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QUANTUM RELATIVITY: VARIABLE ENERGY
DENSITY OF QUANTUM VACUUM AS THE ORIGIN
OF MASS, GRAVITY, AND THE QUANTUM BEHAVIOR

In Quantum Relativity, time and space are separated. Time is the numerical order of material
changes, and space is the medium, in which these changes take place. Space has the origin
in a three-dimensional quantum vacuum defined by fluctuations of the energy density corre-
sponding to elementary RS (reduction state) processes of creation/annihilation of elementary
quanta. Quantum Relativity provides a unifying approach to special relativity, general relativ-
ity, and quantum mechanics. Each physical object from the micro- to the macroscale can be
derived from an opportune diminishing of the quantum vacuum energy density. In particu-
lar, the variable energy density of space in Quantum Relativity corresponds to the curvature
of space in general relativity. In quantum theory, the behavior of each subatomic particle fol-
lows from opportune elementary RS processes of creation/annihilation of quanta guided by a
quantum potential of the vacuum. Finally, the perspectives of this model regarding the view of
gravity and quantum as two aspects of the same coin and the electroweak scale are analyzed.
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1. Introduction
The 20" century theoretical physics replaced the no-
tion of an “empty” space with the idea of a unified
quantum vacuum as a fundamental medium subtend-
ing the observable forms of matter, energy, and space-
time. As a consequence of quantum field theories and
cosmology, the physical vacuum emerges as a unified
system governing the processes taking place in the
micro- and macroworlds, which manifests itself on all
space-time scales. The real particles such as electrons,
positrons, photons, hadrons, etc., as well as all macro-
scopic bodies, are quantum wave-like excitations of
this medium.

The missing point inside the physics of the 20"
century is that a region of universal space, which is
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void theoretically of all fields, elementary particles,
and massive objects, still exists on its own and so
must have some specific physical origin. The so-called
“empty space” is a type of energy that is “full” of it-
self and has its independent physical existence. We
explored recently this possibility by introducing, on
the basis of the Planckian metric emerging, for ex-
ample, from loop quantum gravity [1-3], a model
of a three-dimensional (3D) dynamic quantum vac-
uum, which can create a bridge between quantum
mechanics and general relativity. In this model, the
background space of physical processes is a 3D quan-
tum vacuum, where each elementary particle is deter-
mined by elementary reduction-state (RS) processes
of creation/annihilation of quanta (more precisely, of
virtual particle-antiparticle pairs) corresponding to
opportune changes of the energy density of space [4,
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5]. This model, as it provides a natural improvement
of general relativity and quantum theory with the
help of relevant foundations of quantum field theory
regarding quantum vacuum properties, can be appro-
priately named Quantum Relativity.

In this approach, the variable energy density of
space is the fundamental energy, which gives origin
to the different physical entities existing in the uni-
verse. In the outer intergalactic space, namely in the
absence of material objects, the energy density of
space is defined by the Planck energy density:

m02

22, (1)

p

PPE =

where mp is Planck’s mass, c is the light speed, and [,
is Planck’s length. Quantity (1) is the maximum value
of the energy density of space and physically corre-
sponds to the total average volumetric energy density,
owed to all the frequency modes possible within the
visible size of the universe, expressed by

7
ppp = % ~ 4.641266 x 102 J/m®, (2)

h being Planck’s reduced constant, G the univer-
sal gravitation constant. In the outer intergalactic
space, the curvature of space is zero, and its energy
density corresponds to value (2). The Planck energy
density is the average energy density of the empty
universal space, in which there are no material ob-
jects. Out of this fundamental energy pool of the uni-
verse, particles and antiparticles continuously appear
and disappear.

The quantum vacuum characterized by the energy
density (1) identifies a 3D Euclid space as a preferred
fundamental arena, which is quantitatively defined by
Galilean transformations for the three spatial dimen-
sions

X' =X-vr,
Y =Y, 3)
7 =27,

and Selleri’s transformation

2
T':\/l—%T (4)

for the rate of clocks. In Eqgs. (3) and (4), v is the ve-
locity of the moving observer O’ of the inertial frame
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o' measured by the stationary observer O, and 7 is
the proper time of the observer O of the rest frame o,
namely the speed of clocks of the observer O (here, as
usual, the origin of o/, observed from o, is seen to move
with velocity v parallel to the X axis). According to
transformations (3) and (4), the temporal coordinate
has thus a different ontological status with respect
to the spatial coordinates. It is the motion relative
to the rest frame of the Euclidean space associated
with the quantum vacuum energy density (1) that
influences clocks’ running. The duration of material
changes satisfying the standard Lorentz transforma-
tion for the temporal coordinate is a physical scaling
function, which emerges from the more fundamental
numerical order 7 defined by the relation

v2 vX

and determines itself a the re-scaling factor of the
distance in the first spatial coordinate determined by
the material motion of the form

5= i(t—f;) (6)

which yields just a re-scaling of the position mea-
sured by the moving observer expressed by the stan-
dard Lorentz transformation for the first spatial co-
ordinate [6].

By following the philosophy of Rueda’s and
Haisch’s interpretation of the inertial mass as an ef-
fect of the electromagnetic quantum vacuum [7], in
which the presence of a particle with a volume Vj ex-
pels from the vacuum energy within this volume ex-
actly the same amount of energy, as is particle’s inter-
nal energy (equivalent to its rest mass). In a similar
way in our approach of Quantum Relativity, each ma-
terial particle is associated with fluctuations of quan-
tum vacuum, which determine a diminishing of the
energy density of space. In Quantum Relativity, the
energy F of a given physical object with mass m and
volume V is the structured energy of quantum vac-
uum. The amount of energy E and mass m is propor-
tional to the diminished energy density of quantum
vacuum pqvg at the center of a given physical object:

E=mc® = (pPE — pave) V. (7)
Formula (7) is derived from the formula

ch

77 (8)
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where pqvg is the energy density of quantum vacuum
inside the physical object, ppg is the Planck energy
density [given by (1)], and V is the volume of the
physical object.

From formula (8), one can get the following formula
regarding the mass of the physical object:

m = (pPE gqu) v ] (9)
c

According to relation (9), there is a fundamental sym-

metry between the property of mass and the changes

of the quantum vacuum energy density [8]. From (9),

one can get (7), by multiplying the relation by c?.

Moreover, in a given volume V of the universal
space, the total sum of the different forms of ener-
gies (due to the different physical interactions and
fields) tends to be constant. This means that, on the
basis of the conservation of energy, the average value
of the quantum vacuum energy density (8) — intended
as a unified field governing the processes taking place
in the micro- and macroworlds — is constant in the
universe.

