u, d, s-quarks the

current masses are given, for ¢, b-quarks the running masses are given)
Table 1[3, 4, 5]

Family 1 Family 2 Family 3
Particle | Mass(kg)x10™' | Particle | Mass(kg)x10”' | Particle | Mass(kg)x10™"
Electron (e) | 9.11 Muon (#) | 1883.56 z-lepton 31675.1
v, <0.000036 Vs <3.39 v, <324.45
u-quark 26.74 — 58.83; | s-quark 1247.86 — | b-quark 73624 — 95729;
42.785 2317.46; 84676.5
1782.66
d-quark 62.39 — 106.96; | c-quark 20678.9 — | t-quark 3.015x10° -
84.675 23887.7; 3.089x10°;
22283.3 3.052x10°

4. The theory of virtual particles

Consider the Figure 3 in the paper [2]. For this 2D geometrical scheme the given formula
(2.1.7) is valid, but we need another one formula which follows from this scheme, namely

Al

tan (@) =—

> 4.1)

as it is easy to see. In fact, this is different form of the formula (2.1.6). Following that paper, we
equate these two formulae, in the result we get the formula for the effective scale reducing in the
form

Al = ! ,

r
1+—
N

(4.2)

like in the previous paper. Now we need to account the dynamics of the virtual particles in pair.
This can be done by accounting time dependence in the particle’s passed way in both directions,
so let’s take

S =Vvt, (4-3)

so that in the forward direction at # =0, the start or creation point of the motion lying on the axis
or even the ray will be s=0. To find the velocity v we use (2.1.19), noting that if velocity is
constant at moving in the both directions, then it must depend only on scale / and maybe on
distance from charged center » and nothing else, that is why it is good to use the theory of the
previous paper, i.e. the static, not dynamical theory combining it with this new theory to extract
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velocity. So, substitute (2.1.19) into (4.3) and the gained expression into (4.2), then having
simplified the result and having brought the gained formula a little, we obtain

[

Al = p . (4.4)
1+
ct
2.2
1+ 136 mhzc I?
From here we extract the velocity

e (4.5)

\/ 1+ 136 mhzc I?

As we can see, it depends only on scale /. Also, as we can see, with decreasing of / and going
its value to zero, the velocity goes to speed of light ¢, and with increasing / and unlimited
increasing of it, the velocity of the particle goes to zero value. This result is explainable because
with decreasing of scale, energy of the particle will grow up, that is understood from the simple
uncertainty relation (1.1) in [2], and vice versa.

Now consider formula (2.1.15) in the same work. We have found out that this formula
describes the lifetime of the virtual particle or the pair, therefore to gain a half of the lifetime
which is time of the motion in the one direction or in the other direction (because the speeds are
equal), one needs to substitute in (2.1.15) maximal value of the reducing of scale which is
already known in [2] in (2.1.21) and to divide the gained expression into 1/2. If to do this, one

can gain the following formula

2.2
ABHI6TT
Ar== . (4.6)
€ 34167
h
and
() [N — @)

2C 2.2
J3+167Ep
n

Combining formulae (4.5) and (4.7) with corresponding coefficients, we can get

m:%ggn (4.8)

Using (2.1.5) and (4.8) together with (4.5), we obtain intermediate result

c |bs
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And using here again (4.5) and simplifying, we gain final result on the current stage

§=— ——. (4.10)
2 3116 ’"hf &
Let us now analyze this result. If
m’c’
16 e I’ <1, (4.11)
then
szﬁi:ﬁl, (4.12)
23 6
Le. s</.If
m’c’
16 e I>>1, (4.13)
then
s =£ ! , (4.14)
2 3+A,
but A, >1. Let’s perform (4.14) in the view
s = ﬁi, (4.15)
2 A,
where A, >1, hence, s </. That means the condition
s<l (4.16)

is always true. To conclude finally on this stage, we need to do additionally some calculations.
According (2.1.5) and the well-known formula of SR, the momentum of the particle will
have the view

2ms 1

= e ,
Po Af \/1 152 v
AL

where must be s#/, and e, is the basis vector of the velocity v, so that |ev| =1. Now, let us

(4.17)

substitute (4.7) in (4.17), then after simplifying, we gain



32m’c 1P s + 6hems
Py = e. (4.18)

2 2 2 2 2
hzl\/3+16mhc 12\/1_125' _64mc e

2 12 hZ
This expression can be valid only at the condition

12s*  64m*c?
T >0, (4.19)

1

so that only positive number would stand under square root and this number must not be zero.
From here we come to the conclusion

2 2 2
o 12<l—27
fi 4s

3+16

(4.20)

this is true only if s</. So, now we are ready to conclude finally on this stage. According
(4.16), the formula (4.18) is always valid.

We need to make some remarks about the theory. The first, the formula for momentum of
the point particle and the formula for velocity of motion of the wave packet as whole are
justified, that follows from the theory lying in basis of these expressions. The second, the cause
of that the first aspect is true, is that qualitatively new physics of vacuum virtual particles
appears to be in the fact is that the way going by wave packet of the virtual particle as whole is
always less of the linear size of the particle wave packet. Owing to the theory from which this
has been withdrawn these two aspects are connected, the first can be described by the second.
Now we are ready to express this understanding mathematically. Using the well-known formula
of the SR for momentum of a point particle in the view

Py = - e, (4.21)

and using (4.5), we can obtain the following formula

i

= —e. , 4.22
Po 4 7 ( )

which accords with the basic uncertainty relation for the momentum and the coordinate of the
particle (1.1) in [2] with a condition that the value of the momentum is less than the value of
uncertainty interval of the momentum postponed on the same axis of momentum, i.e. if

Ap; = Py = Dy » (4.23)
then the vector inequality
Poi <P, P, (4.24)

is justified. According this inequality and the fact is that p,, must hit the uncertainty interval,

must be



Py > P, - (4.25)

Thus, in (4.22) the value of momentum and not the uncertainty, like in (1.1), stands. In the
spherical polar coordinate system the basis vector of the velocity has the well-known expression
via angles

e = (sin(@) cos(¢),sin(8)sin (), cos(@)) , (4.26)

where € and ¢ are polar and azimuthal angles correspondingly.

5. The general mathematical theory needed for computation

As was mentioned afore, we will need in two average values: the first, we need to
average all movings of the virtual particles in the pair on these movings or, that is the same, on
time. It is needed to average them on the all temporal interval of the moving in one and in
another direction. Let us begin from the forward direction or the one direction. The approach will
be correct if the condition is true, namely: the describing effect of the wrapping of vacuum does
not impact the distribution on average values of any quantities of all virtual pairs in all atoms in
the Universe. We have the following average in the first place

(!

(1
[ (.)at, (5.1)

T(l)—z'

where T (l ) defines by (4.7), and there is the condition for new variable
0<z<T(I). (5.2)

The average (5.1) is the average on time value applied for the moving of this virtual particle, it
transforms the segment of the moving trajectory into a dot, i.e. it removes time variable . But
according what was said in the Section 2, all virtual pairs differ and, correspondingly, all average
values for each pair also differ, therefore we need to distinguish them anyway. The best way to
do this already consists in the offered average value (5.1): this difference in the initial locations
of virtual particles in all pairs in the vacuum in our chosen instant of time makes 7 -parameter.
Actually, this parameter does it perfectly and, thus, 7 -parameter is that parameter which by
unambiguous and by sufficient way characterizes this unique average value of any quantity. An
upper value for 7 one can set by a mode

r=T(l)-¢, (5.3)

where ¢ is a small enough number with dimension of time. Thus, we have one of two average
values.

The second average, as was already said in the Section 2, is required an introducing the
distribution function. So, we need distribution function of averages (or average values) on time
on number of particles in our large volume of space. This function can be determined by the

following equation
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dN =N, F(z)dr, (5.4)

where N, is the full number of all virtual pairs in all atoms in the Universe; N is the number of

pairs which have 7 -parameter in the interval

T,—17, =At7, (5.5)

and, finally, F (r) is the required distribution function. Of course, number N, can relate only to

a separated volume, but globally it must describe the entire Universe. Fortunately, we already
know this number from [2], it must look as

N,=> N4 (5.6)

in the terms used in [2]. I remind them; N, is the number of all atoms in the Universe, the sum
A, on n is the sum of all numbers of all wave packets in all ball layers in one single atom (for

each numerator 7 this is the number of all wave packets in the given ball layer in one single
atom). Thus, according the concepts of average value and distribution function, the probability of
the event that this chosen pair will have 7 -parameter in the interval (5.5) is going to have the

view
dN ¢
P[rz,rl]sz—EIF(r)dr. (5.7)
S

At that the distribution function is normalized as

T(I)-¢

lim [ F(r)dz=1. (5.8)

&0

If virtual pairs distribute on average values identically and uniformly, then F (r) does not

depend on 7 and equals

F(z) __ (5.9)

r(1)

This one can easily check by substitution (5.9) in the normalization (5.8), so that one reads that
(5.8) is executed, but this can be done with one single distribution function which is (5.9).

Thus, the full average value consisted of two enclosed each other averages at the
condition, if we decided to use (5.9) in quality of the distribution function on the basis of the
corresponding fact above, now has the view

)
(...)drdz . (5.10)

T(I)-¢ 1 T(1 T(I)-¢

| ) . 1 (X 1
()= lim | T0)-r !(---)ddeEEE% ! W[WZ_;'N”A’JT(I)—T

0

""—0’2\
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Here we have neglected all of scales that is larger than any atom, that is why in (5.10) in the sum
the finite number of summands stands in contrast (5.6). The upper limit of the sum N1 just
determines this finite number.

Here we also give the first average value for another direction or the backward direction.
It has the view

[ (AL (=)..01(2)...)dt, (5.11)
)

where we have given at once the dependence of the integrand on the effective reducing of scale
(4.4) which must have reversal dependence on time ¢ because it thinks moving in backward
direction. Here only the time dependence of the effective scale reducing is shown. We also have

included in the integrand the dependence on dispersion that is expressed by the function o/ (t)

which must have direct dependence on time because with flowing of time dispersion only
increases. Going back to the beginning of this Section analogously the dependence in (5.11), the
dependence of (5.1) must look so

(AL (2)...01(¢)...). (5.12)

Here only the time dependence of the effective scale reducing is shown. That is, we must allow
time to flow in direct, normal direction for the forward direction of motion of the particle and we
must turn time flow direction for the backward direction of motion of the particle, that describes
well and enough the backward motion in the offered model. Thus, the full average value for the
backward direction at analogous the forward motion conditions will have the view

T(l)-¢

N1 27(1)
() =1im l ﬁ[ZNHAn]T(ZI)_T [ (.)dedr. (5.13)

n=0 T()+r

In any case we must additionally integrate the first average on dN, using this expression from
(5.4) with the upper and the lower limits: [0, T (Z ) — 5] , thinking that ¢ is enough small constant.
Now let us consider the full integrand in the both cases of the motion. It will have

changed in comparison with the integrand in [2], as we already said above, on the two causes:
the dynamics of the task and dispersion. The main multiplier will have the view

2.2
plen _ e 3 —+mict (5.14)
16 (1-Al (L1)+61(1))

The number multiplier N

# also will have changed due to consideration of the dynamics and

dispersion:

2
NjkzNa[M—N(l,rk,t)+2 : (5.15)
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where the number of the wave packets going in the one single arbitrary ball layer A, in the

second multiplier of (5.15) depends on the number of balls or wave packets placed only on the
meridian slash of the one layer of the concentric ball layer packaging which has now the view

N(Lr,t)= z . (5.16)

1=Al(,r,.1) + 51 (1)
2\/’”;3 _0.25(1_A[(1,rk,z)+§l(z))z

arctan

Therefore the full integrand now takes the form

nmax thz 3
N (Lt e o
Z; il )\/ 16 (1-AL (Le)+51(1))

For the backward direction we also need the modified effective scale reducing in comparison
with (4.4); it has the form

Alm = ! : (5.18)

1+ s
1

v(l)(zAt(l)—tJ

which is given taking into account the discretization of the radii of spheres layers (denoted by the
k numerator) and the reversal run of time (it already has minus sign and it is thought positive).
And, therefore, at accounting of the backward motion in the all formulaec must be done
substitutions

Al = Alm, (5.19)
r,o—>rm,. (5.20)

(The letter m entering in these designations means ‘minus sign’ which appears at the description
of the backward motion.) Of course, we should not forget to integrate the gained expression on
all the scales / to gain an estimation of the vacuum energy of this given vacuum. The dispersion
function, as was already said in the Section 2, will look so

sl(1)=qt, (5.21)

the tilt of the line must correspond an average function of the all real dispersion functions. In
accordance with this imaginable existing average function we have chosen the value of the
constant

2
==, 5.22
q=3 (5.22)

This choice is caused by an intuitive view that an average value of the angle /2, in the range of

which the curves of the dispersion functions must vary, is the angle 7/4. Therefore we have
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chosen the number is close to 1 but it is smaller than unity because it is reasonable to think that
the curves of the dispersion functions are nestled to the axis of the trajectory. Note that at £k =0

r, =7, , this will account in the computation given in the computer program below. Like in the

article [2] the computer program is written in the “Wolfram language™”.

Like that is in [2] we need the system of the equations for the radii », and rm, for the

forward direction and the backward direction correspondingly. In the computational view they
are

[ [

I I
fia =] = 8(1) | =+ 1= 81(1) |. (5.23)
+ ke 1+—*~
v(l)t V(l)t
e ! +5z(1m(1)+zj — m, + (5.24)
kT o rm,_ 5 & :
v(l)(lAt(l)—tj
2
s ! +5l(lAt(1)+tj .
2 L4 lrmk 2
v(l)(zAt(l)—tj

The system of the equations appears to be when the values, beginning from zero to some
maximal value, appropriate to index k and the gained different equations are written down.
Actually, these equations are the quadratic equations, and we should to resolve them relatively
r.,, and rm,,, to write fastest algorithm. The maximal value for radius, actually, is initially set
(it is going in the external data of the task). And the computer program must solve as much of
the equations as it is needed for the radius, depending on the minimal scale and at maximal
reducing of the scale (in the maximal time, i.e. in the most distant point from the creation point
of the pair), would be smaller or equal to the maximal its value, set as the external parameter.
This condition is right because if it is executed, then the most number of wave packets (balls) of

the minimal volume at given dispersion (the coefficient of the linear dispersion equals 2/3) can

go in the all ball layers in whole atom. I.e. in this case we must judge maximally. However, the
maximal scale must not excess the maximal value of the radius of the atom, to stay in the frames
of the task. Thus, the radii are the functions and they have the following dependences

r(Lt), (5.25)
rmy (1,t). (5.26)
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The maximal value of scale / can be found by solving the inequalities for /

e Z%‘l—kth(l) , (5.27)
1 / 1
g —qt(1))|. 2
(| T (/) (5.28)
o
Sv(Da(n)

The solutions of these inequalities are intervals of /, therefore we need to choose maximal
boundaries of the intervals and then to compare them to choose the maximal value of scale. All
the computations applied below are realized by the lattice method (numerically) to add the
computation in [2] and to fill its disadvantages. The lattice means /¢ flat grid, or scale-time plane
consisting rectangular grid. The inequalities (5.27) and (5.28) consist of a step for time, ¢ of the
lattice; it determines frequency of the grid and simultaneously maximal scale of the task, as it
goes in these inequalities. We also must remember that integration on scale / and division into
minimal length or scale — the Planck length of the all expression are needed. Le.

ma:

l X
L [ (), (5.29)
Lo 1,
where the full expression described above must stay in the brackets.

Summing up, the estimation of the vacuum energy near matter without any interactions
now takes the form

ax () Ar2
[ 2 N tim | 11 N N2 |E“D gz + (5.30)
y 0 (l)—r 2

27(1)

—~
~

S~
~

2
(N? — Nm +2]Em§f,ff)dtdrdl .

+

Nl,_.

2
=
o=
L3
S

Pﬂ
—| —

~
N—"

ﬂ
—_
|-

|

N
=
= —

+7

Here we omitted the dependence of N(/,7,¢) and we designated by letter m all the functions

that relate to the backward motion having their corresponding modifications. The different from
(5.19) and (5.20) modifications are that we must replace everywhere in the dispersion function

t—)%At(1)+t, (5.31)

at that #> 0, as it is always. Let us compare the real lower boundary of the vacuum energy with
the free vacuum energy of the same volume occupied by empty space in relation of real particles,
but it contains virtual particles. To do this, we need to put

Al(L,r,,t)=0, (5.32)
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Alm(l,rmk,t):O (5.33)

in all the formulae. I.e. there is no the vacuum limitation effect anymore. Therefore the all above
formulae are going to change. We begin to perform them:

2 2
gl - 7€ 3 —+mic*, (5.34)
16 (1+51(1))
N(Lr,1) = z : (5.35)
1+51(t)
arctan

2\/r,3 ~0.25(1+61(t))

nmax’ h262 3
N (Lt S+mct 5.36
2l )\/ 16 (1+61(1)) e (330
1 1
i —5(1+51(z)) =1 +§(l+5l(t)), (5.37)

rm, —%(H&(%At(l)ﬂjj =rm, +%(l+§l(%At(l)+tD. (5.38)

Here in (5.36) the mark means that the corresponding number of balls (wave packets) accounts
absence of the effect, i.e. it contains the number of balls on the meridian slash in the form (5.35),
and the mark that has the upper limit of the sum means difference of the number of ball layers
(of the whole ball of the atom) without the reducing from the theory of the effect. In this case the
inequality (5.27) remains, and the inequality (5.28) transforms in the following one

r.Zl
" 2

n

l+%th(l)‘ : (5.39)

Thus, the estimation of the vacuum energy of the free space in atoms without nuclei
corresponding to atoms which have their nuclei takes the form

1 g nmax T(l)—é‘ 1 1 T(l) N2
EV>— [ Y Nidim [ —— j(——N+2]E£””)dtdrdl+ (5.40)
L) g E L Tt - 42
Lax nmax T(I)-¢ 27(1)

Nm2 (cell)
5 —~Nm+2 |Em; dtdzdl ,

where for N we have expression (5.35), the index a in brackets means ‘atoms’ and

2 2
Emle) = e 3 +mict (5.41)

v ° (l+5l(;At(Z)+tD2
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Also it is needed to assess the free vacuum energy of all empty space of the Universe.
This must be done because there have been introduced the dynamics and the dispersion which
are absented in [2]. Formulae (2.2.12) and (2.2.13) are no longer valid in this approach. Let us
imagine all empty space of the Universe as a cube, at that the volume of the space and the
volume of this cube are equal. Now, we divide this enormous cube into a large number of small
cubes — cells, in each of which the wave packet is. Such approach will allow estimating the free
vacuum energy by our method. Thus, the full number of the wave packets in all empty space in
the Universe will be

N, (1) S (5.42)

(1+61(2))

at account of dispersion. Knowing this number, we can use our new method with average values;
thus, the free vacuum energy takes the form

1 K T 1 0 (cell)
zl—mj j - ) (l)_T!NS(Z,t)EV dtdrdl + (5.43)

27(1)
+— hm Nm, (1,t) Em\“"drdzdl
| e,

where [ . is the ultraviolet cutoff; the full number of the wave packets at the backward motion

in empty space is

Nim, (1,1) = & . (5.44)

(l+6l(;At(Z)+tD3

The required infinite upper limit of the integrals on / in (5.43) can be realized in practical
calculation only for analytical integration, and for the numerical integration we will use it must

be replaced by finite limit, actually, the same as in (5.30) - [

At the next stage the wrapping vacuum coefficients have to be calculated to show that the
vacuum really reduces by matter and how much that happens. We already have everything to do
this. Let it be designated

L T(l)-¢ 7(1)
l & . Cell
BVM = N, lim — - N+2 |E¥Vdtdrdl + (5.45)
P S | g (e
lnax nmax T(l)-¢ 27(1) 2
L | > N tim | 1 (N ™ Nm+ ZJEme”’)dtdrdl
= NT(l)-7 e\ 2
llm nmax T(l)—é’ T(l) 2
=L N, lim 11 [ (N— ~N+ 2} E““dtdrdl + (5.46)
R R IOFOEE A



27(1)

lax pymax : Nt B (el
jkz ! T | ( : Nm+2JEmV drdrdl ,

Nl?—‘

where ‘BVM’ means ‘boundary vacuum plus matter’ and it is the right hand side of (5.30) and
‘BV” means ‘boundary vacuum’ and it is the right hand side of (5.39). Then the general wrapping
vacuum coefficient in this model takes the form

BVM

o (5.47)

Actually, we divide the inequalities (5.30) and (5.40) into each other and equate the fraction of
the energies in the left hand side to o .

6. The final results of the computation

This is final stage of the work and here we provide all numerical values of every
parameter of the computation and its results before presenting of the computer program itself.
All the data will be resulted in the following Table 3, Table 4, Table 5 and Table 6; for the
neutrinos results are given in the opposite form in comparison with the masses are, i.e. the lower
limit, besides our usual estimation scheme (where all estimations are lower limits or boundaries),
this is done, proceeding from the complex dependence found in the computation: the free
vacuum energy of the specific matter (particle) is not always directly proportional or changes
like the mass of the corresponding real particle, it can sometimes have an opposite dependence;
(pm means picometer, lpm=10""m). The Table 2 contains the information needed for the
calculation of the volume of empty space of the Universe. The computation has been carried out
at the following values of the fundamental constants (1) in SI units and the values of the spatial
and the temporal grids (2), needed for the numerical computation: (1) 4 =6.6260755-10"" is the

Planck constant; ¢=299792458 is the speed of light in vacuum; [, =1.616255-10" is the
Planck length; ¥, =3.6-10% is the volume of the observable Universe; N, =7.39-10" is the

10

number of atoms in the Universe, also called the Eddington number; V. =V, —Z V.AN,) is

Ai—i
i=1
the volume of the empty Universe, i.e. the volume of the empty space of the Universe, which
defines via the volumes of each type of atoms V,,, the fractions of presence in number relation
of each atom in the full number of atoms A, and the full number of atoms in the Universe; here

we considered 10 most common atoms in the Milky Way Galaxy or in the Universe in order of

decreasing of their abundance, i =(1,2,...,10);

Table 2 (Ten most common elements in the Universe) [6, 7, 8]

Symbol V,(m*)x10™ A,
'H 6.12611 0.739
‘He 12.0599 0.24
50 90.059 0.0104
2c 143.257 0.0046
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2 Ne 22.5659 0.0013
>Fe 1148.99 0.0011
"N 114.616 0.00096
=i 557.109 0.00065
»Mg 1413.3 0.00058
2g 418.46 0.00044
Total: 0.99906

(2) NMAX =50, MMAX =104 are the number of segments on the scale and the time
axes correspondingly; &, (1, )=1.54803-107s, &, (1, )=3.29625-10"s are the duration of

u

one single time interval for the electron and the u quark correspondingly; /. =2.00008-10""'m,

max

I =2-10"m are the maximal values of the scale variable for the electron and the u quark

correspondingly, and all remains the same whatever the effect is or it is no; /. =10/, is the

min

general minimal scale; 7. =10"'m is the minimal radius of the sphere, which is the minimal

> "min

boundary of the ball layer, where the limitation vacuum effect takes place in atom. The volumes

max min ) 4

of the atoms, where the effect takes place can be computed by the formula V', = %7[(1/3 -r

and they have the following values: VA(}H):6.12611-10’32m3, VA(;He):1.20599-10*31m3.

The program is separated on the six subprograms, therefore in each subprogram its own values
of the spatial and temporal grids are used. In the computer program the following values for the
. Al 1 At
grids have been used: d =d, =d, =d, = NMAX and 8, =0,,=0,, =0y, = S VIMAY

and X :(e,u). The numbers in the indices and the absence of them mean

, Where

Al=1_ -1

belonging to one of these subprograms. More accurately one can see that in the program itself.
For we have two values for the maximal scale: for the electron and for the u quark, there are the
and Al, =1 [ . . Also for the

two considering scale range for each particle: Al =/ —!/ a2
Therefore there

max min
/

max 4

other components of the program: /

max3 ~

and it can be equal [/ or /

X max2 *

are the few values of the small numerical constant &, which has dimensionality of time on each

stage of the computation in the computer program: &=T(l; +NMAXd)—(MMAX -1)6,

min

& = T(lmin + NMAXd, ) —(MMAX - 1)5)(2 , & = T(lmin + NMAXd, ) —(MMAX - 1) Oyss
& =T (1 + NMAXd,)—(MMAX —1)5,,. All the values are rounded up to five meaning digits:
Table 3 (Two most common elements in the Universe) [6, 7, §]
Symbol (Exp) Abundance | Abundance | Particles | g(0 ( J) EO ( J) BV( ] )
(mi;) on number | on number | pairs ( p ’ 133 W? " 103
P in % n quantity means x107 2 x107" 2 x10
error s -]
+5pm, * x10 prp)
(Theor)
(pm)
'H 25 73.9 73900 u 1004.48 | 40.6758 | 40.6434
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e 7.07064 | 7.91452 | 7.90539

iHe *31 24 24000 u - 32.6181 | 32.5837
e - 5.18525 | 5.18142

Total: 97.9 97900 1011.55 | 86.3937 | 86.3139

These two elements were estimated spectroscopically in the Milky Way Galaxy, but if we take a
condition that our Galaxy is common, typical and usual in the Universe, and according the theory

of the development of the Universe [9 — 14], this is plausible, we can generalize them and the all
data on the entire Universe.

Table 4 (The estimation for the neutrinos)

v, v, V. Total:
EVO) 1)x10"% > 150.26 2.12968 1.30695 153.697
2 E' J)X10133Z 2.40735 2.4074 2.74955 7.5643
E' 1) 150.258 2.12727 1.3042 153.689
[2]EL (7)x10%° >

Table S (The previous computation for the elements and comparison of the two calculations)

Symbol | Particles | [2] [2] [2] EY —[2E 0 g9 —[2]E o | BV —
. 0 0 v 4 v+m v+m
pairs (p | E" 1) | EZ, 1) | BV ) (1)x10% > | ()x10™ > | [2]BV ()
means 101
— x10' > | x10'® > | x10 %10'%3
pp)
'H u 2.4145 | 13.8119 | 5.3125 1002.07 26.8639 40.5903
7 7
e 2.4076 | 3.08206 | 5.2689 4.66295 4.83246 7.8527
9 5
‘He u - 12.288 | 3.3964 - 20.3301 32.5497
e - 2.72712 | 3.3685 - 2.45813 5.14774
Total: 4.8222 | 31.9091 | 17.346 1006.73 54.4846 86.1404
6 4
Table 6 (The wrapping vacuum coefficients)
Symbol Particles pairs ( p o [2] o
means p;)
'H u 1.0008 259.985
e 1.00115 58.4948
‘He u 1.00106 361.795
e 1.00074 80.9595
Total: 1.00092 183.952
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In[]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

In[«]:=

Tml = AbsoluteTime[];

me = 9.11 - 10731;

my = 1.88356  10°%8;
mt = 3.16751 - 10777;
uplmve = 3.6 < 10736;
uplmvu = 3.39 < 10731;
uplmvt = 3.2445 - 107%%;
mu = 4.2785 « 10739;
md = 8.4675 « 10739;
ms = 1.78266 - 10°%%;
mc = 2.22833 - 10°%7;
mb = 8.46765 - 1077 ;
mt = 3.052 - 10°%;

VU = 3.6 - 10%9;
Na = 7.39 - 107%;

a4
VA== 7 (rd - rain) 5
3

mo = me;
C = 299792458;
h = 6.6260755 ~ 10734;
h
h=—;
27
VAp, = 6.12611 - 10732;
VAp, = 1.20599 - 107*';
VAp; = 9.0059 - 107%;
VAp, = 1.43257 ~1073%;
VAp; = 2.25659 ~ 1073";
VAp, = 1.14899 -~ 107%;
VAp, = 1.14616 - 1073°;
VApg = 5.57109 - 1073°;
VAp, = 1.4133 - 10°%;
VAp,, = 4.1846 - 107%%;



2 The First Part of the Program New SCCPERVMUR.nb

il 1= A =0.739;
A, = 0.24;
A; = 0.0104;
A, = 0.0046;
As = 0.0013;
Ag = 0.0011;

Ay = 0.00096;
Ag = ©.00065;
Ay = ©.00058;
A = ©.00044;

In[-]:= Ppin t= 1071
inf-7:- 1min := 10%° 1P

inf-]:= 1P := 1.616255 ~ 10°3°

Note: Imax depends on 6 and vice versa (including dependence on MMAX), see the inequalities
below.

inr-1- lmax := 2.00008 < 107

1= lmax2 := 2107

in[-]:= € = T[1min + NMAXd] - (MMAX - 1) &;
i1~ €2 = T[1min + NMAX d2] - (MMAX - 1) &2;
/-]~ €3 = T[1min + NMAX d3] - (MMAX - 1) &3;
i1~ €4 = T[1min + NMAX d4] - (MMAX - 1) 54;
/o[- PHpax = 2.5+ 1071;

in[-]:= rHepax = 3.1 10'11;

In[-]:= POpax = 6 10'11;

In[-]:= PCpax = 7 10'11;

in[-]:= PNepax = 3.8 » 107115

In[-]:= PFepax = 1.4 10'19;

il 1= PNpax = 6.5 1071;

In[-]:= PSipgy = 1.1+1071%;

[ ]= PMgpay = 1.5 1071%;

In[~]:= PSpax = 10'1°;
in[-]:= Pmax = MHmax;
2
In[~]:= q ¢= —
3
2 2
1 3+16x 7= 12
In[-]:= AT[1_] 1= = x
€ 3.16xMC g2

hZ



In[«]:=

In[«]:=

In[]:=

In[]:=

In[«]:=

In[«]:=

In[e]:=

In[e]:=

In[«]:=

In[e]:=

In[«]:=

Oout[-]=

In[«]:=

In[«]:=

Oout[-]=

In[e]:=

In[e]:=

In[e]:=

Out[-]=

v[l_] :=
14+ %4 % 12
81[t_]:=qt
AL := 1Imax - 1min
AL2 := 1max2 - 1min
AL

d:= —
50

AL2
50

MMAX:=104
& :=1.54803 ~ 107

62 :=1.54803 10724

The First Part of the Program New SCCPERVMUR.nb | 3

me? c? . 2
1 1 Imin+aAl \/3+15X = (Imin + AL)
5=- 0 — x N
2 104 c 3+16x " (Imin + AL)?
me? c? . 5
) 1 1 1lmin+AL2 \/3+16>< = (Imin + AL2)
2= —x N
2 104 c 3+16x ™S (Imin + AL2)2
AL
NMAX = Floor [—]
d
50
"NMAX2==NMAX"
11 1Imin+AL \/3 +16 x ”9;‘2 (Imin + AL)2
MMAX = Ceiling[~ = x « -
24 ¢ 3+16x ™= (Imin+AL)?
104
"MMAX2==MMAX"
MMAX &
no :=0
mo? c? e 2
11 1min \/3 +16x —— 1min
MMAXN® = — = x x >
29 c 3+16x mahzc 1min?

1.00531



4 The First Part of the Program New SCCPERVMUR.nb

In[«]:=

Out[e]=

In[«]:=

Out[e]=

Out[e]=

In[«]:=

Out[e]=

out[«]=

moeo = Floor [MMAXNO]
OKpyrneHme BH13

1
Reduce[rmfLn > - Abs[l+qAt[1l]], 1, Reals]
npuBecTu 2 abcontoTHoe 3HaYeHne MHOXECT!

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

corresponding exact system and numericizing the result.
-2.x10 M <1<2.x10"

1

Pmin
v[l] 3 At[1]

1
Reduce[r‘min > — Abs|1 -

1
+— qAt[1] ] s 1, Reals]
npuBeCTU 2 |a6contotHdets 2

MHOXeCT

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

corresponding exact system and numericizing the result.

-1.99992x10° ! <1 < 2.00008 x 101!

1
Reduce[r‘max > — Abs[l+qAt[1l]], 1, Reals
npueectu 2 abcontoTHoe 3Ha4yeHne MHOXECT!

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

corresponding exact system and numericizing the result.

5.x10 1 <1<5,.x1071!

1 1 1
Reduce[r‘max >—-—Abs|l-——— &+ ; qAt[l] ] s 1, Reals]

Pmax
npueecTu 2 a6COﬂI-OTHa€"3 MHOXECT!

v[1]; at[l]

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

corresponding exact system and numericizing the result.