Relations (7)—(9) imply that there is an intrinsic
relation between the mass m and the quantum vac-
uum energy density in the sense that the amount of
the quantum vacuum energy, which is forming the
physical object, its inertial mass m;, and its gravi-
tational mass myg are all proportional to the energy
F of a given physical object and so to the diminished
energy density of quantum vacuum inside of the phys-
ical object:

E (pPE — Pqvi) V
0—2:m:mi:mgzc—2'

(10)
On the basis of the equivalence between the mass of a
material object and the energy of quantum vacuum,
established by Eq. (7), one can consider that, when a
material object moves, its kinetic energy is absorbed
from vacuum. In other words, the energy taken by a
particle from vacuum can be also acquired as the ki-
netic energy. This means that a relativistic physical
object is getting its relativistic energy and relativistic
mass by absorbing the additional energy from quan-
tum vacuum. This means that a relativistic physical
object additionally diminishes the energy density of
quantum vacuum at its center according to the rela-
tion , ,

_ mgv
PqvE = PPE — WLOCT27 (11)
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Fig. 1. Gravity as the force based on the difference between
the outer energy density of quantum vacuum ppg and the inner

energy density of quantum vacuum pqvg

where mg is the rest mass of the object and

v= \/02 _ (ppe — pqve)? V2

m2c?

is the velocity of the relativistic physical object, which
is linked with the variable quantum vacuum energy
density and, as one can easily check, is in agreement
with the special relativistic prediction that the energy
of a physical object diverges in the limit v — c.
Furthermore, on the basis of the fundamental equa-
tion (9) expressing the origin of mass from oppor-
tune changes of the quantum vacuum energy density,
the well-known Newton gravity formula between two
masses my and mo may be conveniently written as

P (ppE — pguEl) Vi(ppE — pgur2) Va2 G
=

o . (12)

The gravity force is proportional to the masses and in-
verse proportional to the square of the distance r. The
bigger the distance r, the smaller the difference be-
tween the outer energy density of quantum vacuum
and the inner energy density of quantum vacuum (see
Fig. 1).

The differences between the outer and inner en-
ergy densities of quantum vacuum are infinitesimally
small. A simple calculation shows that, in the ap-
proach based on Egs. (7)—(10), the gravitational in-
teraction is ruled by infinitesimally small changes of
the quantum vacuum energy density. Let us consider
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the values for the quantum vacuum density, which
is related to the energy demnsity by c¢? in the sense
that, when we multiply the density of quantum vac-
uum by c?, we get the energy density of quantum
vacuum. The Planck density pp of quantum vacuum
in the outer intergalactic space is as follows:

mp

P
Thus,
pp = 5.15500 x 10%  kg/m®. (14)

At the center of a black hole with the mass M of the
Sun and a radius 7 of 3000 m, the density of quantum
vacuum is

mp 3M
=X 15
P = " 4y (15)
namely,
Pgv = 5.1549999999999999999999999999999 x
x 10% kg/m®. (16)

By comparing values (14) and (16), one sees that
these values are almost equal: in the calculation of
quantity (15), one finds that, after 73 times of num-
ber 9, numbers 824 follow. This shows in other words
that infinitesimally small changes of the quantum vac-
uum energy density are governing gravity. The sta-
bility of atoms and subatomic particles requires that
the energy density of quantum vacuum has a certain
value. Inside of the Schwarzschild radius, the energy
density of quantum vacuum goes under that value,
which causes atoms and subatomic particles to be-
come unstable. Matter which is structured by the en-
ergy of quantum vacuum is disintegrating back into
the energy of quantum vacuum.

In Quantum Relativity, light is the vibration of
quantum vacuum. That is why light has the same
speed in all inertial systems, which all move in quan-
tum vacuum. Light obeys Doppler’s effect accord-
ingly to the velocities of the light source and accord-
ingly to the velocities of inertial systems, in which the
Doppler effect is measured.

In Quantum Relativity, the rate of clocks depends
exclusively on the energy density of quantum vacuum
and is valid for all observers. GPS proves that the rate
of clocks is valid for all observers regardless they are
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on the satellite stations, at home, in a train, or in an
airplane. Quantum Relativity is abolishing the time
as the fourth physical coordinate of space. Time is
merely a numerical order of material changes in quan-
tum vacuum and has exclusively mathematical exis-
tence. When the numerical order of material changes
is measured from the side of an observer, the dura-
tion is entering the existence. There is no duration
without the measurement.

In this view, no signal can move in the physical
time dimension to the present moment. Every sig-
nal can move only in space, means in quantum vac-
uum. CMBR (cosmic microwave background radia-
tion) cannot come from some remote physical past,
because such a past does not exist. This is in ac-
cord with the vision of Albert Einstein: “Time and
space are modes by which we think and not condi-
tions in which we live. ...there is something essential
about the NOW which is just outside the realm of
science. People like us, who believe in physics, know
that the distinction between the past, present and
future is only a stubbornly persistent illusion. Time
has no independent existence apart from the order
of events by which we measure it”. According to the
Quantum Relativity, CMBR is the characteristic ra-
diation of quantum vacuum, which is the fundamen-
tal energy field of the entire universe. In quantum
vacuum, it is always NOW. The linear time “past-
present-future” has only the psychological existence,
through which an observer is experiencing the run of
physical changes in quantum vacuum |8§].

Quantum Relativity is built on the bijective epis-
temology [9], which sees a given physical object in-
separably related to the space (quantum vacuum),
in which the physical object exists. In this view, the
region of quantum vacuum with a diminished en-
ergy density, in which a given physical object ex-
ists, is intrinsically connected with the physical ob-
ject. We cannot approach them separately. The re-
gion of quantum vacuum is moving with the physical
object. If the object is rotating, the region is rotating
as well. In this view, the region of quantum vacuum
around the Earth is moving with the Earth. That is
why the Michelson—Morley experiment gave the neg-
ative result. The Sun also rotates the surrounding
quantum vacuum, giving rise to what we call “drag-
ging effect”. The dragging effect is the physical origin
of the precession of planet. On the basis of Egs. (7)—
(9), we have developed a mathematical model for the
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precession of planets, which gave exactly the same
result as the calculations by Albert Einstein.

In this paper, our purpose is to put in evidence
in what sense the approach of Quantum Relativity
provides an improvement of general relativity and
quantum theory. In Section 2, we will examine the
main results regarding quantum mechanics, which fol-
low from the RS processes of creation/annihilation of
the 3D quantum vacuum. In Section 3, we will ana-
lyze the main results regarding special relativity and
general relativity. Finally, in Section 4, we will show
how this approach determines the suggestive unify-
ing perspectives of quantum mechanics and general
relativity, as well as of the electroweak regime of the
Standard Model.

2. Quantum Relativity
as an Improvement of Quantum Theory

Quantum physics, in its modern formulation, has
about 90 years. Although it has created many in-
terpretative problems about the description of sub-
atomic processes, its predictions have been confirmed
with a incredibly high precision. As regards the ge-
ometry of the physical world, quantum physics yields
more spread scenarios than those offered by every pre-
vious physical theory, showing in particular that the
subatomic particles are non-locally connected and can
be in entangled states. While in the Copenhagen in-
terpretation owed to Bohr, Heisenberg, and their fol-
lowers, the non-locality is an unexpected host, which
lies behind the purely probabilistic interpretation of
the wave function and the mechanism of “casuality”
associated with it, on the basis of the experimental
results of many authors (such as those by A. Aspect
and A. Zeilinger, just to name a few), one has to
acknowledge that the non-locality is the ultimate vis-
iting card of the geometry of quantum physics and
constitutes an essential property, which is at the ba-
sis of the behavior of subatomic particles and the ge-
ometry of the quantum world [10, 11]. In the light
of the existence of non-local correlations in the sub-
atomic world, the following questions become natu-
ral: what is really a subatomic particle such as an
electron? What does it determine the behavior of a
subatomic particle? What is the real ultimate back-
ground of subatomic processes? Despite the “pacific
coexistence” between relativity and quantum physics
expressed by the fact that the non-local correlations
characterizing the behavior of subatomic particles do
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not transport energy, and thus they do not violate
the laws of relativity, there is furthermore the funda-
mental problem of building a dynamic model of the
space-time background, in which the quantum pro-
cesses also find a place, in other words of developing
a quantum geometrodynamics.

The Quantum Relativity faces the question regard-
ing the non-locality as an essential ultimate visiting
card of quantum processes in a direct way by in-
troducing a 3D non-local quantum vacuum as the
fundamental background. Quantum Relativity pro-
vides an improvement and a completion of quan-
tum theory in the sense that the behavior of an
electron can be seen as the effect of the more el-
ementary processes of formation and dissolving of
quanta of the 3D quantum vacuum. Here, the key
point is to introduce Bohm’s quantum potential into
a 3D isotropic quantum vacuum characterized by the
Planckian metric and defined by elementary processes
of creation/annihilation of quanta corresponding to
Chiatti’s and Licata’s transactions.

In a series of recent papers [12, 13|, Chiatti and
Licata proposed the idea of that, in the physical uni-
verse, the ontologically primary events are the cre-
ation and annihilation of an elementary quantum, of
an actualized transaction, and they correspond to a
peculiar reduction of the state vector (which is consti-
tuted of interaction vertices, in which real elementary
particles are created or destroyed). In the epistemo-
logical affinity with Chiatti’s and Licata’s transac-
tional approach, the Quantum Relativity model pos-
tulates that the appearance of baryonic matter de-
rives from an opportune excited state of the 3D quan-
tum vacuum defined by opportune changes of the
quantum vacuum energy density and corresponding
to the specific reduction-state (RS) processes of cre-
ation/annihilation of quanta [4]. The excited state of
quantum vacuum corresponding to the appearance of
a material particle of mass m is defined (in the center
of that particle) by the energy density (8) (and thus
by a diminishing with respect to the Planck energy
density characterizing the ground state), and its evo-
lution is determined by opportune RS processes of
creation/annihilation of quanta described by a wave
function

= ()

with two components satisfying a time-symmetric
extension of the Klein—Gordon quantum relativistic
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equation

H 0 -0
(0 —H) o

where H = (—h@”@u + ‘6%2 (Aﬂqu)2> and Apqyg =
= (ppE — pqve) is a change of the quantum vacuum

energy density. Equation (17) corresponds to the fol-
lowing two equations:

(17)

V2
(crora+ L @) vasto =0 as)
for creation events and
V2
(hz’a“au -z (quvE)2> ¢qQ,i(x)=0 (19)

for destruction events.

The virtual particles-antiparticles corresponding to
the RS processes of creation/annihilation of the 3D
quantum vacuum give rise to a total zero spin, thus
constituting an organized Bose ensemble analogous
to the superfluid helium [14]. As a consequence, in
agreement with a recent model proposed by Sbitnev
in a series of recent papers [15-18], in which the phys-
ical vacuum is seen as a superfluid medium and con-
tains pairs of particles-antiparticles, which make up
a Bose—Einstein condensate, Quantum Relativity im-
plies that, in presence of ordinary baryonic matter,
the 3D quantum vacuum — and thus the fundamental
background, which rules the behavior of subatomic
particles — physically acts as a superfluid medium and
thus can be characterized by the following Einstein
energy-momentum tensor:

T = (e + p) ut'u” + pn™, (20)

where ¢ and p are functions per unit volume ex-
pressed in units of pressure, and the metric tensor
" has the spacelike signature (—,+,+,+). From
the energy-momentum tensor (20), one obtains the
following conservation law:

8, (V"™ Jn) = 0, (21)

where n is the number of the RS processes
of virtual subparticles characterizing the vacuum
medium. Hence, by following the philosophy that un-
derlines Sbitnev’s hydrodynamic picture provided in
[18], Egs. (20)—(21) yield the first Fick’s law in the
relativistic limit in the form

. D
Ju = _gau (Apqve),
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(22)

where the diffusion coefficient D — having the dimen-
sion of length?/time — can be seen as a result of
the scattering of the subparticles of the RS processes
characterizing the vacuum in a given volume V and
can be expressed as

hc*n

=_—— . 2
2quVEV ( 3)

As a consequence of the motion of virtual particles
corresponding to the elementary fluctuations of the
quantum vacuum energy density, space-time is filled

with virtual radiation with frequency w = %, namely
2quvEVv
=— 24
@ hn (24)

In the light of relations (23)—(24), we can say that
each elementary fluctuation of the quantum vacuum
energy density in a given volume produces an oscil-
lation of the vacuum at a peculiar frequency. This
means that each material object given by mass (9)
corresponds to oscillations of the vacuum given by
relation (24).

The total effect of the motion of virtual particles
produced by the RS processes characterizing a given
region — in correspondence to changes of the quantum
vacuum energy density — is to generate a dragging
pushing effect of the 3D quantum vacuum. In partic-
ular, one may describe the pushing effect of a region
of volume V' of the quantum vacuum at a given point
at a distance R from the center of that volume by
defining a velocity of the 3D quantum vacuum on the
basis of the relation

o 2quvEV
Yoo = hn
The quantum vacuum velocity (25) is defined with
respect to the special rest frame of the Euclid space
associated with the quantum vacuum energy density
(1). In other words, the rest frame corresponding to
the Planck energy density is a special frame, in which
the quantum vacuum velocity (25) is zero, all ma-
terial objects (and thus all variations of the energy
density of quantum vacuum) correspond to regions
of the quantum vacuum endowed with velocity (25)
with respect to this special frame. We will return to
the important role of the velocity of quantum vacuum
(25) later, in Section 3, in the treatment of relativity.

Let us now see, in mathematical details, in what
sense the non-locality is embedded in Quantum Rel-
ativity as the ultimate visiting card of processes. By

R. (25)
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considering the fundamental equation ruling the RS
processes, namely the Klein—Gordon equation (17),
and decomposing the real and imaginary parts of
this equation after writing the two components of the
wave function in the polar form

iS5
Q. = [q.i| exp h’ )

iS?
$0,i = |Pq,i| exp (;;2’2),

one obtains a couple of quantum Hamilton—Jacobi
equations for the real part that, by imposing the re-
quirement that they are Poincare invariant and have
the correct non-relativistic limit, take the following
form:

S\ gu (S6a) _V? 2 Qb
Oy (Sg> ot <S§> =3 (Apgve)” exp <_%g )

(28)

while the imaginary part gives the continuity equa-
tion

L Swz
0, (aaf (S%)) o,

where o is the ensemble of particles associated with
the wave function under consideration and

2
(V2 - %2%) V@il

(26)

(27)

(29)

h2c? Qi
O B 2 0
Pave (V2 - 72@) |60,
|¢q.il

is the quantum potential of the vacuum. The non-
locality characterizing subatomic processes emerges
ultimately from the quantum potential of the vacuum
(30), which represents the fundamental entity, which
guides the occurring of the processes of creation or
annihilation events in space. As a consequence of the
primary physical reality of the processes of creation
and annihilation and of the non-local action of the
quantum potential and in analogy to the epistemol-
ogy of a recent model proposed by Licata and Chiatti,
where the quantum jumps are processes of entry and
exit from the usual temporal domain to a timeless
vacuum [19], the behavior of the matter in the uni-
verse in Quantum Relativity can be seen as an un-
divided network of RS processes that take place in

ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 7

a 3D timeless quantum vacuum, and time has not a
primary physical reality but exists merely as a math-
ematical parameter measuring the dynamics of the
particle under consideration.