~4.99997 x1071! <1 < 5.00003 x 10711

in[-]:- DO[If[i=0, Print[1];

YCMOBHbIN:** [MevaTaTb
je =13, Null];
nycToun
If[i>18&&1i <10, Print[9281i];
YCIOBHbIN onepaTop neyaTtatb
ji =9281i;, Null], {i, @, 10}]

nycTomn
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1
928
1856
2784
3712
4640
5568
6496
7424
8352

9280

in[-]:= Table[rle n,m = MPmins» {N, @, NMAX}, {m, @, MMAX}];

in[-]:= Table[Pg,n,m = Pmin» {N, @, NMAX}, {m, @, MMAX}];

In[-]:= For‘[a =0, yno,moe < Mmax> a++, If[a==0, Print["a=", @, " ", "ra=", N[Ppin]1, Null];
Do[ln = 1lmin + nd;

Do[tm =més;

1

I"1&1+1,n,m =
4 (r'la,n,m +ty V[ln] )

(ln (2 I":l-a,n,m"'tmv[]-n]) +2 (rla,n,m"'tmv[ln]) (r‘la,n,m‘tmv[ln] +61[ty]) +'\/(8 tn
v[1h] (r‘la,n,m"'tmv[ln]) (1, I":l-a,n,m"'z (rla,n,m+tmv[1n]) (rla,n,m+61[tm])) +
(1, (2 r‘:I-a,n,m*'tm"[]-n]) +2 (rla,n,m"'tmv[ln]) (rla,n,m_tmv[ln] +61[tm]))2))3

Faii,n,m = r'1.':1+1,n,m3

r‘:La,n,m =5

t,=., {m, O, MMAX}];
1,=., {n, 0, NMAX}];
Iffa>08 (a==Jolla=Jilla=Jzlla=Jslla=Jslla=Js|la=Jglla=7J;|]a=

j8 |l a== j9 |l a== jm): Print["a=“) a, " “) "ra,ne,m00="_v r‘a,ne,moe]) NUII]] // Timing



6 | The First Part of the Program New SCCPERVMUR.nb

a=0 r,=1.x10™ %

a=1 r,, ne,mee=1.00016 x 10™ ™
a=928 Iy no,mao=1.14998 x 107!
a=1856 r, ng,mee=1.29996x 10~
a=2784 r, ne,mee=1.44995x 107
a=3712 r, ng,mee=1.59993 x 10~
a=4640 r, ng mee=1.74992x 10"
a=5568 I, ne,mee=1.8999 x 107
a=6496 I, ng,nea=2.04989 x 10~
a=7424 r, ne,mee=2.19987 x 107
a=8352 r, ng,mee=2.34986x 10~

a=9280 r, ng,mee=2.49984x 107

Out[-]=
(5042.39, Null}
n[-]:= s=a-1
Out[«]=
9280
In[-]:= T9280,n0,me0
Out[e]=

2.49984x 10 1
in[-1-= Table[Rg1 = Interpolation|[
Flatten[Table[{{1lmin +nld, m16}, ry,ni,m}, {n1l, @, NMAX}, {ml1, @, MMAX}], 1],
InterpolationOrder - 5];, {ki1, 1, s}];
Ria[1, t]
in[-]:- Do[Print[101i]; f; = 1013, {i, 1, 5}]

10
20
30
40

50
In[+]:= Do[lal = 1min + ald;
If[al==0 || al==1, Print["al=", a1, " ", "1,1=", 1,11, If[al==F; || al==F, ||
al == 'F3 || al == 'F4 | ] al == 'Fs, Pr‘int["al:", al, " "’ "1a1=", 1a1], Nul]_]’ Nu]_]_];

Do[tbl - bl &;
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If[(b1:=20 || bl=21]||bl==MMAX)&& (@a1=20 ||al==1]||al==F;|]|al==+F, ]

al==f3||al="F, || al=="Fs), Print["b1=", b1, " ", "tp=", tp1], Null];

2
1 7T 7T
Id31,1,p1 = | = - +
’ 2 la1 toy Lag thy
Lo -—— —+61[tu] Lo -—— —+61[ty]
thr+ o1+
Ar‘cTan[ e - ] Ar‘cTan[ L) . ]
1, 1 1.t
2\/.«;“-% [131_‘—:;“»,51[%1]] z\/r,{dn_; [1a1-’—r::n+f51[tm]]
tpy+——— tpy+——
v[la1] vIla1l
n?c? 3 ) 4
2 X +mO° ¢’ +
16 1 1a1 thy 1 2
a1 = e +61[tp]
LT
2
A :
la1 thr
k2=1 2 lal_t Bz Ut +61[tp]
ArcTan[ SR ]
2
1 1at
2 [ (Rella,te])?-3 [131——t Y +51[tb11]
T
7
+2
la1 toy
lal_t Ricz [La1 s th1 ] +61[tp]
ETEN)
ArcTan| -
1 1t
2 [ (Rellaste])?-3 [131-T‘la‘jw+él[tm]]
T
n?c? 3 ) 4
X +mO° c” |;
16 lag thy ?
—at bl
131 - t +Rk2[131)tb1] +61 [tbl]
P )

tp1=., {bl, @, MMAX}];

f~a N AIMAVA -l
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al=0 1,,-1.61626x10°*°
b1=0 t,,=0.

bl=1 ty;=1.54803 x 1072*
b1=104 ty,;=1.60995 x 102
al=1 1,,=4.016x 10723
b1=0 t,,=0.

bl=1 ty;=1.54803 x102*
b1=104 ty;=1.60995 x 102
al=10 1,,-4.00145x 10 *?
b1=0 t,,=0.

bl=1 ty;=1.54803 x 102*
b1=104 ty;=1.60995 x 102
al=20 1,,-8.00129 x10°*?
b1=0 t,,=0.

bl=1 ty;=1.54803 x 1072*
b1=104 ty;=1.60995 x 102
al=30 1,,=-1.20011x 10
b1=0 t,,=0.

bl=1 ty;=1.54803 x102*
b1=104 ty;=1.60995 x 102
al=40 1,,-1.6001x 10
b1=0 t,,=0.

bl=1 ty;=1.54803 x102*
b1=104 ty,;=1.60995 x 102
al=50 1,,-2.00008 x 10!
b1=0 t,,=0.

bl=1 ty;=1.54803 x1072*

b1=104 ty;=1.60995 x 102

in[-1-= IdJ11 = Interpolation]
Flatten[Table[{{1lmin +alld, b1l 6}, IdJ1.1,,1}, {all, O, NMAX}, {bl1, @, MMAX}], 1],

InterpolationOrder - 5];

IdJ11[1, t]
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in[-]:= Plot[IdJ11[1, t], {1, 1lmin, 1lmax}, PlotRange -» {-10, 10}]

Out[e]=

In[

In[

In[

In[

In[

In[

10

(8}
— T T

A n n T n n

T

n

n

T

n

n

1

5.0x107"?

|
(8]
T T T

-10

1.0x107""

15x10™"

2.0x107""

From here we can see that this computation is correct.

t=.

1
T[1_ ] := — At[1]
2

Il.t>ell
1t
Alyin 2= —
t + min
v[l]
1 (i At[1] - t)
Almpyi, = " —
2At[l] -t 4 lue
2 vi1]
T
Nlpin =
ArcTan [ 1-Aly,+61[t] ]
2 4[rdin-3 (L-Alpessl[tD)?
T
N1myi, :=

ArcTan

1-A1m,"i,,+51[-§ At[1] +t]

[2 \/r-fm-% (1-a1myyeo1[3 ati114t])’

]



In[«]:

In[«]

In[«]:

Out[e]=

In[«]:

In[«]:

In[«]:

Out[e]=

In[«]

In[«]

In[«]

In[«]

In[«]:

Out[e]=

In[-]:

In[«]:

In[-]:

Out[«]=

In[«]:

In[«]:

In[-]

Out[e]=

The First Part of the Program New SCCPERVMUR.nb

- 1 = 1max;
1

- t=-At[l];
2

= N:I-min

2.00106

- 1=1.99999 -1071;
1
- t=-aAt[l];
2
= Nlmmin
2.00403

It must be equal to 2.
- 1=,
- 1=1min;

= Nlmmin

38689.2

[
=

]
.

- t=.

The results are different due to the dispersion.

min

Reduce[r‘2 2 (l—Almmin +<51[E At[1] +t])2 >0, 1]
4 2

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

corresponding exact system and numericizing the result.

2.x10 M <1<2,.x107

The extremal upper value is to be when the equality to zero is executed.
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2 1 1 2
In[-]:= NSolve[r‘min - - [1 - Almy;, + 61[— At[1] + t]) =0, 1, Reals]
4 2

Out[e]=
{{1>-2.10199x 107"}, {1-2.10199x 16"} }

This result is abnormal.

1= 1=1.99999 «107';

In[«]:

. . 2 1 1 2
Slmpllfy[r‘min - - (1 - Almy;, + 61[— At[1] + t]] 2 0]
4 2
Out[«]=

True

In[+]:= Do[laz = 1min + a2 d;

If[a2 =0 || a2==1, Print["a2=", a2, " ", "1,,=", 1], If[a2==Ff; || a2=F;, ||
a2:==f3 || a2==Ff, || a2 == f5, Print["a2=", a2, " ", "1,,=", 1,51, Null]];
DO[tbz =b26;

If[(a2==0||a2==1) & (b2 =20 || b2 ==1 | | b2 == MMAX) , Print["b2=", b2,
"M Mtee=", el If[(A2=F || @2==f; [|a2=f;3 || a2==f, || a2 == f5) &
(b2 20 || b2=1|]| b2 == MMAX), Print["b2=", b2, " ", "Tp=", Tpa], Null]];

1 1
Jlaz,b2 = NIntegrate[IdJ11[l., t], {t, Tp2, T[la2]}1;

T[1la2] - Th2 T[1la2]

Tp2 =., {b2, 0O, MMAX}];

1,=., {a2, @, NMAX}]
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In[«]

Out[«]=

In[«]:

Out[«]=

In[«]:

The First Part of the Program New SCCPERVMUR.nb

a2=0 1,,-1.61626x10°*°
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10"
b2=104 ty,=1.60995 x 10~
a2=1 1,,=4.016x 10723
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10~
b2=104 t,,=1.60995 x 10~
a2=10 1,,-4.00145x 10 *?
b2=0 T,,=0.

b2=1 tp,=1.54803 x 10~
b2=104 ty,=1.60995 x 10~
a2=20 1,,-8.00129 x 1012
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10~
b2=104 ty,=1.60995 x 10~
a2=30 1,,-1.20011x 10
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10~
b2=104 ty,=1.60995 x 10~
a2=40 1,,-1.6001x 10!
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10~
b2=104 ty,=1.60995 x 10~
a2=50 1,,-2.00008 x 10!
b2=08 T,,=0.

b2=1 tp,=1.54803 x 10~

b2=104 t,,=1.60995 x 10~

1]
1.54803 x 10>
T[1min]
1.55625x 10
J11 = Interpolation|
Flatten[Table[{{1lmin +a22d, b22 6}, J1.; 22}, {322, O, NMAX}, {b22, 0, MMAX}], 1],

InterpolationOrder -» 5];



The First Part of the Program New SCCPERVMUR.nb | 13

J11[1, <]

in[-]:= DO[If[(a==F1||a=F,||a=Fz||a="F4]||a=~Fs), Print["a=", a], Null];

1, =1min+ad;
Intl, = NIntegrate[J11[1,, ], {t, 0, T[1,] -€}];

1,=., {a, 9, NMAX}]

in[-1-= F1 = Interpolation[Table[{1min + a3d, Intl,3}, {a3, ©, NMAX}], InterpolationOrder -» 5];

in[-]:= I1 = NIntegrate[F1[1], {1, 1Imin, 1max}]

Out[e]=

8.64509 x 10712

1
i1~ N[— Na 11]

1P
Out[«]=
3.95279 x 10'%
A new interesting structure is found, it must be investigated.
inf[-]:= t:=46
-1 Plot[IdJ11[1, t], {1, 1min, 107*?}, PlotRange - {-10, 10} ]
Out[«]=
10
5;
2100 410 ex10®  _ge10®  1x10"
5
—10;

Following from the plot, we must write

ii-]= FindRoot[IdJ11[1, t] =0, {1, 4107°}]

out[e]=
{1->4.06607x10 " +0. i}
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ii-J:- FindRoot[IdJ11[1, t] =@, {1, 8 <107}]

Out[«]=
{1 57.83835x10° 3 1 0. i}

In[-]:= t=.
mn[-1:= Plot[F1[1], {1, 1lmin, 1max}, PlotRange » {-1.5, 1.5}]

out[«]=
151

1.0

A

n 1 n n n n 1 n n n n 1 n n n n 1
5.0x107"2 1.0x107" 15x10™" 2.0x107""

—15b
inl-1= Plot[F1[1], {1, lmin, 2 -107**}, PlotRange » {-1.5, 1.5} ]

Out[«]=

1.5

1 1 1 1

50x107" 1.0x107"2 15x107"2 2.0x107"?

-05fF

-1.0f

_15LC
In[-]:= U@ := nO
In[-]:= WOO := moo

in[-]:= Table[rlmg,,,w = Fmin;» {U, 0, NMAX}, {w, 0, MMAX}];

in[-]:= Table[rmg,y u = Pnin;» {U, ©, NMAX}, {w, ©, MMAX}];
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In[]:= For‘[a4 =0, Mys,ue,we0 < Mmaxs a4 ++,
If[a4 =9, Print["a4=", 0, " ", "rmy=", N[Ppin]], Null];
Do [lmu = 1min + ud2;
Do[tmw = —w2;

1

r‘:I-ml+a4,u_,w =
8 rlmyg,y,w+4Vv[1Imy] (2tm, + At[1m,])

At[1my]

[4 rim2, .+ 4 rimg [1mu +61 [—tmw +
ERat 2

]] +v[Im,] (2tm, +At[1m,]) [lmu+

At[1m,]

261[—tmw+ ] -v[lm,] (Ztmw+At[1mu])] +\/[8v[1mu] (2tm, + At[1my])

(2rimy, y  + V[Imy] (2tm, + At[1m,])) [lmLl rlMag, y,w + [r‘lma‘;,u,w + 61 [—tmw +

At[1m,]
—

(2rlmyy .+ V[1Imy] (2 tm, + At [1m,] ))] + [[2 rimgg, u,w+

At[1m,]

261[—tmw+ ]—v[lmu] (Ztmw+At[1mu])] (2P, + V1M, ]

2
(2tm, + At[1my])) + Imy (4 rimy,,,,, +V[1Im,] (2 tmw+At[1mu]))] ]],

rMags1,u,w = r':I-ma4+1,u,w.;
r‘1ma4,u_,w =
tm, =., {w, 0, MMAX}];
im,=., {u, O, NMAX}];
If[ad > 08K (ad = Jo | | ad =y || ad =J; || ad = J3 | |

a4 =73, ||ad=7Js||ad=J¢||ad=73;||ad=7Js||ad=7Jg || ad=7J),

Pr‘int["a4=", a4, " ", "r‘ma4lu9’wga=", r‘ma4’u0,wae], Null]] // Timing
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a4=0 rmy=1.x101!

a4=1 rMay,u0,u0e=1.00016 x 107"
a4=928 rmMay,ue,wee=1.14999 x 107"
a4=1856 PMay,uo,woe=1.29998 x 107"
a4=2784 rMay,uo,woe=1.44997 x 1071
a4=3712 PMay,ue,woe=1.59995 x 107"
a4=4640 My, uo,woe=1.74994 x 107"
a4=5568 rMay,uo,woe=1.89993 x 107"
a4=6496 My, uo,woe=2 04992 x 1071
a4=7424 rMay, ue,woe=2.19991 x 1071
a4=8352 Py, uo,ue0=2-3499 x 107"

a4=9280 rMay, uo,woe=2.49988 x 107"

Out[«]=
(9193.53, Null}

in[-]:= sm=a4 -1
Out[«]=
9280
In[~]:= FMg280,u0,we0

Out[e]=

2.49988 x 10 1
in[-1-= Table[
Rmy; = Interpolation[Flatten[Table[{{1lmin + uld2, -wl &2}, rmg;, u1,m}, {ul, @, NMAX},
{wl, 9, MMAX}], 1], InterpolationOrder - 5];, {k3, 1, sm}];
Rms[1, t]
In[-]:= Do[las = 1lmin + a5d2;
If[a5==@ || a5==1, Print["a5=", a5, " ", "l,;5=", 151, If[a5==Ff; || a5=F;, ||
aS==f3 || a5="F, || a5 =Ffs, Print["a5=", a5, " ", "l,5=", 1,51, Null], Null];
Do[t,,5 = -b5 62;
If[(b5:==0||b5==1]|b5==MMAX) & (a5 =0 ||a5==1]||a5==F, || a5=F, ||

aS==f3 || aS=F, || a5 =F5), Print["b5=", b5, " ", "tys=", tps], Null];
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2
1 7t
Idjzas’bs = - ) -
2 las (’2 At[las]+tbs) 1
Los-—2———— +61[ At[Lys] -tos ]
;At[lasl*tbs*v T" 2
ArcTan [ - Las) - ]
Ls (5 8t [Las] +tis)
1 1
2 [rli-d |Las-r— - #61[] At[las]-tss]
= At[las]+tpse—
2 Vilas]
T
+2
1
las |- At[las]+tps
las_M +51[3 Atllasl—‘tbs]
;At[135]+t,,5+v[’:‘"] 2
ArcTan [ e . ]
las (- At[1las]+tps
2 [rhn-g 135-(‘—,)”51[3 At [Las] - tos
4 3At[1 5] 4tps s 2
20 vilas]
hz Cz 3 2 4
X +mo“ ¢’ +
1 2
16 las (; At[15] +t|,5) 1
laS‘ 1 1 [ +61[; At[]-as] 'tbs]
5 AtL as]"‘tbs"‘v[las]
2
sm 1 -
Z 2 Lis (3 8t 0%as1 vtus)
k4=1 _ 2 1 _
T
ArcTan D)
s 1 Las (’; At[lasl*tbs) 1 ?
2 | (Rmgq[las,tes])"-7 [las-7 PR +<‘31[—2 At[1l,5] —tbs]
;At[1a5]+tbs+[17
vilas]
T
+2
1
Las (’z At[1a51+tbs) 1
Las-1 Rieq [1as > ths ] +61 [_2 At[1as] —tbs]
;At[las]i‘tbs-\»Tﬂ
ArcTan [ 2 ]
1 2
) 1 Lis [ atiLas] vtis) N
2 [ B as,tis]) 25 | Las= i s w01 [ at s tis]
2o Vilas)
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X 5+ me* c*
16 las (% At[1s5] +tb5)
1,5 -

+ 51[§ At[1as] - tus]

Rilia [1as 5 tos ]

1
5 At[1,5] +tps+ Vil

tys =., {b5, 0, MMAX}];
1,5 =., {a5, 0, NMAX}]
a5=0 1,5=1.61626x10° >
b5=0 t,5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=1 1,5=4.01584 x 10713
b5=0 tu5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=10 1,5=4.00129 x 10712
b5=0 tu5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=20 1,;=8.00097 x 10712
b5=0 t,5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=30 1,5=1.20006 x 10°*
b5=0 tu5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=40 1,5-1.60003 x 10!
b5=0 t,5=0.
b5=1 tps=-1.54803 x 102
b5=104 tps=-1.60995 x 102
a5=50 1,5=2.x1071!
b5=0 tu5=0.
b5=1 tps=-1.54803 x 102

b5=104 tps=-1.60995 x 102
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in[-]:= 1dJ22 = Interpolation[Flatten[Table[{{1lmin + a55d2, -b55 62}, IdJ2;s5 55},
{a55, 0, NMAX}, {b55, @, MMAX}], 1], InterpolationOrder - 5];
IdJ22[1, t]

nf-1:= t 1= -462

m[-1:= Plot[IdJ22[1, t], {1, 1lmin, 1max2}, PlotRange -» {-10, 10}]

Out[«]=

107,
5,

[ ﬁ n 1 n n n n 1 n n n n 1 n n n n 1

b 5.0x 107" 1.0x107" 1.5%10™" 2.0x10™"

-5+
10t

From here we can see that this computation is correct.
In[-]:= t=.