As regards the RS processes of creation, the quan-
tum potential associated with the virtual particles of
the RS processes of the 3D quantum vacuum may be
written as

p1+ P2
N 7 IS A
@ n
72c2n2 1 92
= [V2ApyE — — =5 APy
4AinEV2 |: PavE 62 3152 Pq E:| +
h2c?n? o 1 [0 2
T Apve)” — = | =Apqv , 31
where n is the number of virtual particles-

antiparticles of the RS processes in the volume V'
of the 3D quantum vacuum under consideration [20].
Equation (31) shows that the quantum potential of
the vacuum describes the geometry via the pressures
p1 and po that arise by the collisions between the
virtual particles-antiparticles populating the vacuum
and corresponding to the RS processes. In this pic-
ture, the quantum potential of the vacuum (31) may
be considered as the real origin of the quantum ef-
fects. This means that, according to the model of the
Quantum Relativity, the quantum potential of ordi-
nary quantum mechanics (that is Q = —% V;R for
a one-body system in the non-relativistic domain)
can be considered a consequence of the more fun-
damental quantum potential of the quantum vac-
uum (31).

In the Quantum Relativity model presented here,
the evolution of each subatomic particle (such as
an electron in the double-slit interference) emerges
from the opportune elementary RS processes of cre-
ation/annihilation of quanta guided by the quan-
tum potential of the vacuum. The behavior of a sub-
atomic particle, as described by Bohm’s approach
to quantum mechanics, can thus be seen as a result
of the more fundamental evolution of fluctuations of
the quantum vacuum energy density corresponding
to elementary RS processes of creation/annihilation
of quanta. Because of its origin from the elemen-
tary fluctuations of the quantum vacuum energy den-
sity, an electron can be therefore associated with
appropriate waves of the vacuum, which guide it
in the different regions of the 3D quantum vacuum
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through the action of the quantum potential of the
vacuum [21].

In particular, the non-local correlations character-
izing the quantum domain can be seen as effects de-
riving from the general Bell length of the 3D quantum
vacuum

Lquantum =
2
h
= ‘ : , (32)
D VI~ (VquvE)2+ %2 (%quvE) -
nl— quvE (vapqu_ %%quVE>

which measures the degree of non-local correla-
tion characterizing this background. The quantum
length (32) is the ultimate parameter that quanti-
tatively indicates that, at a fundamental level, the
3D quantum vacuum defined by RS processes of
creation/annihilation of virtual particles-antiparticles
corresponding to fluctuations of the quantum vacuum
energy density is a non-local and timeless manifold.
On the basis of some recent research, the Bell
length as the ultimate parameter, which quantifies
the degree of non-local correlations in a quantum sys-
tem, implies that the maximum delocalization of a
quantum system is 1 [22]. As a consequence of this,
one obtains the following simple relation satisfied by
the number of virtual particles-antiparticles of the RS
processes of the 3D quantum vacuum under the con-
dition of maximum entanglement and the maximum
grade of non-locality and delocalization in a quan-
tum system having the mass m = Apc‘gifv produced
by the fluctuations of the quantum vacuum energy
density corresponding to the same RS processes:

nl/2 — 2AquEVU2
2
- (VAquE)Q"" c% (%quvE) -
- quVE (ngpqu - C%%quv]ﬂ)

.(33)

In virtue of the fundamental features of the 3D quan-
tum vacuum in Quantum Relativity, one can throw
new light as regards the problem of the existence,
in quantum physics, of different descriptive levels of
physical reality, whether formal analogies exist be-
tween them or there is a deeper meaning. In fact,
by using a Bohmian terminology, the reality con-
stituted by the RS processes and their evolution
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through the non-local action of the quantum po-
tential of the vacuum can be defined as the back-
ground, from whose differentiation the foreground
constituted by the events of a given subatomic par-
ticle or system (governed by the well-known laws of
quantum theory) emerges. In this picture, the ordi-
nary spacetime has no physical reality of its own,
but it is, so to speak, materialized by RS pro-
cesses. In an analogous way, the background associ-
ated with the de Broglie-Bohm pilot-wave theory but
also of Bohm'’s implicate order and Hiley’s pre-space
seen as manifolds derived from this more fundamen-
tal arena represented by the three-dimensional non-
local timeless quantum vacuum are someway “ma-
terialized” by RS processes. The philosophy of this
model as regards the link between our level of phys-
ical reality (regarding measurement processes), the
implicate order, and the 3D timeless non-local quan-
tum vacuum actually follows someway the program
that Bohm had already sketched out, when he had
studied the relationship between implicate and ex-
plicate orders. At the same time, it allows us to go
beyond it, suggesting a possible deeper origin and
explanation of Bohm’s implicate order. One can say
that, since each subatomic particle (such as an elec-
tron in the famous double-slit interference experi-
ment) is indeed the evolution of RS processes of
creation/annihilation of quanta corresponding to ele-
mentary fluctuations of the quantum vacuum energy
density, there is an equivalence between the 3D time-
less non-local quantum vacuum and the space-time
background of the subatomic particle under consid-
eration (in this sense, there is a formal analogy be-
tween the 3D timeless non-local quantum vacuum and
the usual background of quantum theory). Moreover,
the Quantum Relativity allows us to suggest a deeper
meaning of the relationships between the different de-
scriptive levels of physical reality in the sense that,
with the introduction of a 3D timeless non-local
quantum vacuum defined by RS processes of cre-
ation/annihilation of quanta corresponding to ele-
mentary fluctuations of the quantum vacuum energy
density, the ordinary quantum mechanics emerges di-
rectly from the 3D timeless non-local quantum vac-
uum [21].

Finally, the Bell length of the vacuum introduces
interesting perspectives as regards a new re-reading of
the well-known Bell inequalities investigating the cor-
relations between two particles that share a quantum
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state [23-25]. As regards the quantum dynamics of a
general two-qubit state, with vanishing total angular
momentum projections, given by the equation
0 o . U
[9) = cos & [14) + ¢i® sin = |11, (34)
where |[f]) corresponds to the state of the system,
when the first qubit is in the “up” state and the second
qubit is in the “down” state, while || 1) corresponds to
the state of the system, when the first qubit is in the
“down” state and the second qubit is in the “up” state,
the quantum potential in the Bohmian framework is

(Mf + Mg) R
2IR '
Here, M, = iMlS and My = ngS are the angular
momenta of two qubits 1 and 2, respectively, S be-
ing the phase of the wave function of the system. The
grade of non-locality in this system may be charac-
terized by considering the following Bell length:
1

(M3+M3)R)
R

Q= (35)

(36)

Lquantum =

In the approach of Quantum Relativity, since each
quantum system is the evolution of opportune RS
processes of creation/annihilation of quanta corre-
sponding to elementary fluctuations of the 3D quan-
tum vacuum, the Bell length (36) regarding a sys-
tem of two qubits in the entangled state (34) can be
derived from a more fundamental Bell length of the
vacuum (32). More precisely, one can say that the be-
havior of a system of two qubits in the entangled state
(34) described by the quantum laws is ultimately de-
termined by RS processes of creation/annihilation of
quanta corresponding to elementary fluctuations of
the 3D quantum vacuum on the basis of the equation

1 J—
((M3+M3)R)

R 2
h
= < : . (37)
D V|~ (VApger)’+ = (S ApavE) —
n - quvE (VQAPqVE* égi;quvE)

Now, in the light of these considerations, by following
the philosophy underlying the approach of Hall’s cor-
relation distance developed in [26], we can suggest in
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our model of Quantum Relativity that the standard
Bell inequality in the form derived by Clauser, Horne,
Shimony, and Holt (CHSH),

CHSH = (AB) + (AB') + (A'B) — (A'B’) <2, (38)
may be generalized as
4
(AB)+(AB"Y+(A'B)— (A'B’) < S 5 Fmam (39)
2 Lqu"mtum

where Ly im = 1 is the maximum value of the Bell
length of the vacuum that is directly determined by
opportune fluctuations of the quantum vacuum en-
ergy density on the basis of Eq. (32). By substituting

Eq. (32) into Eq. (39), we obtain

(AB) + (AB') + (A'B) — (A'B’) <
4
< 27 th b
. — (VAR + 5 (5 Apa‘b”‘E") -

- quVE (V Apg%aé( C2 8t2 AP{;%)
(40)

where Apmax are the opportune quantum vacuum en-
ergy ﬂuctuatlons determining the maximum degree
of non-local correlations in a quantum system. The-
refore on the basis of the Bell length of the vacuum
(32), a quantum vacuum inequality can be introduced
in the form

CHSHvacuum < O; (41)
where
CHSHyacuum = (AB) + (AB') + (A'B) — (A’'B’) —
4
o 9 _ c2h
(VApgifaé() 02 ( A gi]%) -
— Dpq (V2Apmas — & 5 Apmey)
(42)

In the Quantum Relativity approach, the violation of
the quantum vacuum inequality (41) essentially co-
incides with the one of the standard CHSH inequal-
ity. However, the measurements that maximize the
violation of CHSH are not the ones, which give the
maximal violation of CHSHyacuum- In general, for the
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standard Bell-CHSH scenario, the violation of the
standard inequality (38) is a necessary but not suffi-
cient condition for the violation of (41). The advan-
tage of the quantum vacuum inequality (41) lies in
the fact that the results depend causally on the Bell
length of the vacuum, which emerges directly as the
ultimate parameter determining, at the fundamental
level of the 3D quantum vacuum defined by RS pro-
cesses of creation/annihilation of quanta correspond-
ing to elementary fluctuations of the quantum vac-
uum energy density, the correlation degree in quan-
tum systems.

3. About the Advances
of Quantum Relativity Regarding Special
Relativity and General Relativity

In Quantum Relativity, time has only a mathematical
meaning, namely, time is a numerical order of changes
running in space. Time is not the 4*" dimension of
space. In Quantum Relativity, light has the same ve-
locity in all inertial systems, because the source of
light and all inertial systems, in which the light is ob-
served, are moving in the same space (3D quantum
vacuum); a photon is the wave of space (3D quantum
vacuum), in which the source of light and all inertial
systems move. Light behaves itself accordingly to the
Doppler law. All phenomena of special relativity are
in Quantum Relativity described in a 3D space. There
is no “time dilation” and “length contraction,” which
are only the mathematical tools in the Einstein the-
ory to preserve the light speed constancy.

In Quantum Relativity, the rate of clocks is valid
for all observers. Quantum Relativity abolishes “in-
ternal observer”, “external observer,” and “coordinate
time” of special relativity. In Quantum Relativity, the
rate of clocks in all inertial systems is valid for all ob-
servers. GPS proves that. The Special Relativity ef-
fect of a slower rate of clocks on the satellites and the
General Relativity effect of a faster rate of clocks on
the satellites have, in Quantum Relativity, the ori-
gin in the variable energy density of quantum vac-
uum. Satellites are moving with higher velocity than
the Earth surface. Because of this, they additionally
absorb the energy of quantum vacuum, which actu-
ally is the kinetic energy of satellites. The additional
absorption of the quantum vacuum energy in the form
of a kinetic energy causes the additional diminish-
ing of the energy density of quantum vacuum inside
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of a satellite, which causes that the rate of clocks is
slower. As for the General Relativity effect related to
the motion in the direction away from the Earth in
the space, the energy density of quantum vacuum is
increasing, and the rate of clocks is faster. The vari-
able rate of clocks in all inertial systems is valid for
all observers.

In Quantum Relativity, the light speed is con-
stant in the regions of the universal space with un-
changed energy density of quantum vacuum. Min-
imal changes of the quantum vacuum energy den-
sity cause minimal changes of the light speed in ac-
cord with classical physics’ discovery, namely, the
motion speed of a signal is increasing with the den-
sity of the medium, in which signal is moving. The
Shapiro experiment proves that light diminishes min-
imally the speed in stronger gravity, where the energy
density of quantum vacuum is lower. General Rela-
tivity describes the Shapiro experiment as “gravita-
tional time dilation”, which means that, in a stronger
gravity field, the 4*" time coordinate is dilating, get-
ting longer. Respectively, the time of the light motion
from point A to point B increases. This interpreta-
tion is not realistic. Quantum Relativity is abolish-
ing the gravitational time dilation, which is purely
a mathematical model and has no correspondence in
the physical world.

In Quantum Relativity, the relativistic decay of
muons [27] has origin in the diminished energy den-
sity of quantum vacuum. Muons are moving toward
the Earth with high speed, which increases their ki-
netic energy and additionally diminishes the energy
density of quantum vacuum. The diminished energy
density of quantum vacuum causes that all physi-
cal changes, including muons’ decay, are slower. In
Quantum Relativity, there is no “time dilation,” as
it is in Special Relativity, in the sense that time di-
lates as the physical reality, in which material changes
run. In Quantum Relativity time is merely numerical
order of the material changes. When we measure this
numerical order of material changes with the clocks,
we get the duration. Muons move in quantum vac-
uum, where it is always NOW. Their high velocity
additionally diminishes the energy density of quan-
tum vacuum, which causes that the decay of muons is
getting slower and is valid for all observers. The rate
of clocks in Quantum Relativity does not depend on
the observer position; it depends only on the energy
density of quantum vacuum.
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Quantum Relativity fully explains the Sagnac ef-
fect, by which a light signal needs more time, when
travelling from point A to point B in the opposite di-
rection of Earth’s rotation. With the rotating Earth,
the quantum vacuum area around the Earth is also ro-
tating. As a photon is the wave of quantum vacuum,
it needs more time, when moving in the opposite di-
rection of the movement of quantum vacuum.

A detailed analysis of the Sagnac effect, which re-
gards the different velocities of different light signals
relative to an interferometer, can be found, for ex-
ample, in Post’s classical paper [28]. The original ap-
paratus utilized by Sagnac in his famous experiment
is depicted in Fig. 2: a light source S generates light
signals, which are divided by the half-silvered-mirror
HSM into two beams, which follow a clockwise or
counter-clockwise path of the same length back to
HSM, where they are recombined and detected at a
final mirror D. Sagnac’s experiment shows that when
this interferometer is rotated with angular rate (2
rad/sec, a fringe shift AZ given by the relation
AZ =4Q- A/ (Aoc) (43)
is observed. It corresponds, at the lowest order in
the vector € providing the direction and the rate of
rotation, to a phase difference between the counter-
rotating beams of
Ap =21AZ =87 - A/ (Aoc). (44)
In Egs. (43)—(44), Ao is the vacuum wavelength of
light, !fl‘ is the area enclosed by the circulating
light beams, and A is perpendicular to the plane
of an interferometer. The scalar product € - A indi-
cates that the phase difference between the counter-
rotating beams is proportional to the cosine of the
angle between the axis of rotation and the normal
to the optical circuit. Equations (43)—(44) physically
mean that when an interferometer is rotated, there
are different transit times from a beam-splitter to
a beam-splitter for clockwise- and counter-clockwise-
rotating beams. Moreover, it is of interest to remark
that, by making an electromagnetic discussion of the
Sagnac effect in the context of a geometric optical the-
ory, Post obtained in [28] that the actually observed
fringe shift produced by the clockwise and counter-
clockwise beams in a moving interferometer with co-
moving medium, when compared with the stationary
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Fig. 2. A Sagnac interferometer

case, can be expressed as

_20

A7 = —
Ao

n? (1 —a)v-dr, (45)
where n is the index of refraction in the stationary
medium, v is the velocity field, dr is the vector line
element, and the equivalence between (45) and (43)
may be reproduced, if one sets & = 1 — n~2 and uses
the following relation based on the Stokes theorem:
]{v-dr:%curlvmiA:%Z-A. (46)