In[-]:= Do[lae = 1lmin + a6 d2;

If[a6==0 || a6 == 1, Print["a6=", a6, " ", "l,=", 1], If[a6==F;, || @6 ==F, | |
a6 ==f3 || ab==F, || a6 == f5, Print["a6=", a6, " ", "lie=", lig], Nulll];

Do[tbs - b6 52;

If[(a6==0 || a6b=21) & (b6 =20 | | b6 == 1 | | b6 == MMAX) , Print["b6=", b6,
"M, "tee=", Toels If[ (@6 == F; || @6 == f; || @6 == f3 || @6 == f4 | | a6 == f5) &&
(b6 20 ||b6==1|]| b6 ==MMAX), Print["b6=", b6, " ", "Tpe=", Tpgl, Null]];

1 1
J2a6,b6 = NIntegr‘ate[Idjzz[laS) t]) {t) T[laG] + The»s 2T[1a6] }]5
T[las] - Tos T[lasl

Tps =-, {b6, O, MMAX}];

1,6=., {a6, 0, NMAX}]
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a6=0 1,,=1.61626x10°*°
b6=08 Tue=0.

b6=1 Tug=1.54803x10 >
b6=184 T,=1.60995 x 18 %2
a6=1 1,,=4.01584 x 103
b6=08 Tue=0.

b6=1 Tyg=1.54803x10 >
b6=184 T,=1.60995 x 18 %2
a6=10 1,,=4.00129 x 1012
b6=0 Tue=0.

b6=1 Tug=1.54803x10 >
b6=184 T,g=1.60995 x 18 %2
a6=20 1,,=8.00097 x 1012
b6=0 Tue=0.

b6=1 Tug=1.54803x10 >
b6=184 T,=1.60995 x 18 %2
a6=30 1,,=1.20006 x 10!
b6=08 Tue=0.

b6=1 Tyg=1.54803x10 >
b6=184 T,=1.60995 x 18 %2
a6=40 1,,-1.60003 x 10!
b6=08 Tue=0.

b6=1 Tyg=1.54803 x10 >
b6=184 T,=1.60995 x 18 %2
a6=50 1,5=2.x107 1!

b6=08 Tue=0.

b6=1 Tug=1.54803x10 >

b6=184 T,=1.60995 x 18 2

in[-]:= J22 = Interpolation]|
Flatten[Table[{{1lmin + a66 d2, b66 52}, J2.66,b66} » {a66, @, NMAX}, {b66, O, MMAX}], 1],
InterpolationOrder - 5];
322[1, t]
in[-]:- DO[If[(am=F, || am==F, || am==Ff3 || am=f, | | am == f5) , Print["am=", am], Null];

1., = Imin + amd2;
Int2,, = NIntegrate[J22[1,,, T], {T, O, T[1l,y] - €2}1];

l.n=., {am, 8, NMAX}]
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am=10
am=20
am=30
am=40

am=50

in[-]:= F2 = Interpolation[Table[ {1min + a7 d2, Int2,;}, {a7, ©, NMAX}], InterpolationOrder -» 5];

in[-]:= I2 = NIntegrate[F2[1], {1, 1min, 1max2}]

Out[«]=
8.65711 x 10712

1
- N[= NaIZ]
1P

Out[«]=
3.95829 x 10193

A new interesting structure is found, it must be investigated.
n[-]:= ti=-4862

mi-1- Plot[Id322[1, t], {1, lmin, 10'12}, PlotRange - {-10, 10} ]

Out[e]=
10 -
5,
2x107" 4x10"° 6x107"° %1071 1x10712
-5+
-10b

Following from the plot, we must write

il ] FindRoot[IdJ22[1, t] =0, {1, 4 <107}]

Out[«]=

{1-4.06592x10 %}
imi-]= FindRoot[IdJ22[1, t] =0, {1, 8 <107}]

out[e]=

{1-7.83798x 19‘13}

In[«]:= t =,
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mm[-]:= Plot[F2[1], {1, 1lmin, 1max2}, PlotRange -» {-1.5, 1.5}]

Out[e]=

1o}
0.5&

-05F

n 1 n n n n 1 n n n n 1 n n n n 1
5.0x107"2 1.0x107" 15x107" 2.0x107""

—15b

i1 Plot[F2[1], {1, 1min, 2 <107}, PlotRange » {-1.5, 1.5} ]

Out[e]=
151
n 1 n n n n 1 n n n n 1 n n n n 1
50x107" 1.0x107"2 15x107"2 2.0x107"2
-05F
-1.0F
_15L
mf-]:= 10 = I1 + I2
Out[e]=
1.73022x10° M
1
in[-]:= N|— Al Na IO]
1P
Out[«]=

5.84629 x 101
1
N [— A, Na Ie]
1P
in[-]:= Tm2 = AbsoluteTime[];

in[-1-= ComputationTime = Tm2 - Tml

Out[e]=
40279.5239986



The free vacuum energy

10
1= Vs 1= VU= 3" (VAp; A; Na)

i=1
The forward motion
In[+]:= Do[lal = 1min + ald;
If[al=0 || al==1, Print["al=", al, " ", "lu=", 1y], If[al =Ff; || al=F, ||
al=Ff3||al==Ff, || al=Ffs, Print["al=", al, " ", "1u=", 1,11, Null]];

DO['I:B]_ - B16;

If[(al==0||al==1) &% (B1==0 || B1==1]]| B1==MMAX), Print["B1=", 1,
"My "tp="s Taal, If[(al=Fy | |al=Fh | [al=Fs || al=f, || al = f5) &&

(B1==0]|Bl==1]|] p1==MMAX), Print["B1=", B1, " ", "Tg=", Tp1], Null]l];

1 Vs n?c? 3
3341,1 = — NIntegrate x +mo? c*
T[1lal - Tp1 (Lgpm6L[E1) > 16 (1g+61[t])?2

{t, o1, Tllal}] % ;
T[lal]

Tp =, {B1, 0, MMAX}|;

1y =., {al, O, NMAX}]
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01=0 1,,=1.61626x10°*°
B1=0 Tz=0.

Bl=1 t5=1.54803x10° %
1=104 T,4=1.60995x 107>
ol=1 1,,=4.016x 103
B1=0 Tz5=0.

Bl=1 t5=1.54803x 107
1=104 T;4=1.60995 x 107>
01=10 1,,=4.00145 x 10712
B1=0 T45,=0.

Bl=1 t5=1.54803x10° %
1=104 T4=1.60995 x 107>
01=20 1,,=8.00129 x 1072
B1=0 Tz5=0.

Bl=1 t5=1.54803x 107
1=104 T;4=1.60995 x 107>
01=30 1,;=1.20011x 10
B1=0 Tz5=0.

Bl=1 t5=1.54803x 107
1=104 T,4=1.60995 x 107>
01=40 1,,=1.6001 x 10!
B1=0 Tz=0.

Bl=1 t5=1.54803x 107
1=104 T;4=1.60995 x 107>
01=50 1,,=2.00008 x 10!
B1=0 Tz5=0.

Bl=1 t5=1.54803x 107

1=104 T,4=1.60995 x 107>

in[-1:= 333 = Interpolation]|
Flatten[Table[{{1lmin + alld, B11 6}, I3,1,p1}, {all, O, NMAX}, {311, O, MMAX}], 1],
InterpolationOrder - 5];
333[1, t]
inf-]- DO[If[(ot=F1 || a=Fy || a="Ffs]||az="F4||a=Fs), Print["a=", a], Null];

1, =1min+ad;
Int3, = NIntegrate[J33[1,, t], {t, 0, T[1,] -€}1];

1,=., {a, 0, NMAX}]



In[«]:=

In[«]:=

Out[«]=
5.11251 x 10°8
1
- N[ = 13]
1P
Out[«]=

3.16318 x 103
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F3 = Interpolation[Table[ {1min + a3d, Int3,}, {a3, @, NMAX}], InterpolationOrder - 5];

I3 = NIntegrate[F3[1], {1, 1min, 1lmax}]

It is needed to check for a new interesting structure may be found, it must be investigated.

mi-1= Plot[F3[1], {1, lmin, lmax}, PlotRange » {-510'*, 5.10'"'}]

5.0x107"2

1.0x10™" 15x107" 2.0x107""

imi-1- Plot[F3[1], {1, 1min, lmax}, PlotRange » {-2 10", 2. 10'"'}]

Out[-]=
4x10""
2x10™"
-2x10""
—-4x10"
Out[«]=

1x10""

PN L

L L i

-1x10"" +

5.0x107"?

1.0x10™" 15x10™" 2.0x107""
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i~ Plot[F3[1], {1, lmin, lmax}, PlotRange » {-2 10", 2. 10'°}]

Out[«]=
2x10"0 -

1x10"°

5.0x107"2 1.0x10™" 15x10™" 2.0x10™"

-1x10"0 +

—2x101101
inl-1= Plot[F3[1], {1, 1min, 107*?}, PlotRange - {-2 10", 2. 10'*°}]

Out[«]=
2x10"0 -

1x10M0 -

[ . ! N /_1

n n n n n n 1 n n n n n
2x107"® 4x1Q"® 6x107"3 107" 1x107"?

-1x10"0

2«10 L
mi-1= Plot[F3[1], {1, 8 <107%%, 2..107'?}, PlotRange » {-10""°, 10"°}]

Out[e]=
1x10"°

5x10'% -

- 1

1.0x107"2 12x10™"? 1.4x1072 16x107"2 1.8x107'? 2.0x107"?

-5x10"% -

-1x10" b
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i Plot[F3[1], {1, 16*%, Imax}, PlotRange » {-5 - 10'", 5.10'%'}]

Out[«]=

4x10"" -

2x10"" -

[ " " 1 1

5.0x107" 1.0x10™" 15x10™" 2.0x107""

-2x10"" -

—4x10" -

Following from the plots, we must write
inl-]:= FindRoot[F3[1] == @, {1, 4 -107°}]

*=*' FindRoot: The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was

unable to find a sufficient decrease in the merit function. You may need more than MachinePrecision digits of working
precision to meet these tolerances.

Out[«]=
{1-4.016x 1@*13}

ini-J- FindRoot[F3[1] =@, {1, 8 -107%}]

*/ FindRoot: The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was

unable to find a sufficient decrease in the merit function. You may need more than MachinePrecision digits of working
precision to meet these tolerances.

Out[«]=
{1-8.01583x 10*13}

imi-= Ir3 = NIntegrate[F3[1], {1, 1min, 4.016 <107°}] -
NIntegrate[F3[1], {1, 4.016 -10™*’, 8.01583 < 107°}] +

NIntegrate[F3[1], {1, 8.01583 107", lmax}]

Out[e]=

5.71398 x 10°%
1
In-]:= N[— Ir3
1P

Out[e]=
3.53532 x 19133

The backward motion
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In[-]:= Do[laz = 1min + a2 d;
Iffa2 =0 || a2==1, Print["a2=", a2, " ", "l,=", 142], If[a2==F1 || a2 ==F;, | |
a2 =f3 || a2 = f, | | a2 = fs, Print["a2=", a2, " ", "1,5=", 1,2], Null]];
Do, = -B2 65
If[(a2 =0 || a2==1) & (B2 ==0 | | B2 ==1 | | B2 == MMAX) , Print["B2=", B2,
mM MTaa=", Taal, IF[(a2=F || a2=Ff, || a2=Ffy || a2 =F, || a2 = fs5) &&

(B2==0 || B2=1 ]| B2 = MMAX) , Print["p2=", B2, " ", "t[32="1 Tp2ls Null]j];

1 Vs
J4,;,30 = — NIntegrate
T[1la2] + Tp2 (1az +61[§ At[1,] —t])3
7% c? 3 ) 4 1
x - - +mo? c*, {t, T[Leol - a2, 2T[Laal} ] x ;
16 (1a2+51[; At[l,] - t]) T[1s1

Tp2=.» (B2, 0, MMAX}];

1p=., {a2, O, NMAX}]



In[]:=

02=0 1,,=1.61626x10°*°
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=1 1,,=4.016x 103
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=10 1,,=4.00145 x 10712
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=20 1,,=8.00129 x 1072
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=30 1,,=1.20011x10°
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=40 1,,=1.6001x10°*
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

02=50 1,,=2.00008 x 10!
/3226 tBZZG'

2=1 t45,=-1.54803x10°%*

32=104 T4=-1.60995 x 1072

J44 = Interpolation[

The Second Part of the Program New SCCPERVMUR.nb | 7

Flatten[Table[{{lmin + a22d, -B22 8}, 34,2422}, (@22, @, NMAX}, {B22, @, MMAX}], 1],

InterpolationOrder - 5];

J44[1, t]

in[-]:- DO[If[(am==F1 | |am==F, | | am=F3 | | am == f; | | am = f5) , Print["am=", am], Null];

1,s = Imin + amd;

Int4,, = NIntegrate[J44[1,,, t], {T, - (T[1lwm] -€), O}1;

1 =., {am, 8, NMAX}]
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oam=10
am=20
am=30
am=40

oam=50

in[-]:= F4 = Interpolation[Table[{1min + a4 d, Int4,,}, {ad4, O, NMAX}], InterpolationOrder - 5];

in[-1:= 14 = NIntegrate[F4[1], {1, 1min, 1max}]

Out[«]=
5.11251 x 10°8

1
- N[= 14]
1P

Out[«]=
3.16318 x 103

in[-]:= 100 = I3 + I4

Out[«]=
1.0225 x 10%°

1
Inf-]:= N[— 100
1P
Out[«]=
6.32636 x 103

It is needed to check for a new interesting structure may be found, it must be investigated.

i1~ Plot[F4[1], {1, lmin, lmax}, PlotRange - {-4 10'°, 4 10”9}]

out[e]=
4x10"°

2x10"0 1

,J 5.0x107"2 1.0x10™" 15x107" 2.0x107""

—2x10"0 -

-4x10"0L
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il = Plot[F4[1], {1, lmin, lmax}, PlotRange » {-210'°, 2. 10'°}]

Out[«]=
2x10"0 -

1x10"°

-1x10"0 +

_2x10110 L

5.0x107"2 1.0x10™" 15x10™" 2.0x10™"

(1= Plot[F4[1], {1, lmin, lmax}, PlotRange -» {-1.5 10'°, 1.5.10'*°}]

Out[«]=
1.5x10'"°

1.0x10"°

5.0x10'%

L L L |

-5.0x10"%°

-1.0x10""°

-1.5x10"°

L o e

5.0x107"2 1.0x10™" 15x10™" 2.0x10™"

i = Plot[F4[1], {1, 1min, 5.107*?}, PlotRange » {-1.5 1'%, 1.5 10'°}]

Out[e]=
1.5x10"°

1.0x 100

5.0x10'%

L e o B |

[\

-5.0x10'%°

-1.0x10"°

-15x10"°

L e e

x10712 2x107"? 3x107"2 4x107"2 5x107"2
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inl-1- Plot[F4[1], {1, 1min, 2 -107*?}, PlotRange » {-1.5 - 10"°, 1.5 10"°}]

rpadouk yHKLMK oTobpaxxaembli AuanasoH rpaduka
Out[e]=
1.5x10""°

1.0x 10"

5.0x10'%

L e s s e e e

/\

n 1 n n n n " 1
50x107" 1.0x107"2 15x107"2 2.0x107"?

-5.0x10"%°

-1.0x10'1°

L e e e

-15x10"°

ini-1- Plot[F4[1], {1, 107*2, 1max}, PlotRange » {-5 -10'%", 5.10'"}]

rpaduk yHKLMN oTobpaxaeMmbli AnanasoH rpaduka
Out[e]=
4x10"" -
2x10"" -
L n n n n 1 n n n n 1 n T d
5.0x107" 1.0x107" 1.5x107" 2.0x10™"
-2x10"" -
-4x10"" -

Following from the plots, we must write

inl-1- FindRoot[F4[1] == @, {1, 4 -107%*}]

HaNTN KOpPeHb

*=*/ FindRoot: The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was
unable to find a sufficient decrease in the merit function. You may need more than MachinePrecision digits of working
precision to meet these tolerances.

Out[e]=
{1-4.016x 1@‘13}

i1 FindRoot[F4[1] == @, {1, 8 <107*°}]
HaNTN KOpPeHb

*=*' FindRoot: The line search decreased the step size to within tolerance specified by AccuracyGoal and PrecisionGoal but was
unable to find a sufficient decrease in the merit function. You may need more than MachinePrecision digits of working
precision to meet these tolerances.

Out[e]=
{1-8.01583x 10'13}
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il = Ird = NIntegrate[F4[1], {1, 1min, 4.016 <107}] -
NIntegrate[F4[1], {1, 4.016 -10*%, 8.01583 107*}] +

NIntegrate[F4[1], {1, 8.01583 107", Imax}]

Out[«]=
5.71398 x 10°®
1
Inf-]:- N[— Ird
1P
Out[«]=
3.53532 x 1033
in[-]:= Ire@ = Ir3 + Ir4
Out[«]=
1.1428 x 10°%°
1
in[-]:= N|— II‘OO]
1P
Out[«]=
7.07064 x 10133
in[-]:= Tm2 = AbsoluteTime[];
in[-]:- ComputationTime = Tm2 - Tml
Out[e]=

41.6397715



Below is the begining of the computation of the free vacuum energy in atoms without the limita-
tion vacuum effect.

These are linear equations.

This is fastest algorithm, as the examination has shown.
inf-]:- lmax3 := 2~ 10° 1!

in[-]:= AL3 := 1max3 - 1lmin

AL
d3 := —
50
inf-]:- &3 :=1.54803 » 10~
1 1 Imin + AL3 1
63=— «— x x
2 104 ¢ \/3 +16x ™S (Imin + AL3)2
h
"NMAX3 ==NMAX"
"MMAX3 = =MMAX"

inf-]:- lmax4 := 21071

in[-]:= AL4 := 1max4 - 1lmin

AL4
In[«]:= d4 := —
50

In[-]:- 64 :=1.54803 ~ 1024

1 1 Imin + AL4 1
84 =—- 1 —x X

2 1e4 ¢ \/3 +16x ’"G;f (1min + AL4)2

"NMAX4==NMAX"
"MMAX4==MMAX"

in[-]:= Table[r2g yi,y1 = Pmin3s {y1, @, MMAX}, {x1, @, NMAX}];

in[-]:= Table[rag,xi,y1 = Pminss {Y1, @, MMAX}, {x1, @, NMAX}];
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For[sl =0, ras; ne,mee < Mmaxs S1++,
If[sl1==9, Print["s1=",0, " ", "ras;=", N[Prpin]], Null];
Do[ly; = Imin + x1 d3;
Do[ty; = y163;

r2g1.1,x1,y1 = P2s1,x1,y1 + 1, +61 [tyils
Pasi.i,x1,y1 = F2s1.1,x1,y13
261, x1,y1 =3
ty1=., {yl, @, MMAX}];
1,4 =., {x1, 0, NMAX}];
If[s1>08& (sl==Jg || Sl==7J1||sl==7z]]|s1l=7J3]]|

S1==J4||sSl==Js||Sl==7Jg|]|SLl==7J7]||s1l==7Jg||sl=7Jg]|]|sl=jie),
Print["s1=", s1, " ", "rasi,ne,nee="» rasi,ne,mee] » Null]] // Timing

s1=0 rag=1.x107

s1=1 rag ne,mee=1.00016 x 107"
51=928 rag,ne,moe=1.14999 x 107"
$1=1856 rag;, ne,meo=1.29998 x 107
s1=2784 rag; ne,meo=1.44997 x 1071
$1=3712 rag;, ne,meo=1-59995 x 107
s1=4640 rag; ne,meo=1.74994 x 1071
$1=5568 rag;, ne,mo=1.89993 x 107
$1=6496 rag; ne,meo=2-04992 x 1071
S1=7424 rag ne,meo=2-19991 x 1071
51=8352 rag; ne,meo=2-3499 x 107"

$1=9280 rag; no,meo=2.49988 x 101
Out[-]=

{1280.97, Null}

in[-]:= p1l=s1-1;

in[-]:- Table[
rags = Interpolation[Flatten[Table[{{1lmin + x11d3, y11 63}, rays,i1,y11}, {x11, 0, NMAX},

{y11, o, MMAX}], 1], InterpolationOrder -» 5];, {k5, 1, p1}];

rags [11 t]

in[-]:= Table[r2mg xo,y2 = Pnin3» {¥2, 0, MMAX}, {x2, @, NMAX}];

in[-]:= Table[ramg xa,y> = Pmins» {Y2, @, MMAX}, {x2, @, NMAX}];



In[«]:

Out[«]=

In[«]:

In[«]:

For‘[sz =0, raMms; no,meo < Mmaxs S2++,
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If[s2==09, Print["s2=",0, " ", "ramg;=", N[Prpin]], Null];

Do [lxz = 1min + x2 d4;

Do[tyz = y2 64;

r2mss,1,x2,y2

ramsz,1,x2,y2

r2Ms; xo,y2 =+ 3
ty2=., {y2, 0, MMAX} |;

= r2Mgz,1,x2,y23

1,=., {x2, 0, NMAX}];

1
= P2Mg3 xo,y2 + 1y + 61 [; At[1,,] +tys s

If[s2>08 % (s2=Jo || S2=J1||52=7J2|]|52=173;]]|

$2=Ja || S2=3Js||S2=J6||52=J71|52=7Js||52=7Jo || S2==Jao),

Print["s2=", s2, " ", "ramsy,ne,mee="5> "aMs2,no,meal » Null]] // Timing

$2=0 ramg,=1.x107 !

$2=1 rams;,ne,nee=1.00016 x 107

$2=928 rams;,ne,mo=1.14999 x 107

s2=1856

$2=2784

s2=3712

$2=4640

s2=5568

$2=6496

s2=7424

$2=8352

$2=9280

rams; ne,mee=1-

rams,ne,mee =1

ramsz ne,mee=1.
rams; ne,mee=1-
ramsz ne,mee=1.
ramsz, ne,mee=2 -
rams; ne,mee=2-
ramsz, ne,mee=2 -

rams; ne,mee=2-

{1798.58, Null}

p2 =s2 -

1;

29998 x 10711

.44997 x 10712

59995 x 101!
74994 x 1071
89993 x 10 M
04992 x 101
19991 x 1071
3499 x 1071

49988 x 10711

Table[ramg = Interpolation[Flatten[Table[ { {1min + x22 d4, y22 64}, ramy, xz2,y22}»

ramg[1,

{x22, 0, NMAX}, {y22, @0, MMAX}], 1], InterpolationOrder - 5];, {k6, 1, p2}];

]
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In[«]:=

Out[«]=

In[«]:=

Out[e]=

In[«]:=

Out[e]=

In[«]:=

Out[e]=

In[«]:=

1 1
Reduce[r‘min >— Abs|1l+ - th[l]], 1, Reals]
npmueBecTu a6COJ‘II—OTH3€ 3Ha4veHune MHOXECT!I

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

corresponding exact system and numericizing the result.

2.x10 M <c1<2,.x107

1
Reduce[r-m;-Ln > - Abs[l+qAt[1l]], 1, Reals]
npmueecTu 2 abcontoTHoe 3Ha4yeHne MHOXeCT!

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

corresponding exact system and numericizing the result.

2.x10M <1 <2.x10710

Reduce[r‘max > E Abs[l + E th[l]], 1, Reals]

NnpuBecTu 2 a6COJ‘IIOTH3€ 3Ha4vyeHune MHOXeCT!

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

corresponding exact system and numericizing the result.

5.x10M<1<5,.x107 11

1
Reduce[rmax > —Abs[l+qat[1l]], 1, Reals]
npueecTu 2 abcontoTHoe 3Ha4yeHne MHOXECT!

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

corresponding exact system and numericizing the result.

5.x10 1 <1<5,.x1071!

From here the maximal scale for the calculations without the limitation vacuum effect can be
found.

The forward direction

sa=s1-1;
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In[-]:= Do [lsal = 1lmin + sald3;

If[sal==0 || sal==1, Print["sal=", sal, " ", "1lg51=", 1sa1], If[sal==F; || sal==f, ||

sal==f; || sal==f,; || sal ==

fs, Print["sal=", sal, " ", "lg;1=", lsa1], Null]l, Null];
Do[tsbl = sbl 63;
If[(sb1==0||sbl==1||sbl==MMAX) & (sal=0||sal==1||sal==F;||sal="f, ||

sal==f;||sal==-f, || sal=Ffs5), Print["sb1=", sb1l, " ", "tgp1=", tsp1], Nulll;

2
1 7T T
Td313sa1, 501 = | 1o, +61[t - 1oa+61[t +2
2 AI“CTan[ s:l“‘ [tsbal ] Ar‘CTan[ s:l"‘ [tsbal ]
2 M3 (Leaa#61 [t 1)’ 2 fr2-3 (Lart8ltm])?
n?c? 3
X S * me? c* +
16 (Lsaz + 61 [tsp1l)
2
ko | | 2 Ar‘cTan[ 1“”51”15"1] ]
2 Af (Pay7 [Lsarstspr]) >-~ (Lsar+61[tsps])?
a4
7T n?c? 3 -
+2 X +me° c” |;
ArcTan[ Loaa+61[tm] ] 16 (Lsaz + 61 [teps])?
2 4/ (P [Lsan, toea]) -3 (Lsaa+61 [tepa]) 2

topy =., {sbl, @, MMAX} |;

Lo =., {sal, o, NMAX}]
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sal=0 1.,;=1.61626 x10°*°
sb1=0 tg,;=0.

sbl=1 tg,;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 10722
sal=1 1,,;=4.01584x 103
sb1=0 tg,;=0.

sbl=1 tg;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 10722
sal=10 1.,;=4.00129 x 10 **
sb1=0 tg,;=0.

sbl=1 tg,;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 10722
sal=20 1.,;=8.00097 x 10~ ?
sb1=0 tg,;=0.

sbl=1 tg,;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 10722
sal=30 1.,;=1.20006 x 10"
sb1=0 tg,;=0.

sbl=1 tg;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 1022
sal=40 1.,;=1.60003 x 10 !
sb1=0 tg,;=0.

sbl=1 tg,;=1.54803 x 10" >*
sb1=104 tg,;=1.60995 x 10722
sal=50 1lg;=2.x10° 1

sb1=0 tg,;=0.

sbl=1 tg;=1.54803 x 10" >*

sb1=104 tg,;=1.60995 x 10722

in[-]:= IdJ1la = Interpolation[Flatten[Table[{{1min + sall d3, sb11 63}, IdJ1lasa11,sb11}>

{sall, 9, NMAX}, {sb1l, @, MMAX}], 1], InterpolationOrder -» 5];

IdJ1la[l, t]
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In[«]:

Do [laal = 1min + aal d3;

If[aal==0 || aal =1, Print["aal=", aal, " ", "l,.1=", laa1]l, If[@al==F; || @al=F, ||
@al==f3 || aal==Ff, || aal == f5, Print["aal=", aal, " ", "l,a1=", laa1l, Null]];

Do[tbbl = bbl 63;

If[(aal==0 || aal=-1) & (bb1 =20 || bbl ==1 | | bbl == MMAX), Print["bb1=", bb1, " ",
"tob1=", Tob1]l, If[(aal==f; || a@al==f, || aal==f; || aal == f, || aal == f5) &&
(bbl1 =0 || bbl=-1 || bbl == MMAX), Print["bb1=", bbl, " ", "tpp1=", Tpp1]l, Null]l];

1 1
Jlaaal,bbl = NIntegrate[Idjlla [laal) t] 3 {t) Thbls T[laall }]5
T[laa1]l - Tobr T[laa1l

Tops =., {bbl, 0, MMAX}];

loa1 =., {aal, o, NMAX}]
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aal=0 1,,,=1.61626x10*°
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 Typ;=1.60995 x 10 >
aal=1 1,,,=4.01584x 10713
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 T,p;=1.60995 x 10 >
aal=10 1,,,=4.00129 x 1012
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 T,p;=1.60995 x 10 >
aal=20 1,,,=8.00097 x 1012
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 T,p;=1.60995 x 10 >
aal=30 1,,,=1.20006 x 101!
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 Typ;=1.60995 x 10 >
aal=40 1,,,=1.60003 x 101!
bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*
bb1=184 T,p;=1.60995 x 10 >
aal=50 1,,;=2.x10

bb1=8 Typ;=0.

bbl=1 Typ;=1.54803 x10 >*

bb1=184 T,p;=1.60995 x 10 >

in[-]:= J1la = Interpolation[Flatten[Table[{{1lmin + aall d3, bbll 63}, J1la,a11,bb11} >
{aall, 9, NMAX}, {bbll, @, MMAX}], 1], InterpolationOrder - 5];
Jiia[l, ]
in[-1:= Do[If[(aa==Fy ||aa==Ff, || aa==Ff3||aa="F, || aa=Fs5), Print["aa=", aa], Null];

1,5 = 1min + aa d3;
Intla,, = NIntegrate[Jlla[l,,, ], {T, O, T[1,,] -€3}1;

l.,=., {aa, 8, NMAX}]
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aa=10
aa=20
aa=30
aa=40

aa=50

mn[-]:= Fla =
Interpolation[Table[{1min + a8 d3, Intla,g}, {a8, ©, NMAX}], InterpolationOrder - 5];

in[-1:= Ila = NIntegrate[Fla[l], {1, 1min, 1max3}]

Out[e]=
8.64476 x 10712

Inf-]:= N[l—lp Na Ila]

Out[e]=
3.95264 x 10193

m(-]:= Plot[Fla[1l], {1, 1lmin, 1max3}, PlotRange » {-1.5, 1.5}]

Out[e]=

1.0

A

-05F

n 1 n n n n 1 n n n n 1 n n n n 1
5.0x107"2 1.0x107" 15x107" 2.0x107""

-1.0f

-15L
mi-1- Plot[Fla[1], {1, 1min, 2 -107*?}, PlotRange - {-1.5, 1.5} ]

Out[e]=

150

n 1 n n n n 1 n n n n 1 n n n n 1
50x107" 1.0x107"2 15x107"2 2.0x107"2

-05F

_15L

The backward direction
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In[-]:- sam = s2 -1;
Inf-]:= Do[lsaz = 1min + sa2 d4;
If[sa2==@ || sa2=1, Print["sa2=", sa2, " ", "lgp=", Lls], If[sa2=f; || sa2=F, ||
sa2 == f3 || sa2 == f, | | sa2 == f5, Print["sa2=", sa2, " ", "l,=", lsa2], Null], Nullj;
Do[tsbz = sb2 64;

If[(sb2==0 || sb2==1|| sb2 == MMAX) && (sa2==0 || sa2==1||sa2==f; || sa2=f, ||

sa2 == f; || sa2==f,; || sa2 == f5), Print["sb2=", sb2, " ", "ts=", tsp2], Null];

2
IdJ2 e
. _ _
sa2,sb2 1saz+51[ At[Lg,,] "‘tst]
Ar‘cTan ]
Jr 1)

1
P (Lez61[3 ¢ Laa) vtasn

7
+2

1
Lsa+61 [; At[lsa] +tsb2] ]

2 \/r,ﬁin—i (Loaz+61[3 At ILsa] tane] )

B* c? 3
X 5 +mo% c* +
1
16 (1sa2+51[; At[1g,] +tsb2])

Sam 1 T

M

k8=1 ArcTan

lsaz+61[ At[lsa2] +tsb2] ]

[ 2 [ (rama Loz, 1) 23 (Lo w01 [2 8¢ (L] +t2] )

7
+2

1sa+61 [% At[lsa] +tsb2]
ArcTan | ]

1 1 2
2 \/ (ramyg [1saz,tspz ] )z_; (lsaz"’al[; At[lsa] +tsb2] )

n?c? 3
x =+ me? c |;
16 (1sa2 + 51[ At[lgan] + tsbz] )

teps =., {sb2, 0, MMAX}];

1z =., {sa2, o, NMAX}]



In[]:=

sa2=0 1.,,-1.61626 x10°*°
sb2=0 tg,,=0.

sb2=1 tg,,=1.54803 x10°>*
sb2=104 tg,,=1.60995 x 1022
sa2=1 1,,,=4.01584x 1073
sb2=0 tg,,=0.

sb2=1 tg,=1.54803 x 10" >*
sb2=104 tg,,=1.60995 x 10722
sa2=10 1.,,=4.00129 x 10" *?
sb2=0 t,,=0.

sb2=1 tg,=1.54803 x 10" >*
sb2=104 tg,,=1.60995 x 10722
sa2=20 1.,,-8.00097 x 102
sb2=0 tg,,=0.

sb2=1 tg,,=1.54803 x10°>*
sb2=104 tg,,=1.60995 x 10722
sa2=30 1.,,-1.20006 x 10"
sb2=0 t,,=0.

sb2=1 tg,,=1.54803 x10°>*
sb2=104 tg,,=1.60995 x 10722
sa2=40 1.,,-1.60003 x 10!
sb2=0 tg,,=0.

sb2=1 tg,=1.54803 x10°>*
sb2=104 tg,,=1.60995 x 1022
sa2=50 1lg,,=2.x107 1

sb2=0 tg,,=0.

sb2=1 tg,=1.54803 x 10" >*

sb2=104 tg,,=1.60995 x 10722
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IdJ22a = Interpolation[Flatten[Table[{{1min + sa22d4, sb22 64}, IdJ2ag,22,5b22} >

{sa22, 9, NMAX}, {sb22, @, MMAX}], 1], InterpolationOrder -» 5];

IdJ22a[l, t]
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In[e]:= Do[laaz = 1lmin + aa2 d4;

If[aa2 =0 || aa2 =1, Print["aa2=", aa2, " ", "l,,5=", laa2], If[@a2==f; || @a2 =f, | |
aa2 = f3 | | aa2 = f, | | aa2 = f5, Print["aa2=", aa2, " ", "1,,=", laa2], Null]l];

Do [tbbz = bb2 54;

If[(aa2==0 || @aa2=-1) & (bb2 =0 | | bb2 == 1 | | bb2 == MMAX) , Print["bb2=", bb2, " ",
"Tob2=", Tob2], If[(aa2==f; || @a2 == f; || @aa2 == f3 | | @aa2 == f, | | aa2 == f5) &&
(bb2 =0 | | bb2 == 1 | | bb2 == MMAX) , Print["bb2=", bb2, " ", "tpy=", Tpp2]l, Null]l];

1 1
J2a502,bb2 = NIntegrate[IdJ22a[l,,,, t],
T[laaz] - Tob2 T[laaz]

{t, T[1laa2] + Tob2s 2 T[1aa21313;
Topa =-» {bb2, O, MMAX}];

l.a =., {232, o, NMAX}]



In[«]