Now, in our approach, the vector €2, which provides
the direction and the rate of rotation of a Sagnac in-
terferometer, derives from the motion of the virtual
particles of the RS processes corresponding to ele-
mentary fluctuations of the quantum vacuum energy
density, namely, it can be associated with the frequen-
cies given by Eq. (24). In other words, the vector
may be expressed as

_ QApQVEV ]V,

ik hn

(47)
where N is the unit vector identifying the direction
of the vector €. It is vector (47) associated with
the frequencies of the motion of virtual particles of
the RS processes of the quantum vacuum that de-
termines the phase difference between the counter-
rotating beams in the Sagnac experiment. In other
words, one can say that, as a consequence of these el-
ementary fluctuations of the quantum vacuum energy
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Fig. 3. A circular Sagnac interferometer of radius R rotating
with uniform angular velocity 2 in the clockwise direction [30]

density, when the whole Sagnac apparatus, includ-
ing the light source and the detector, is rotated, the
fringe shift between clockwise- and counter-clockwise-
rotating beams corresponds, at the lowest order in
the angular velocity, to a phase difference between
the counter-rotating beams of the form

Ap =167

o NA/ ()\QC).

On the basis of Eq. (48), we can say that the real ori-
gin, the real ultimate visiting card of the phase shift
of a Sagnac interferometer, is represented by motion
of the virtual particles of the RS processes of the 3D
quantum vacuum. Moreover, taking Eq. (25) into ac-
count and by introducing the length L of the fiber
optic path, Eq. (44) may also be formulated as
Ap =8rL N - A/ (Moo), (49)
where A = 4L? is the area enclosed by the moving
light beams. Equation (49) shows that the phase dif-
ference between the counter-rotating beams is pro-
portional to the velocity of the quantum vacuum de-
termined by the motion of virtual particles produced
in the RS processes of the region under considera-
tion [29]. Moreover, in a special relativistic picture,
the phase difference (49) may be expressed as

Vgo 13 (2ApgeV LY
Ao =81 NA 1 = (/v 2
p=8m L / (o) [ 24 ( hnc )
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28pgeV LY

Y o
In view of a comparison with Post’s treatment, it is
of interest to consider a Sagnac circular interferom-
eter of radius R rotating with uniform angular ve-
locity in the clockwise direction. Here, by following
to Field [30], we consider LSy and LS_ co-rotating
and counter-rotating light signals, which depart si-
multaneously from a beam splitter (BS), when it
is positioned at BSy (see Fig. 3). The signals LS_
(LS;) arrive back at BS, when it is in the labora-
tory frame positions BS_ (BSy). In the laboratory
frame, both light signals move with speed c. The dif-
ferent arrival times result from different laboratory
frame path lengths followed by the signals.

In this case, taking Field’s results into account, the
relative velocities of the light signals and an inter-
ferometer determined by the dragging effect of the
quantum vacuum are given by

- (QAp%V:VR) (51)
namely

= cF g, (52)
where ¢ (c;") are the velocities of clockwise (counter-

clockwise) rotating light signals, relative to an adja-
cent point on the interferometer, in the laboratory
system. The times-of-passage of the light signals from
a beam-splitter to a beam-splitter in the laboratory
system for the counter-rotating signals are

2rR

Ty— 53
+ T (2Ap%vnEVR) (53)
namely
2
o= 2T (54)
cF Vgo

In a special relativistic picture, by using the differen-
tial Lorentz transformations from the laboratory sys-
tem into the instantaneous co-moving frame of the
beam splitter BS, the phase shift can be expressed as

vy — 16TBpaVA [ L (28pqsVRY
SR~ Aohine 2

o ((PAranV R o
hinc ’
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namely
8TV A 1 /vg\2 Vgv\°
Adan — Vv 2 (Yav Vqu
9sr Ao Re [ 2 ( c ) } o (( c ))’ (56)
where A = TR2.

Equations (55) and (56) may be considered as the
counterparts of Eq. (50) as regards the Sagnac circu-
lar interferometer. In other words, the physical sig-
nificance of Egs. (55)—(56), on the one hand, and of
Eq. (50), on the other hand, is the same. Both for
a linear interferometer and for a circular interferome-
ter, the phase difference between the counter-rotating
beams (with respect to the stationary state) is deter-
mined by the elementary fluctuations of the quantum
vacuum energy density, and thus by the velocity of
the quantum vacuum, in the area A enclosed by the
moving light beams. The only difference between the
two cases is as follows: while the area in the linear
interferometer depends of the length L of the fiber
optic path, it is linked in the circular interferometer
with its radius R.

As a consequence of the phase difference expressed
by Egs. (55)—(56), in the circular interferometer, the
relative velocities of the light signals and the interfer-
ometer in the co-rotating systems are:

2rR

7
T:I: =—,
YCr

(57)

where
1

1
\/ 1- (L”g;ﬁ”)z \/ 1 ()

Relations (57) indicate that the signal flight times
in the co-rotating frame are determined by the mo-
tion of virtual particles of the RS processes of the
3D quantum vacuum and turn out to be in agree-
ment with the calculations previously performed by
Tartaglia [31]. Moreover, Egs. (57) show that the rel-
ative velocities of the light signals and the circular
interferometer transform between the laboratory and
co-rotating frames according to the relation

(58)

() =7 {c T <2Ap%\;fw3>} (59)
namely
() =7 [eF (vg)]; (60)
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which allow us to provide a new key of reading the
previous results by Klauber [32]. From Eq. (60), it
follows also that

2ApqvEV R
r _ o5

(cf)l - c+ (iAquEVR ) (61)
" hn ’
namely
+)’ —
(Cr )/ _ c ,qu7 (62)

which is in agreement with Selleri’s inertial transfor-
mations

, _ Zop — vio

= =
y' = Yo,
2" = 2,

t' = /1 — 21,

which determine an arena of special relativity, in
which the temporal coordinate must be clearly con-
sidered as a different entity with respect to the spa-
tial coordinates, just because the transformation of
clocks’ run between the two inertial systems does not
depend on the spatial coordinates.

On the light of the treatment of the Sagnac effect
based on Egs. (47)—(62), one can say that the dif-
ferent velocities of clockwise- and counter-clockwise-
rotating light beams relative to the Sagnac interfer-
ometer (both in the cases of the linear and circular
interferometers) is really due to the motion of vir-
tual particles of the RS processes of the 3D quantum
vacuum and, therefore, to the velocity of the quan-
tum vacuum. The motion of virtual particles, which
arise in the RS processes of the 3D quantum vac-
uum can be considered as the ultimate visiting card,
which determines the different velocities of clockwise-
and counter-clockwise-rotating light beams relative to
the Sagnac interferometer. In virtue of the motion of
virtual particles of the RS processes, the quantum
vacuum around the Earth is turning with it, and —
as Egs. (47)—(62) explicitly demonstrate — this causes
that the light signal between two clocks moves with
higher velocity in the direction of Earth’s rotation
and with lower velocity in the opposite direction. A
turning quantum vacuum, in which a photon moves,
influences its velocity (see Fig. 4).