In[«]:

aa2=0 1,,,=1.61626x 101
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 T,p,=1.60995 x 10 >
aa2=1 1,,,=4.01584x 10713
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 Typ,=1.60995 x 10 >
aa2=10 1,,,=4.00129 x 1012
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 T,p,=1.60995 x 10 >
aa2=20 1,,,=8.00097 x 1012
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 T,p,=1.60995 x 10 >
aa2=30 1,,,=1.20006 x 101!
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 T,p,=1.60995 x 10 >
aa2=40 1,,,-1.60003 x 107!
bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*
bb2=184 T,p,=1.60995 x 10 >
aa2=50 1,,,=2.x10 !

bb2=8 Typ,=0.

bb2=1 Typ,=1.54803 x 10 >*

bb2=184 Typ,=1.60995 x 10 >
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J22a = Interpolation[Flatten[Table[{ {1min + aa22 d4, bb22 564}, J2a,.7;,bb22} »

{aa22, 9, NMAX}, {bb22, 0, MMAX}], 1], InterpolationOrder -» 5];

322a[l, t]

Do[If[(aam=:=f, || @aam==f, | | aam = f3 | | aam == f; | | @aam == f5) , Print["aam=", aam], Null];

1l,an = 1min + aam d4;

Int2a,,, = NIntegrate[J22a[1l,,, tl, {T, O, T[1laan] - €4}1;

l.an =., {@am, O, NMAX}]
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aam=10
aam=20
aam=30
aam=40
aam=50

in[-]:= F2a =
Interpolation[Table[ {1min + a9 d4, Int2a,9}, {a9, ©, NMAX}], InterpolationOrder - 5];

in[-1:= I2a = NIntegrate[F2a[l], {1, 1min, 1max4}]

Out[e]=
8.64432 x 10712
1
In[]:= N[— Na IZa]
1P
Out[e]=
3.95244 x 10193
inf-]:- I0a = Ila+I2a
Out[«]=

1.72891x 107!
1

Inf- = N[— A, Na Iea]
1P

Out[e]=
5.84186 x 10193

1
N[— a,Na Iea]
1P

mm[-1:= Plot[F2a[l], {1, 1lmin, 1max4}, PlotRange -» {-1.5, 1.5}]

Out[«]=
151

1.0

1L

-05F

n 1 n n n n 1 n n n n 1 n n n n 1
5.0x107"2 1.0x 107" 1.5x107" 2.0x107""

-1.0f
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w1 Plot[F2a[l], {1, 1min, 2 19'12}, PlotRange » {-1.5, 1.5} ]

Out[«]=

1

1

1

50x107" 1.0x107"2

-1.0f

_15L
in[-]:= Tm2 = AbsoluteTime[];

in[-]:= ComputationTime = Tm2 - Tm1

Out[e]=
17558.4553638

15x107"2

2.0x107"



In[1]:=

In[2]:=

In[3]:=

In[4]:=

In[5]:=

In[12]:=

In[13]:=

In[14]:=

In[15]:=

In[93]:=

In[16]:=

In[17]:=

me = 9.11 x 1073%;
mu = 1.88356 x 10728;
mt = 3.16751 x 107%7;

uplmve = 3.6 x 1073%;
uplmvu = 3.39 x 1073%;
uplmvt = 3.2445 x 10°%°;

mu = 4.2785 x 10739;

md = 8.4675 x 103°;

ms = 1.78266 x 10~28;
mc = 2.22833 x 10°%;
mb = 8.46765 x 10"%7;

mt = 3.052 x 107%°;

VU = 3.6 x 10%%;
Na = 7.39 x 107%;

4

VA= —m (raax'r‘r?lin);
3

m = me;

c = 299792458;

h = 6.6260755 x 19734;
h

h=—;
27

Ppin := 10711

1min := 10%° 1p

1P := 1.616255 x 10~
Pmax := 2.5 x 10712

Pmax := 3.1x10712

lmax := 2.00008 x 101!

VAp; = 6.12611 x 1073%;
VAp, = 1.20599 x 10731;
VAp; = 9.0059 x 10731;

VAp,; = 1.43257 x 10739;
VAps = 2.25659 x 10731;
VAps = 1.14899 x 10-2°;
VAp; = 1.14616 x 1073%;
VApg = 5.57109 x 1073%;
VAp, = 1.4133 x 10°%%;

VAp;o = 4.1846 x 10739;
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n271= Ag = 0.739;

A, = 0.24;

A3z = 0.0104;
Ay = 90.0046;
As = 0.0013;
Ag = 90.0011;
A7 = 0.00096;
Ag = 0.00065;
Ag = 0.00058;
Ajp = 0.00044 ;

nE7= 1 = 1ming
nes- R11 = (16«/?8 1°m* a2 -3128%+34/3 124% + 1024 c* 15 M rpgp +
384c213m? A% rpin + 36 LA* rpgn + 1024 ¢ 14 m* r2, + 3842 12m? B2 r2;, +
36 n* r-,ﬁi,,»f\/ (81f12 (16 €2 12m? + 3 52) Fpgq (1 (16\/?8 12m?+3 (1+«/?) hz) +
23 (16 c212m? + 31?) r‘min) («/?mh (32c212m? + 6 1) rmin) +
(12112 (16«/?:2 12m? + 3 (-1+«/?) hz) +41 (16 212 m? + 312) % ryyq +
4 (16 c*1? m2+31’12)2 r,f,in)z))/

(4 (162 12m +382) (V3 182+ (32621202 4 682) rgaa) ) // N

ouzs- 1.00016 x 10711

e
nsor= 1 = 1max;
nat- R12 = (16 V3 c21°m? a2 -3128%+34/3 1284+ 1024 c* 15 m* Py +
384c213m? A2 rpip + 36 L A% g + 1024 c* 14 m* r2, + 384 c212m2 A% r2;, +
36 1 r,ﬁinaf\/ (81ﬁ2 (16 212 m? + 3 %) rpy (1 (16«/?:;2 12m + 3 (1+«/?) hz) +
23 (16 212 m? + 3 12) r-mi,,) («/? 182+ (32c>12m? + 6 h?) rmin) +
(12f12 (16«/?c2 12m? + 3 (-1+«/?) hz) +41 (16 c212m? + 312) % gy +
4 (16212 m? + 312)? r,ﬁin)z) )/

(4 (16212 m? +382) (V3 182+ (322 12m% + 6 2%) rag) ) // N

ou41= 3.00003 x 10711

na2i= 1=,

n43= 1 = 1lming
o= R21 = [(«/3 1%+ (32¢*1°m? + 6 17) rmin) [16\/3 l*mn?-3125%+33 1210%+

1/ ((16c2 12m? + 3 %) («/3 182+ (322 12m? + 6 1?) r‘min)) 256 c* 15 m*
(16«/3 21°m? a2 -3128%+34/3 124% + 1024 c* 15 m® rpin + 384 c2 13 m? B2 rpip +
36 1A% rpin +1024c* 14 m* r2;, +384c212m? A% r2;, + 36 0% P2, +

\/(811&2 (16 €2 12m? + 3 82) Fpgo (1 (16\/?c212m2+3 (1+«/?) hz) +
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23 (16 c212m? + 31?) rmin) («/?an+ (32212 m? + 6 12) r-min) +
(1282 (16 V3 2 12m2 43 (-1+V3) 1?) +41 (16 2 122 + 312) * o +
4 (16 c212m? + 312)? r,ﬁin)z)) .
1/ ((16c212m2+3ﬁ2) («/?mh (32¢212m? + 6 1?) r‘min)) 96 c2 13 m?
a2 (16«/?814m2f12-312h4+3«/?12f:4+1e24c415m4rmin+
3842 13m? A2 rpjn + 36 LA rpjn + 1024 ¢4 14m* 2, 4
384c212m? n%r; +360%r2; + \/ (8 18% (16 ¢ 12 m* + 3 A?) ryi,
(1 (16«/?:2 12m? + 3 (1+«/?) hz) +24/3 (16 c212m? + 31?) r‘min)
(w/?lhh (32¢212m? + 6 1?) r-mi,,) + (12ﬁ2 (16«/?c212m2+3 (-1+«/?) hz) +
41 (16 c®12m* + 31%)” rpip + 4 (16 ¢ 12m2+3ﬁ2)zrﬁin)2)) +
1/ ((16c212m2+3f12) («/?111% (32c212m? + 6 1?) r‘min)) 91n*
(15«/?&14m2h2-312ﬁ4+3«/?12h4+1ez4c415m4rmin+
384c213m? A2 rpip + 36 L 2% Py + 1024 ¢4 14 mP 2y +
384c?1°m? A% rZ;, + 36 4 Py, + \/ (8 11% (16 ¢ 12 m* + 3 A?) rpy,
(1 (16\/?8 12m?+3 (1+«/?) ﬁz) +24/3 (162 12m? + 31?) r-,,.i,,)
(«/?mh (32¢212m? + 6 1?) r-mi,,) + (12f12 (16«/?c2 12m?+3 (-1+«/?) hz) +
41 (16 c212m? + 3 1%)? rpin + 4 (16 2 12m2+3h2)2r,ﬁin)2)) +
[64c4 14 m? (16«/?8 14m? 72 -3128%+ 33 12 8% + 1024 ¢* 15 m® rpi, + 384
c213m? A% rpin + 36 L% rpip +1024 ¢ 1°m* r2; + 384 c2 12 m? B2 r2;, + 36 A% rd; +
\/(81112 (16 €2 12 m2 + 3 £%) rpg, (1 (15«/?c212m2+3 (1+«/?) hz) +
243 (16 c* 12 m? + 3 4?) r‘min) (\/?lﬁ2+ (32c?1%m* + 6 1?) rmin) +
(121*12 (16'\/?c212m2+3 (-1+«/?) fzz) +41 (16212 m? + 312)?
2
Pin + 4 (16 ¢ 17 m2+3h2)2r‘,ﬁin)2)) )/
((16 21?m? + 31%)? («/?mh (32¢212m* + 6 1?) rmin)z) +
(24c2 12 m? A2 (16«/?c2 1°m? a2 -3121%+ 33 128% + 1024 c* 15 m® rp, + 384 c2
3m2 a2 rpin +36 LA rpjn +1024c* 1%m* r2, +384c212m2 a2 r2, + 36 2% r2;, +
\/(81h2 (16 €2 12m? + 3 A2) Py (1 (16«/?c212m2+3 (1+«/?) ﬁz) +
23 (16 c212m? + 31?) rmi,,) («/?mh (32c212m? + 6 1?) r-mi,,) +
(12f12 (15w/?c212m2+3 (-1+«/?) nz) +41 (16 c212m? + 312)°
2
Ppin + 4 (16c2 12 m2+3ﬁ2)2r,ﬁin)2)) )/
((16 c21? m2+31’12)2 (\/?lﬁ2+ (32c21%m* + 6 1?) r‘min)z) +
(9114 (16«/?8 1°m?n2-3128%+31/3 122%+1024 ¢ 15m® rpipy + 384 c2 13 m? B2 Py, +
36 1 A% rpi, + 1024 c* 14 m* r2;, + 384 c212m? A% rl;, + 36 A4 P2, +
\/(81112 (16 212 m? + 3 12) rpyq (1 (16«/?c212m2+3 (1+«/?) ﬁz) +

243 (16 c?1? m2+3ﬁ2) r‘min) (\/?11‘12 + (32 212 m? +6f12) r‘min) +
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(12f12 (16w/?c212m2+3 (-1+V?) ﬁz) +41 (16 c?12m? + 312)?
Fuin + 4 (16 ¢212m? + 3 12)? r,ﬁin)z))z)/

(4 (16c212m2 +382)7 (V3 102+ (322127 + 6 17) rmin)Z) +

\/[1/ (2 («/?mh (32c212m? + 6 1?) r-mi,,)3) 172 (16«/?& 1m a2 -
3128%+34/3 128%+1024 c* 15 m* rp, + 384 €2 13 m2 22 ryypy + 36 1 A% Py, +
1024 c* 1*m* r2;, + 384 c2 12 m? A% r2;, + 36 A4 P2y, + \/ (s 11* (16 c* 1> m* + 3 A?)
Pin (1 (16«/?c212m2+3 (1+«/?) 1‘12) +24/3 (16 c212m? + 31?) r-mi,,)
(«/?111% (32¢212m* + 6 1?) r‘min) + (12f12 (16«/?c212m2+3 (-1+«/?)
hz)+41(16c212m2+3f12)2r‘min+4(16c212m2+3f12)2r‘,f,in)2))
(16«/?&14m2ﬁ2+312h4+3«/?121714+1024c415m4rmin+384c213m2
B2 rpin + 643 c213m2 B2 rygn + 36 1A% g + 12 V3 1 8%y, + 1024 ¢* 14 m r2,
384c212m? A% r2;, +360% P2, + \/ (8 11% (16 c* 12 m* + 3 B?) ryi,
(1 (15«/?c212m2+3 (1+«/?) ﬁz) +2+/3 (16 c?12m? + 312) r,,.i,,)
(\/?th+ (32c212m2+6ﬁ2) r‘min) + (lzﬁ2 (16'\/?c212m2+3 (—1+\/?)
hz)+41(16c212m2+3h2)2r‘min+4(16c212m2+3f12)2r‘§,1n)2))
(144c2 1°m? 52 +27128% +3V3 121% + 2048 V3 c* 15 m® rp, +
192 2 13 m? A2 rpip + 768 V3 2 13m2 B2 Py + 36 1A% i + 72 V3 1 8% rpgy +
1024/3 c*1°m*r2;, +3843 c212m?a%r2, +36 V3 BAr2, +
«/?\/(smz (16 € 12 m? + 3 £%) rpgy (1 (16«/?c212m2+3 (1+«/?) hz) +
243 (16 c? 1> m* + 3 1?) r‘min) (W/?lh2+ (32¢*1%m* + 6 1?) rmin) +
(12ﬁ2 (16«/?c212m2+3 (-1+«/?) hz) +41 (162 12m? + 31?)>

Pain + 4 (16 ¢212m? + 3 12) 2 r,znin)z)) .

+

(16V3 21°m?a2-3128%+34/3 1284+ (256:“15m4 (15«/3 c21°m?n?-

3125%+33 128% + 1024 c* 15 m* rpy, + 384 2 13 m2 B2 rygp +
36 1 A% rpin + 1024 c* 14 m* r2;, + 384 c2 12m? A% r2;, + 36 0% P2, +

\/(81h2 (16€212n?+30%) ruso (1 (163 212m2+3 (14 V3 ) 27) +
23 (16 c>12m? + 3 12) r‘min) («/?111% (32¢212m* + 6 %) r‘min) +
(12f12 (16«/?c212m2+3 (-1+«/?) hz) +41
(15c212m2+3f12)2r-,,,i,,+4(16c212m2+3h2)2r,ﬁin)z)))/
((16c212m+38%) (V3 182+ (326217 m? + 6.87) rusy) ) + (96c2
13 m? n? (16«/?c214m2h2-312h4+3w/?12n4+1024c415m4r-,,,i,,+384c213
m? A2 Ppin + 36 1 A% rpp + 1024 ¢ 14 m® r2;, + 384 2 12m> A2 rd;, + 36 A% r2;, +
\/(81ﬁ2 (16€212m?+38%) ruso (1 (163 212m?+3 (14 V3 ) 27) +
23 (16 c>12m? + 3 12) r-mi,,) («/?111% (32¢212m* + 6 %) r‘min) +

(12;r12 (16«/?c212m2+3 (-1+«/?) 1'12) +41



Program SCCPERVMUR version for the comparison.nb | 5

(16c212m2+3h2)2r-mi,,+4(16c212m2+3h2)2r,ﬁin)z)))/
((16c2 12 m? + 3 1?) («/?111% (32¢212m? + 6 %) r‘min)) +
(91h4 (16«/?c214m2ﬁ2-312fz4+3«/?12ﬁ4+1az4c415m4rmin+384c213
m2 22 Ppin + 36 LA% rpin + 1024 c* 14m* r2, +384c212m2 a2 r2, + 36 2% r2;, +
,\/(81h2 (16€212m?+38%) ryso (1 (163 212m?+3 (14 V3 ) B7) +
23 (16¢212n?+30%) rin) (V3 187+ (3271202 + 682) rygn ) +
(12;712 (16«/?c212m2+3 (-1+«/?) hz) +41
(16c212m2+3f12)2r‘min+4(16c212m2+3h2)2r,ﬁin)z)))/
((16 c212m? + 3 1?) («/?th+ (32c212m? + 6 1?) r-,,,i,,)) + (64c4
14m* (16«/?c214m2h2-312h4+3«/?12h4+1ez4c415m4rmi,,+384c213m2
7% Ppin + 36 1 2% g, + 1024 ¢* 14 m® r2;, + 384 c212m? A% r2;, + 36 2% P2, +
\/(811?12 (16 €2 12m? + 3 72) Py (1 (16«/?c212m2+3 (1+«/?) nz) +
23 (16 212 m? + 3 12) rmin) («/?th+ (32¢212m* + 6 1?)
rmin) + (12 n? (16'\/?C2 1’m?+3 (—1+‘\/?) flz) +
2
41 (16c212m? +312) % ryin + 4 (16c212m2+3ﬁ2)2r-;in)2)) )/
((16c2 12m? + 3 1%)? («/?mh (32¢212m* + 6 1?) rmin)z) + (24c2 12
m? 72 (16«/?c214m2ﬁ2-312h4+3«/?12h4+1ez4c415m4rmin+384c213m2
B2 Ppin + 36 1A% rps, + 1024 ¢ 14 m* 2, + 384 c212m? B2 P2, + 36 0% P2, +
\/(81112 (16€212m? +312) ryga (1 (16 V3 2 12m?+3 (14 V3 ) 2?) +
24/3 (16c2 12 m2+3ﬁ2) r‘min) (\/?1?12+ (32 c2 12m2+6ﬁ2)
r-mi,,) + (12ﬁ2 (16«/?8 12m?+3 (-1+«/?) hz) +
2
41 (16c212m2+3h2)2r‘min+4 (16c212m2+3f12)2r‘,ﬁin)2)) )/
((16c2 12n?+38%)% (V3 182+ (3262122 + 6 1%) rmin)z) .

(9;714 (16«/?c2 1°m? a2 -3128%+3 3 128%+ 1024 c* 15 m® rp, + 384 ¢2 13 m?
B2 Ppin + 36 1 2% rpg, + 1024 ¢* 14 m* 2, + 384 c212m? a2 r2;, + 36 A% 2, +
\/(smz (16 €2 12m? + 3 A2) Py (1 (16«/?c212m2+3 (1+«/?) fzz) +

23 (16 212 m? + 3 1?) rmin) («/?171% (32c212m? + 6 1?)
r‘min) + (lzﬁ2 (16‘\/?C2 12m? +3 (-1+'\/?) hz) +

21\ 2
41 (1sc212m2+3h2)2r-mi,,+4(16c212m2+3h2)2r,ﬁi,,) )) )/
2
(4 (16c212m?+30%)° (V3 182+ (326217 m? + 6 17) rmin)z)] ]]]/

(2 (16c212m2+3f12) (16\/3 A21*m*n2+3128%+

3
/3
12
n*+ 1024
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hz
r‘,zﬂin + 36
f14

2
Pnin

\/ (81!12 (16 212 m? + 3 £%) rpsy
(1 (16«/?c212m2+3 (1+«/?) nz) +24/3 (16 c212m? + 31?) r‘min)
(«/?11:% (32¢212m* + 6 %) rmin) +
(12f12 (16\/?c212m2+3 (-1+«/?) hz) +41 (16 c212m? + 312) % gy +

4 (16c212m2+3ﬁ2)2r§,1n)2))) /7N

+

outa4= 1.00032 x 10711

npas= 1 =.

nser= 1 = 1max;

nen- R22 = [(«/3 187+ (322122 + 6 52) g [16«/? 21*ma?-31210%+3+/3 128%+

1/ ((16c212m2+3h2) (\/?1!12+ (32c21%m* + 6 1?) r',,.in)) 256 c* 1° m?
(16«/?8 1°m? 7?2 -3128%+ 33 1284 + 1024 ¢® 15 m® rpin + 384 ¢2 13 m2 B2 rpin +

36 1 A% rpip + 1024 c* 14 m* r2;, + 384 c2 12m? A% r2;, + 36 2% P2, +
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\/(81.712 (16 12m? +38%) rygo (1 (163 212m2+3 (14 V3 ) 27) +
23 (16 c212m? +312) r‘min) («/?th+ (32 ¢ 12m? + 6 1) r-mi,,) +
(12h2 (16«/?c212m2+3 (-1+«/?) nz) +41 (16 212 m? + 3 12) % gy +
4 (16 2 12m2+3n2)2r,ﬁin)2)) .
1/ ((16c212m2+3fz2) («/?11*:% (32212 m? + 6 1?) r‘min)) 96 c2 13 m?
a2 (16«/?c214m2f12-312ﬁ4+3w/?12h4+1924c415m4rmin+
384c213m? B2 rpin + 36 L A% rpin + 1024 c* 14 m* 2, 4
384 c212m2 B2 r2,, + 36 B4 2, + \/ (8 18? (16 c212m? + 3 h2) rp,
(1 (16«/?c212m2+3 (1+«/?) hz) +2+/3 (16 c?12m? + 31?) r-mi,,)
(w/?lﬁh (32¢212m? + 6 1?) rmi,,) + (12ﬁ2 (16«/?& 12m? + 3 (-1+«/?) hz) +
41(16c212m2+3f12)2r-min+4(16c212m2+3h2)2rrﬁin)2))+
1/ ((16c212m2+3h2) («/?mh (32¢212m* + 6 1?) r‘min)) 91n?
(16«/?814m2ﬁ2-312n4+3\/?12h4+1024c415m4rmi,,+
3842 13m? A2 rpjn + 36 LA rpjn + 1024 c* 14 m* 2, 4
384c212m? n%r; +360%r2;, + \/ (8 1% (16 ¢ 12 m* + 3 %) ryi,
(1 (16«/?c212m2+3 (1+«/?) hz) +24/3 (16 <212 m? + 3 n?) r‘min)
(w/?lﬁh (32¢212m? + 6 1?) r‘min) + (12fz2 (16«/?c212m2+3 (-1+«/?) nz) +
41(16c212m2+3h2)2rmi,,+4(16c212m2+3ﬁ2)2r,§in)2))+
(64c4 1% m (15«/?8 1*m A2 -312 8%+ 33 12 4%+ 1024 c* 15 m® rpy, + 384
c213m? A% rpi, + 36 1A% rps, + 1024 ¢ 14 m? r2;, + 384 c2 12m? A% r2;, + 36 2% P2, +
,\/(81ﬁ2 (16 €2 12m? + 3 A2) Py (1 (16«/?c212m2+3 (1+«/?) hz) +
23 (16 c212m? + 31?) r'mi,,) («/?11?1% (32c212m? + 6 1?) rmin) +
(1282 (16 V3 212w +3 (-1+ V3 ) 1?) 441 (16212 m? + 312)°
2
Fuin + 4 (16 c2 12 m2+3h2)2r,ﬁin)2)) )/
((16c2 12m? + 3 12) 2 («/?11*:% (32¢212m2 + 6 12) r-min)z) "
(24c2 12 m? A2 (16«/?8 1“m2 A2 -3128%+34/3 12 8% + 1024 c* 15 m* rpyp + 384 2
13m? 52 rpin + 36 1 A% rpyp + 1024 c* 14 m* r2; + 384 c212m2 a2 r2;, + 36 2%, +
,\/(81h2 (16 212 m? + 3 %) Fpgs (1 (16«/?c212m2+3 (1+«/?) ﬁz) +
23 (16 212 m? + 3 12) r-mi,,) («/?11@% (32¢212m* + 6 1?) r-mi,,) +
(12h2 (16«/?c212m2+3 (-1+«/?) hz) +41 (16 c?12m? + 312)?
2
Pnin + 4 (16 ¢ 17 m2+3ﬁ2)2rrﬁin)2)) )/
((16 c212m? + 31?)> (\/?1!12+ (32c212m? + 6 1?) rmin)z) +
[9ﬁ4 (16«/?c2 1°m? a2 -3128%+ 33 12 8% + 1024 ¢* 15 m* rpin + 384 ¢2 13 m2 A2 rpiq +

36 1 A% rpin + 1024 c* 1% m* r2;, + 384 c2 12 m? A% rZ;, + 36 A* 2, +
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\/(81h2 (16€212m? +30%) rgo (1 (163 2122 +3 (14 V3 ) 22) +
23 (16c212m? +312) r-mi,,) («/?m% (32¢212m* + 6 1?) r-mi,,) +
(121712 (16«/?c212m2+3 (-1+«/?) ﬁz) +41 (16 c?12m? + 312)?
Fuin + 4 (16 ¢212m? + 3 22)? r,ﬁin)z))z)/

(4 (16c212m?+30%)° (V3 182+ (32217 m? + 6 17) rmin)z) .

\/[1/ (2 («/?mh (32¢212m? + 6 %) r-min)z') 172 (16«/?& 14m2n? -

3128%+34/3 128%+1024 c* 15 m* rpy, + 384 c2 13 m2 22 ryyp + 36 1 A% rpg, +
1024 c* 1* m* r2

20 +384c212m® A% rd;, +36 A% P2, + \/ (81h2 (16 2 12 m? + 3 1)
Pin (1 (16«/?c212m2+3 (1+«/?) hz) +24/3 (16 c212m? + 31?) r-,,,i,,)
(«/?11@% (32¢212m* + 6 %) r‘min) + (121f12 (16«/?c212m2+3 (-1+«/?)
hz)+41(16c212m2+3ﬁ2)2rmin+4(16c212m2+3ﬁ2)2r,ﬁin)2))
(16«/?&14m2f12+312h4+3«/?12714+1024c415m4rmin+384c213m2
B2 rpin + 643 c213m2 B2 rygn + 36 1A% i + 12 V3 1 8% . + 1024 ¢* 14 m r2,,
384c212m? A% rd;, +360% P2, + \/ (s 17% (16 c> 12 m* + 3 B?) ryi,
(1 (15«/?c212m2+3 (1+«/?) 1'12) +2+/3 (16 c?12m? + 312) r,,.i,,)
(\/?lh2+ (32c212m2+6ﬁ2) r‘min) + (12f12 (16\/?c212m2+3 (—1+\/?)
hz)+41(16c212m2+3ﬁ2)2r‘min+4(16c212m2+3f12)2r‘2 )2))

min
(144c2 1°m?2 a2 +27128%+34/3 128%+2048 V3 c*15m rpyy, +

+

192 2 13 m? B2 rpip + 768 V'3 2 13m2 B2 iy + 36 LA i + 72 V3 1A% rygpy +
1024 V3 c*1°m*r2;, +384V3 c212m?* a2 r2;, +36 V3 Br2;, +

min
«/?\/(smz (16 €2 12m* + 3 A2) Py (1 (16«/?c212m2+3 (1+«/?) hz) +
243 (16 2 1> m* + 3 1?) r‘min) (W/?lh2+ (32c*1%m* + 6 1?) r‘min) +
(12ﬁ2 (16«/?c212m2+3 (-1+«/?) fzz) +41 (162 12m? + 31?)?
Pmin +4 (16 212 m? + 3 12)? r,ﬁin)z)) +
(16«/?&14m2ﬁ2-312ﬁ4+3«/?12h4+ (256c415m4 (16«/?c214m2ﬁ2-
3127%+34/3 122% + 1024 c* 15 M rp, + 384 c2 13 m2 B2 rpg, +
36 1 A% rpip + 1024 c* 14 m* r2;, + 384 c2 12m? A% r2;, + 36 2% P2, +
\/(81f12 (16 €2 12m? + 3 7%) Fpgg (1 (1sw/?c212m2+3 (1+w/?) hz) +
23 (16 c>12m? + 3 12) r‘min) («/?111% (32¢212m? + 6 %) r‘min) +
(12f12 (16«/?c212m2+3 (-1+«/?) hz) +41
(15c212m2+3n2)2r-,,,i,,+4(16c212m2+3h2)2r,ﬁin)z)))/
((16c2 12 m? + 3 n?) (W/?lﬁ2+ (32¢*1%m? + 6 1?) r‘min)) + (96c2
13 m? a2 (16«/?:214m2f12-312h4+3w/?12n4+1ez4c415m4r-,,,i,,+384c213

m? 22 Ppin + 36 L A% rpin + 1024 c* 14 m* r2, +384c212m? a2 r; + 36 2% r2;, +

\/(81f12 (16 €2 12m? + 3 7?) Fpg (1 (1sw/?c212m2+3 (1+w/?) hz) +
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23 (16 c212m? + 31?) r‘min) («/?mh (32c212m? + 6 1?) r-min) +
(1282 (16 V3 2 12m2 43 (-1+ V3 ) 1?) + 41
(16c212m2+3f12)2rmi,,+4(16c212m2+3ﬁ2)2r,ﬁin)z)))/
((16c2 12m? + 3 17) (w/?lﬁh (32¢212m? + 6 %) r‘min)) +
(91f14 (16«/?c214m2h2-312114+3«/?12n4+1024c415m4r-min+384c213
m? A2 Ppin + 36 1 A% Py, + 1024 ¢ 14 m® r2;, + 384 c2 12m> A2 r2;, + 36 A% r2;, +
\/(811'12 (16 ¢2 12 m? + 3 1) riq (1 (16«/?c212m2+3 (1+«/?) nz) +
23 (16 c*12m? + 3 12) r‘min) («/?111% (32¢212m? + 6 %) r-,,.i,,) +
(12;&2 (16«/?c212m2+3 (-1+«/?) hz) +41
(16c212m2+3n2)2rmi,,+4(16c212m2+3ﬁ2)2r-,f,in)z)))/
((16c212m*+38%) (V3 182+ (326217 m? + 6.87) rpsn) ) + (64c4
1% m (16«/?c214m2ﬁ2-312f14+3«/?12h4+1024c415m4r-min+384c213m2

B2 rpin +36 1A% rps, + 1024 ¢ 14 m* 2, + 384 c212m? A2 P2, + 36 0% P2, +

\/(81112 (16 € 12 m? + 3 £%) rpg, (1 (16«/?c212m2+3 (1+«/?) hz) +
24/3 (16 c* 12 m? + 3 A?) rmin) (\/?lh2+ (32c?1%m* + 6 1?)
r-mi,,) + (12ﬁ2 (16«/?8 12m?+3 (-1+«/?) hz) +
41(16c212m2+3h2)2r‘min+4(16c212m2+3ﬁ2)2r‘,ﬁin)z))z)/
((16c2 12 m2+3f12)2 (W/?lﬁ2+ (32?12 m + 6 1?) r‘min)z) + (24c2 12
m? »? (16\/?cz14m2f12—3121’14+3\/?12f14+1924c“15m4r‘min+384c213m2
B2 Ppin + 36 1 2% g, + 1024 ¢* 14 m* 2, + 384 c212m2 a2 r2;, + 36 A% 2, +
\/(smz (16 €2 12m? + 3 A2) Py (1 (16\/?:212m2+3 (1+«/?) ﬁz) +
23 (16 212 m? + 3 1?) rmin) («/?mh (32c212m? + 6 1?)
r‘min) + (lzﬁ2 (16‘\/?C2 12m? +3 (-1+'\/?) flz) +
41(16c212m2+3h2)2rmin+4(16c212m2+3h2)2r,ﬁin)z))z)/
((16c2 12m? + 3 12) 2 (w/?lﬁh (32¢212m2 + 6 12) r-mi,,)z) N
(9h4 (16«/?8 1*m27%2-3128%+34/3 128%+ 1024 c* 15 m? rp;, + 384 c2 13 m?

72 rpin + 36 1A% rp, + 1024 ¢ 14 m* 2, + 384 c212m? A2 P2, + 36 2% P2, +

8152 (16 c212m? + 312 rpin (1 (16 V3 c212m?+3 (1+4/3 ) 82) +

V(312 ) v (1 (1473) 22)
23 (16 212 m? + 3 12) r‘min) («/?11*:% (32¢212m* + 6 1?)
f'min) + (12112 (16\/?c212m2+3 (—1+‘\/?) ﬁz) +

a1 (15c212m2+3ﬁ2)2"min+4 (16C212m2+3f12)2rﬁin)z))z)/
(4 (16c2 12m2+3h2)2 ('\/?1ﬁ2+ (32c2 12m2+6h2) rmin)z)Jz)J]/

(2 (16c212m2+3f12) (16\/3 c21*m®r?+31%28%+

3
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VE)
12
n% + 1024

2
r\min + 36

ﬁ4
Pain
N (81ﬁ2 (16 2 12 m? + 3 1%) Ppin
(1 (16«/?c212m2+3 (1+«/?) nz) +2+/3 (16 c?12m? + 31?) r‘min)
('\/?lhz+ (32¢?1%m® + 6 1?) r‘min) +
(1282 (16 V3 2 12m? +3 (<14 V3') 12) +41 (16 2 12 m? + 352) % iy +

4 (16 ¢? 12m2+3f12)2r‘,2,,in)2))) /I N

+

ou47- 5.00008 x 10711

nsi= 1 =.
. R12-R11
n49= all := R11 - Imin —M8M8MM
Imax - Imin
R12 -R11
nsop= k1l 12—

Imax - 1min



In[52]:=

In[53]:=

In[54]:=

In[55]:=

In[56]:=

In[57]:=

In[58]:=

In[59]:=

In[60]:=

In[61]:=

In[62]:=

In[63]:=

In[64]:=

In[65]:=

In[66]:=

In[67]:=

In[68]:=

In[69]:=

In[70]:=

In[71]:=

In[72]:=

In[73]:=

In[74]:=

In[75]:=

In[76]:=

. R22-R21
a22 := R21 - Imin —M8M8M8M8M8M8
Imax - 1min
R22 - R21
k22 := —m8888
Imax - 1min
al := all
k1 := k11
a2 := a22
k2 := k22
ry :=al+kll
r, :=a2+k21
1-1min
P, := R21+ (R22 - R21)
1max - 1min
1max - 1min
ui= —
10
11 := Imin+u
12 := 1Imin+2u
13 :=1Imin+3u

14 := Imin+4u

15 := Imin+5u
16 := Imin+6u
17 := 1Imin+7u
18 := Imin+8u
19 := Imin+9u

Inoculating values:

dy = a2
kz = k2
V3 12
Alpin 2= > 2
/3 1+6r‘min+32r'min12x'"h—f
Aly := Alpin /« Ppin = P2

Alz :=A11 /. P10

mo = m;

Program SCCPERVMUR version for the comparison.nb

| 11

If[(m!=uplmve | [m !=uplmvyu ||m !=uplmvzc),

= 1min, P, < Ppax, N++, 1=.;

[ I o T I ]
1

For[n = 2;
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a2-=.;
k2=.;
dp =.
kn=.;
Al =.;
V312
A]-n+1= 2 2;
/3 1+6Rn+1+32Rn+112xmh—:
V3 12
Al =