(63)
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Fig. 4. Sagnac effect by measuring the light signal velocity

It must be emphasized that the above interpre-
tation of the Sagnac effect in terms of fundamental
fluctuations of the quantum vacuum energy density
turns out to be compatible with the consideration
of the Doppler effect between different light signals
moving in the different arms of the interferometer. In
fact, if wp is the light frequency in free space, it
gets, as a consequence of the Doppler effect, an in-
crement +Aw depending on along which arm of the
interferometer the light spreads, and it is this incre-
ment which can be associated with the different veloc-
ities of the clockwise and counter-clockwise rotating
light signals (52) and, consequently, of their respec-
tive times-of-passage from a beam-splitter to a beam-
splitter (54). In particular, in the case of the circular
interferometer, on the basis of Egs. (52), the incre-
ment Aw of the frequency depending on along which
arm of the interferometer the light spreads is

+ Uqv
Aw™ = 5

%o (64)

Ao being the usual wavelength of light in vacuum. Ac-
cording to Eq. (64), the frequency difference between
clockwise and counter-clockwise rotating light signals
is determined just by the velocity of the quantum vac-
uum, and thus by fluctuations of the quantum vac-
uum energy density. The treatment of the Sagnac ef-
fect in terms of the Doppler effect determined by a ve-
locity of the quantum vacuum, described by Eq. (64),
may be compared to the one of the transmission of
signals from rate-adjusted transmitters orbiting on
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Global Positioning System (GPS) satellites. On the
basis of Ashby’s results [33], the frequency jumps aris-
ing from satellite orbit adjustments — used by GPS in
order to provide the world-wide position and the time
determination — allow several relativistic effects, such
as just the Sagnac effect, to be explained. In particu-
lar, according to Ashby’s results, if fy = 10**> MHz is
the frequency of the satellite transmission, before the
rate adjustment is done, after considering the rate ad-
justment, the received frequency for a receiver fixed
on Earth’s rotating geoid is

S

a T (65)
where « is the semimajor axis of the orbit of a satel-
lite, Mg is Earth’s mass, N is a unit vector in the
propagation direction in the local inertial frame, vy
is the velocity of a receiver, v; is the velocity of the
satellite. In our opinion, Ashby’s formalism (65) re-
garding the Doppler effect of signals coming from
GPS satellites is compatible with our treatment of
the Sagnac effect in the context of the Quantum Rela-
tivity approach. What we do here more than Ashby’s
formalism, in our interpretation of the Sagnac effect,
is to suggest that the variation of the frequency of
the light depending on along which arm of the in-
terferometer the light spreads, is owed to the motion
of virtual particles of the RS processes of the quan-
tum vacuum, associated with the fluctuations of the
quantum vacuum energy density, namely by the dif-
ferent values of the velocity of the quantum vacuum
depending on along which arm of the interferometer
the light spreads, as established by Eq. (64).

Let us examine now the main results regarding the
treatment of the gravitational interaction. In this re-
gard, in Quantum Relativity, the curvature of space-
time in General Relativity is only the mathematical
description of the energy density of quantum vac-
uum in a given region of space. This is valid from
the micro- to macroscale. The changes and fluctua-
tions of the quantum vacuum energy density gener-
ate a curvature of space-time similar to the curvature
produced by a “dark energy” density [5, 20], through
a quantized metric, characterizing the underlying mi-
croscopic geometry of the 3D quantum vacuum, ex-
pressed by the relation

d§® = g, datda”, (66)

ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 7



Quantum Relativity: Variable Energy Density of Quantum Vacuum

where the (quantum operators) coefficients of the
metric are defined (in polar coordinates) as

Goo = —1+hoo, g11 =1+ hi1, g1 =1+ hay,

~ 2 2 7 ~ 7 (67)
Gaz = r°sin® V(1 + hss), Juv = hyuw for p#v

and

() =0

except

A 87G (Apgr . 35GE (V. puV)
<h00> E ( Z ' oamv ?quvE %
and

. 87G [ Apyr = 35G (V DEG 9
<h11> BE <_ 22t oy (&Ap k) |

(68)

In this picture, the dark energy represents itself the
structured energy of space on the basis of the equation

14 DE ¥
(C2 quVE) )

and the variable energy density of space (producing
the dark energy) acts as a two-point correlation func-
tion according to the relation

|4
2

where C'(s) is the two-point correlation function of the
quantum vacuum fluctuations, which depends only
on the distance between the two points. In Quan-
tum Relativity on the basis of Eqs. (66)—(70), the
3D quantum vacuum defined by the quantized metric
(66) determined by the changes and fluctuations of
the energy density of space can be considered as the
ultimate visiting card of general relativity, namely as
the fundamental origin of the curvature of space-time
characteristic of general relativity.

Finally, the equivalence principle does not need
here to be independently postulated but can be seen
as a consequence of the RS processes and, thus, the
elementary fluctuations of the energy density of the
3D quantum vacuum. The inertial mass of an object
emerges from the interacting fraction of an energy

 35Gc?

T orhAV (69)

PDE

A

4mht (70)

6 oo
Apﬁ,%) E/C(s) sds,
0
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density characterizing the electromagnetic properties
of the 3D quantum vacuum defined by the spectral
energy density for the zero-point fluctuations

4 (Apgr)® V3
R2m2n3e3

They are determined by the frequencies associated to
opportune RS processes of creation/annihilation cor-
responding to elementary fluctuations of the energy
density of space, according to the equation

mi={4 v /n(p)(ppE—p)3dp7

h2m2n3cd

where ¢ is the speed of light, 1 (w) is the spectral
factor, interacting with the body, which physically
measures the relative strength of the interaction be-
tween the oscillations produced by the motions of vir-
tual particles of the RS processes and the massive
object, whose interaction acts to oppose the accel-
eration [2]. Therefore, the quantum vacuum inertia
hypothesis suggested by Rueda and Haisch in [7, 34—
36] gets here a new significance: the drag force, which
acts as the inertia reaction force of an object that is
being forced to accelerate, can be derived from the
oscillations associated with the radiation produced
by the motions of virtual particles of the RS pro-
cesses. Namely, it is related to elementary fluctua-
tions of the energy density of the same 3D quantum
vacuum. These fundamental quantum vacuum energy
density fluctuations lead to the following associated
non-relativistic form of the inertia reaction force:

(73)

p(Apgyve) = (71)

(72)

Zp .
f* = —M; 8w,

where g, is the acceleration, with which the fre-
quency w appears in a local inertial frame I, and
the coefficient m; is given by (72). Here, it should be
emphasized that the coupling function 7(w) of the in-
ertial mass (72) has different shapes for an electron,
a given quark, a composite particle like a proton,
a molecule, a homogeneous dust grain, or a homo-
geneous macroscopic body. However, what appears
as the inertial mass, m;, to the observer in a local
Lorentz frame I, j corresponds to the passive gravi-
tational mass, my. Thus, we have

my = [1 s [ 7€) o - P

h2m2n3cd (74)
[20].
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4. Unifying Perspectives of Quantum
Relativity: From Gravity and the Quantum
as Different Aspects of the Same Coin... to
the Electroweak Scale and the Interpretation
of a Higgs Boson

In addition to the possibility to explain and justify the
quantum behavior of subatomic particles at a more
fundamental level and to provide a completion and
improvement of special relativity and general relativ-
ity regarding various aspects (such as the explanation
of the Sagnac effect, curvature of space, and dark en-
ergy), Quantum Relativity introduces other interest-
ing and relevant unifying perspectives.