- 3
\3 1+e;r,,+32r~,,12><“‘;—fz

1 1
Pp.1 = Rn,a /. Flatten[Solve[Ry, - N (1-8lp.) =ro+ N (1-414), Reaa] ] [12115

1= 1min;
m=mo;
C = 299792458,
5 =1.05361 x 10734;
a2 = a22;
k2 = k22;
Imin
an =Yi,n- (Y2,n - Yai,n) X ———;
11 - Imin
Y2,n - Y1,
kn = . . n;
11 - Imin

I'F[Pm_]_ >0, 1=.;

m=.j;
c=.;
h=.;
a2=.;
k2 =.;
aﬂ s
kn Sy
1 1
a1 = Rn.1 /. Flatten[Solve[Rp,; - ; (1-41p,) =ro+ ; (1-41n), Raa] ] I12115
1 = 1min;
m=mo;
C = 299792458;
5 = 1.05361 x 10734;
a2 = a22;
k2 = k22;
Imin
an =Yi,n- (Y,n=Y1,n) X ————3
11 - Imin
kn - yZ,n yl,n;
11 - 1min
Y1,n+1 = Pnsas
1=.;
1=11;
Y2,n+1 = Pnsas
x - 1lmin
dni1 = Yi,nea + (Y2,ne1 = Yi,ne1) X ———;
11 - Imin

X =12;
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1=.;
1= 12;
If[Abs[rn.a-dpal <1073, 1=.;

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

If[Abs[rn,-dpa] <10728, 1=.;

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

If[Abs[rn.1 - dpa] < 10728, 1=.;

X=.5
1=15}
X=15;

I-F[Abs [Pnes - dne1] <10°2°8, 1=,

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

If[Abs[rp.1 -dn.a] < 10727, 1=.;

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

If[Abs[rn,g-dpa] <107%7,1=.;

X=.3
1:18;
X=18;

If[Abs[rp.1 -dn.a] < 10727, 1=.;

X=.5
1:19;
X = 19;

If[Abs[rn.1 - dpal <107%6, 1=.;

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

If[Abs[rp.1 - dna] <1072°%, 1=.;

X=.;

Pni1 =5

adn =.;

kn =5

Pnet = Anea + Knea 15
Ppi1 =3

Pni1 = ans1 + Knaa 15

Imin

A1 = Yi,ns1 = (Y2,ns1 = Y1,ne1) X —
11 - 1min
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Y2,n+1 = Yi,n41
11 - Imin
1 = 1lmin, Null];, Null];, Null];, Null];, Null];, Null];, Null];, Null];,

kn+1 =

Null];, Pp.a=.;

1=.;
m=.j;
c=.;
A=.;
a2-=.;
k2=.;
an=.;
Kn=.3
1 1
Pn.1 = Rp.a /. Flatten[Solve[Rg.q - N (1-81n) =ro+ 5 (1-41n), Raa]]I12115
1 1
o1 = Rn,a /. Flatten[Solve[Rn.; - N (1-a1p,q) =ro+ S (1-4l,), Raa] ] 12115
1 = 1min;
m=mo;
Cc = 299792458;
5 =1.05361 x 10734;
a2 = a22;
k2 = k22;
Imin
an =Y1,n- (¥Y2,n - Y1,n) X - .
11 - Imin
kn - yz,n - yl,n;
11 - Imin
Yi,n+1 = Pnsas
1=.;
1=11;
Y2,n+1 = Pnsas
X - 1min
dne1 = Yi,nea + (Y2,ne1 = Yi,ne1) X ————;
11 - Imin
X =12;
1=.;
1=12;

If[Abs[rp.-dna] <1073, 1=.;

X=.5
1=13;
X =13;

If[Abs[rp,g-dpa] <10728, 1=.;

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

If[Abs[Fn.1 - dpa] < 10728, 1=.;

X=.5
1=15}
X=15}




I-F[Abs [Pnes - dnea] <10°2:8) 1=,;

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

If[Abs [P,y - dn.a] < 10727, 1=.;

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

If[Abs[rp,g-dpal <107%7, 1=.;

X=.3
1:18;
X = 18;

If[Abs[rp.1-dna] <1027, 1=.;

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

If[Abs[rn,1 - dpa] <107%6, 1=.;

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

If [Abs [Pp,1 - dnia] < 10726, 1=

X=.

Pl =5

adn =.;

kn=~3

Pnet = Ane1 + Knea 15
Ppi1 =3

Ppi1 = @piaa + kn+1 1;
Ans1 = Y1,n:1 = (Y2,n:1 = Y1,n41) X

Y2,n+1 ~ Yi,ne1 |
11 - Imin

kn+1 =

Null];];], Null] // Timing
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.
°y

Imin

11 - Imin ’

1 = 1lmin, Null];, Null];, Null];, Null];, Null];, Null];, Null];, Null];,

oui7el= {2674., Null}

n77= N
ou771= 9281
in7er= 1 =.
Imin
o= Table[ak = Y1,k - (Ya2,k - Y1,k) X > {k, 3,

11 - Imin

n}];
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Y2,i = Y1,i
11- 1min

In[80]:= Table[ki » {1, 3, n}]i

ne1= Table[rsj = a5 +ky1, {j, 3, n}1;

ns2r= 1 = 1ming
InB3}= Pp

out[ssl= 2.5 x 10711

In84]:= Pp_1

outpal= 2.49984 x 10711

5= 1=,

V312

N3 1+6r+32r 12 x2S

C
hZ

ngel= Table [Alk = > {k, 3, n}]S

7T

ing7)= Nlpin t=

ArcTan [ 1-Alyn ]

2 ‘\' rlﬁin'i‘ (:I-'A]-min)z

7T

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

AncTan [ R e

2 [ r‘%—i— (1-a1;)2

43 12

1- — |, 1]
V3 1+6ry+32r, 12 x =

o= Reduce [I"n

v
N | =

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

corresponding exact system and numericizing the result.

ouge: —1.07745x10°1° <1 <-1.07743x10°% || 1> -1.07739x10°1°

1

/3 12
2 .2

V3 1+6rrpin+ 32 Ppin 12 x =5

hZ

In[90]:= Reduce[r‘min > R 1]

N |

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

corresponding exact system and numericizing the result.

outeo= 1 < 2.00008 x 19711

ne1= 1 = 1max;
in92):= Ndpin
outje2]= 2.00094
3= 1 =.

ne41= 1 = 1lming
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Out[99]=

In[100]:=

out[100]=

In[101]:=

In[102]:=

out[102]=

In[103]:=

Program SCCPERVMUR version for the comparison.nb

N:I-min
38876.8
1-=.
N12, n? c? 3
Intl = NIntegrate| [ﬂ - N1y, + 2 x +m?c* +
2 16 (1 - Almin) 2

'E [N_lg_m. +2] s x 3 +m?c? {1, 1min lmax}]
j k] 3 B
| 2 16 (1-aly)?

(.

9.1214 x 10712
1

N[— Na A; 1nt1]
1p

3.08206 x 1093

1
N[— Na A, 1nt1]
1p

2 n? c2 3
0 Nlpin + 2] x +m*c*, {1, Imin, lmax} ]

16 (1 - A]-min)z

NIntegrate| [

5.1712 x 10718

More precise value

4.17191 x 103

N[ ]

2 .2
f—PNaVAflmaxl\/h—cxl+m2c4 dl

lmin 33 16 12

1
Power: Infinite expression — encountered.

ComplexInfinity
VA =.

4
N [ ; 7 r‘:ax]
6.54498 x 10732

4 s
VA := — 7.
3
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4.17191 x 1093
In[104]:= N[ ]

2 .2
ll—PNaVA lmaxl\/ﬁ—‘ximzc“ dl

Imin 13 16 12

1
Power: Infinite expression — encountered.

outf104)= ComplexInfinity
In[105]:= g =,
In[106]:= N =,

n1071= Py 2= 1 + Ppin

o= Table[rp=., {n, 2, 9281}];
In[109):= For[n =1; 1 =1min, ry < Ppax, N++, Ppeg = (n + 1) 1+ r‘min] // Timing

out109= {©.03125, Null}

In(110:= N
out110]= 9281
In(111:= Pp

oufi11= 2.50005 x 1011

In[112):= Pp_1

oui1z- 2.49988 x 10711

n13= 1=

7T

in[1141:= N2pin =
Ar‘cTan[+]
2 r‘rﬁin'ilz
a4
T .
in115:= Table [NZ;-L = > {1, 1, n}]i
Ar‘cTan[;]

1
2 r§—4—12

N22, n?cz 3
inf11e)= INt2 = NIntegr‘ate[ [ﬂ - N2pin + 2 x —+m>c? +
2 16 12
n=1 Nz% 202 3
—= - N2 +2 x —+m?c* |, {1, Imin, 1max} |
A\ 2 16 1?

ouite= 1.55936 x 10713



In[117]:=
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In[120]:=
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In[122]:=

In[123]:=

In[124]:=

out[124]=

In[125]:=

out[125]=

1
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1p
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1
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Program SCCPERVMUR version for the comparison.nb
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NIntegrate|[ [ - N2pin + 2]

16 12

5.16977 x 10718
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5.26895 x 19!
58.4948
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IS
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VM := ' (NaA; VAp;)
Vs := VU-VM
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Phax = {— VS]
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Limit [Ar‘cTan[l] s X 0]
X

V12 7
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Conclusion

In the paper an approach to estimation of vacuum energy in empty space and in the
limitation vacuum effect has been developed and improved. Two most common and widespread
elements — hydrogen and helium in the Universe were considered and for them the vacuum
energy at account the two fermions of SM — the electron and the u quark has been calculated
with the aid of the unique computer program, especially developed for this article. Also for
accurately the same case of the matter and the vacuum the calculation has been carried out on the
program which was used in the previous paper, and these two results were compared to find out
progress of the entire work.

The u quark free vacuum in the new approach with the linear dispersion has the large
enough lower limit of the energy in comparison with the free electron vacuum, and in the
previous approach without dispersion they have approximately the equal lower limits of the
energies with small enough difference. The difference between the two approaches of the
calculation of the free vacuum energy lower boundary for the u quark is therefore large enough
and it is not essential for the electron. In the previous approach the lower boundary of the u
quark free vacuum energy is a little great than the electron free vacuum energy. The lower limit
u quark vacuum energy in the presence of the heavy nuclear matter, i.e. the effect in the new
approach sufficiently severe differs from the value of the same kind of the energy lower
boundary for the electron vacuum, due to the u quark is enough heavy in comparison with the
electron. As the new computation and the computation on the previous scheme show, the
hydrogen atom severer wraps the vacuum, despite its smaller sizes than the helium atom has and
the half of the charge of the helium’s nucleus. The difference between the lower limits of the
vacuum energies near the matter for the same particles in the new approach, therefore, is greater
for the hydrogen and is smaller for the helium. The differences between the new approach and
the previous approach for the u quark are greater, than for the electron, due to the greater mass of
the quark.

The electron neutrino contribute greatly in comparison with the muon and the taon
neutrinos in the lower limit of the free vacuum energy in the new approach, and in this approach
the all neutrino vacuums have much more great the lower boundaries of the vacuum energies in
contrast those the same values in the previous approach. That is why the difference of the lower
limits between these two approaches for the neutrinos is enough great. In the previous
calculation the all values of the lower limits of the neutrinos vacuum energies differ a little, and
the highest energy has the heaviest neutrino — the taon neutrino. This is explainable. The lower
boundaries of the vacuum energies in presence of the effect in the previous approach have the
same order of the quantity that is in the new approach. That says the two approaches do not
contradict each other and the new one complements the old one. The difference between the u
quark vacuum energy lower boundary and the electron vacuum energy lower boundary near the
matter in the previous approach is less than the same one in the new approach. That is correct for
the both atoms. The difference between the lower boundaries of the vacuum energies without the
limitation vacuum effect, the difference of them between these two approaches behave the same
way, like the difference between the lower limits of the vacuum energies and the difference of
them between the two approaches with the effect.

The wrapping vacuum coefficients show that the heavy nuclear matter of the atoms really
wraps the vacuums, in the new approach mostly for the hydrogen, that we should wait exactly on
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the numbers, and these numbers one can explain, probably, by the most abundance of hydrogen,
but for the electron, and not for the u quark, like for the lower limits of the vacuum energies (the
numbers) with the effect and without it. It is needed to say that this fact is not obvious; it
obviously seems correct that the helium’s nucleus must mostly wrap the vacuums, due to the
doubled charge of it and the more spatial sizes in comparison with the electron. For the helium
the logical dependence recovers in the both cases: the new one and the previous one. In the
previous approach the logical dependence restores, i.e. the most wrapping of the vacuum takes
place in the helium atom for the u quark and the least wrapping has the hydrogen atom for the

electron-positron vacuum. The uu vacuum in the hydrogen atom wraps smaller, than the
corresponding one in the helium atom in the previous approach. The non-integer value of the
electric charge of the u quark does not impact on non-prevailing of any values for this vacuum.
The exploring effect is very small for the new approach and it is much great for the previous
approach.

Appendix

Any approximate expression has its exact analog (from the right to the left)

Zf . +nl ll;[

n_.. = Floor Fo s ,
lP

but due to enormous number of summands cannot be calculated and, therefore, must not
consider. (Here the function ‘Floor’ means rounding down)

where

Acknowledgments

I am very grateful to Olga Volkova, EdS for the help in writing this paper. I especially
grateful to Yuri Rudenko, postgraduate for the help with the program applied to the article.

References

1. “This is why space needs to be continuous, not discrete | Forbes Media LLC” [Internet]
[cited 2024 May 08] Available from
https://www.forbes.com/sites/startswithabang/2020/04/17/this-is-why-space-needs-to-be-
continuous-not-discrete/?sh=31f5302574ea

2. G. Nekrasov (2024). A statement of the Cosmological constant problem and an effect of
the reducing of vacuum by matter based on uncertainty relations. The Papers on the SIPS
2024 by Flogen Star Outreach Publishing [Internet] [cited 2025 November 10] Available
from
https://www.flogen.org/sips2024/articles/sips24 38 00411460f7¢92d2124a67ea0f4cb518
5 FS.html

&9



10.

11.

12.

13.

14.

C. Amsler; et al. (Particle Data Group) (2008). "Review of Particle Physics: Leptons"
(PDF). Physics Letters B. 667 (1-5): 1. Bibcode:2008PhLB..667....1A.
doi:10.1016/j.physletb.2008.07.018. hdl:1854/LU-685594.

C. Amsler; et al. (Particle Data Group) (2008). "Reviews of Particle Physics: Quarks"
(PDF). Physics Letters B. 667 (1-5): 1. Bibcode:2008PhLB..667....1A.
doi:10.1016/j.physletb.2008.07.018. hdl:1854/LU-685594.

C. Amsler; et al. (Particle Data Group) (2008). "Review of Particle Physics: Neutrinos
Properties" (PDF). Physics Letters B. 667 (1-5): 1. Bibcode:2008PhLB..667....1A.
doi:10.1016/j.physletb.2008.07.018. hdl:1854/LU-685594.

Slater, J. C. (1964). "Atomic Radii in Crystals". Journal of Chemical Physics. 41 (10):
3199-3205. Bibcode:1964JChPh..41.3199S. doi:10.1063/1.1725697.

Croswell, Ken (February 1996). Alchemy of the Heavens. Anchor. ISBN 0-385-47214-5.
(The link:http://kencroswell.com/alchemy.html) Archived (The
link:https://web.archive.org/web/20110513233910/http://www.kencroswell.com/alchemy
.html) from the original on 2011-05-13.

Clementi, E.; Raimond, D. L.; Reinhardt, W. P. (1967). "Atomic Screening Constants
from SCF Functions. II. Atoms with 37 to 86 Electrons". Journal of Chemical Physics. 47
(4): 1300-1307. Bibcode:1967JChPh..47.1300C. doi:10.1063/1.1712084.

Primack, Joel R. (1 Oct 2012). "The Cosmological Supercomputer. How the Bolshoi
simulation evolves the universe all over again". IEEE Spectrum. Retrieved 31 Dec 2013.
Navas, S.; Amsler, C.; Gutsche, T.; Hanhart, C.; Herndndez-Rey, J.J.; Lourenco, C.;
Masoni, A.; Mikhasenko, M.; Mitchell, R. E.; Patrignani, C.; Schwanda, C.; Spanier, S.;
Venanzoni, G.; Yuan, C.Z.; Agashe, K. (2024-08-01). "Review of Particle Physics".
Physical Review D. 110 (3). doi:10.1103/PhysRevD.110.030001. ISSN 2470-0010. —
25.1.2

Linde, Andrei (2005). Particle Physics and Inflationary Cosmology. Contemporary
Concepts in Physics. Vol. 5. arXiv:hep-th/0503203. Bibcode:2005hep.th....3203L. ISBN
978-3-7186-0490-6.

Guth, Alan (1997). The Inflationary Universe: The quest for a new theory of cosmic
origins. Perseus. ISBN 978-0-201-32840-0.

Deruelle, Nathalie; Uzan, Jean-Philippe (2018-08-30). de Forcrand-Millard, Patricia
(ed.). Relativity in Modemn Physics (1 ed.). Oxford University Press.
doi:10.1093/0s0/9780198786399.001.0001. ISBN 978-0-19-878639-9.

Malcolm S. Longair (2008). Galaxy Formation. Astronomy and Astrophysics Library.
Berlin, Heidelberg: Springer Berlin Heidelberg. doi:10.1007/978-3-540-73478-9. ISBN
978-3-540-73477-2. — page 227

90