Before all, it suggests us to interpret gravity and
quantum behavior as two different aspects of a same
source, of a same coin. In the spirit of the philoso-
phy that is at the basis of F. Shojai’s and A. Shojai’s
model developed in [37, 38|, the quantum behaviors
of matter and gravity in Quantum Relativity consti-
tute two different aspects following from the same
3D timeless non-local quantum vacuum characterized
by RS processes of creation/annihilation correspond-
ing to elementary fluctuations of the quantum vac-
uum energy density. In this regard, by starting from
the Hamilton—Jacobi equation (28) regarding Bohm’s
version of the Klein—-Gordon equation of the generic
component of the probability amplitude of the occur-
rence of a creation event for a quantum particle, one
can show that the generic component of the spinor
associated with the quantum particle under consid-
eration (and thus the quantum potential associated
with it) has an important link with the curvature of
the ordinary space-time we perceive. This means that
the effects of gravity on the geometry and the quan-
tum effects on the geometry of space-time are highly
coupled and that both of them can be derived from
the RS processes of the 3D timeless non-local quan-
tum vacuum.

From Eq. (28), by changing the ordinary differen-
tiating 0, with the covariant derivative V, and by
changing the Lorentz metric with the curved met-
ric g,., one obtains the equations of motion for a
change of the quantum vacuum energy density [which
determines the occurrence of a creation event for a
quantum particle @ of mass (9)] in a curved back-
ground:

guuvuSQ,ivuSQ,i =
638

V? (AIOOWE)2

o (75)

where V, represents the covariant differentiation
with respect to the metric

g,ul/ = g,ull/eXp Q7 (76)
which is a conformal metric, where
V2~ & ) T
h202 2 92 9 Qi
Qq.i = (77)

V2 (Apgy)’ [Vq.il

is the quantum potential of the vacuum.

On the basis of Egs. (75)—(77), one can say that the
quantum potential of the vacuum determined by the
RS processes associated with creation events of quan-
tum particles from the 3D quantum vacuum is equiv-
alent to a curved space-time with its metric given
by (76). The quantum potential of the vacuum cor-
responding to the generic component of the spinor of
a quantum particle is tightly linked with the curva-
ture of the space-time we perceive. In other words,
we can say that the RS processes, through the man-
ifestation of the quantum potential of the vacuum
(77), lead to the generation, at our macroscopic level
of reality, of a curvature of space-time. At the same
time, the space-time metric is linked with the quan-
tum potential of the vacuum, which influences and
determines the behavior of the particles (correspond-
ing to the creation events in the 3D timeless non-
local quantum vacuum). In this way, a fundamental
geometrization of the quantum aspects of matter is
obtained in a picture, where the variable energy den-
sity corresponding to the elementary RS processes
of the 3D timeless non-local quantum vacuum act-
ing as a superfluid medium is the ultimate entity. In
this approach, one can say that the space-time ge-
ometry sometimes looks like what we call gravity and
sometimes looks like what we understand as quantum
behaviors. Both these features of physical geometry
emerge from the RS processes of the 3D timeless non-
local quantum vacuum corresponding to the variable
energy density [21].

It is also of interest to observe that the quantum
potential of the vacuum (77) equipped with the con-
formal metric (76) allows us to throw a new light
onto the interpretation of the cosmological constant,
by taking account for the fruitful considerations made
by Ali and Das in [39]. By assuming that the universe
is filled by a condensate described by a wave function
¥ = Re™/" in the context of the Raychaudhuri equa-
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tion, they found a quantum potential of the form

Q= el 7 ,

(78)

where qup = Gap — UaUb, Uy = %&15. Ali’s and Das’
quantum potential (78) allows one to obtain directly
a cosmological constant that, by assuming a Gaussian
form of the wave function or a scalar field theory, is
expressed by the relation

Ag

me/h)?, (79)

1

7~
where Ly = h/mc may be identified with the current
linear dimension of our observable universe, m can be
interpreted as the small mass of gravitons (or axions),
with gravity (or Coulomb field) ruled by a force law
of the Yukawa type

mimeo

F=-d 2 exp (—r/Lg).

(80)

In fact, by considering the value Ly = 1.4 x 10?2 m
and, thus, m ~ 1075 Kg, one obtains the cosmolog-
ical constant in good agreement with observations:

Ag=10""?m™2 (81)
By making a parallelism with Ali’s and Das’ ap-
proach in our approach of Quantum Relativity, the
information associated with the quantum potential
(77), being linked with the curvature of space-time in
virtue of the conformal metric (76), may be assimi-
lated with the quantum potential (78). Therefore, in
analogy to Ali’s and Das’ approach, by assuming a
Gaussian form of the wave function of creation events
W~ exp (—r?/L}), where Ly = ﬁ, we obtain

2

h22 (V2 - C%%)g [Vq.il B
V2 (Apgve)? [¥q.il
- 1 _ quvEV 2
-5~ ()
Therefore, taking Ly = 1.4 x 10?6 m, the correspond-
ing value of the quantum vacuum energy density fluc-
tuations in the minimum quantized space given by the
Planck volume is

1.4 x 10%hc
13
P

(82)

Apge = =1.048327x10'% J/m®. (83)
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This value is the change of the quantum vacuum en-
ergy density, which corresponds to the cosmological
constant in good agreement with observations [com-
patibly with (81)]. The difference of the approach of
Quantum Relativity lies in the fact that, here, gravi-
tons (or axions) do not exist as a primary physical
reality, but may be seen as a result of the interplay
of opportune quantum vacuum energy density fluc-
tuations of the more fundamental variable quantum
vacuum energy density.

Furthermore, Quantum Relativity yields the inter-
esting perspective to face the problems of the current
Standard Model, by suggesting to consider a general
scalar potential in the picture of a 3D timeless quan-
tum vacuum characterized by the elementary pro-
cesses of creation/annihilation of quanta [40]. In this
approach, the most general scalar potential invariant
under the Standard Model gauge group has the form

V =X\C*+ /\Is‘} + )\R[S%S% + )\Rs%{ +

—|—>\10023% +/\RcCQSQR, (84)

where

c=(he)

is the wave function with two components describ-
ing the probability of the occurrence of a cre-
ation/destruction event for a quantum particle @ of a
given mass (9) (determined by an opportune change
Apqve of the quantum vacuum energy density) in a
point event x, sp and s; are the real and imaginary
parts of a singlet field S, which is a function of the
changes and fluctuations of the quantum vacuum en-
ergy density, A¢ is the coupling associated with the
wave function C'; Ag is the coupling associated with
the real part sp of the singlet field S, and Aj is the
coupling associated with the imaginary part s; of the
singlet field S. We have

AR = As + Ng + g, (85)
Ar = As + Ng — \g, (86)
Arr = 2(As — 3X5), (87)
Arc = Asc + Nso, (88)
Are = Asc — Nsor- (89)

The one-loop renormalization group equations of the
scalar couplings in terms of the top Yukawa coupling
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y and the Standard Model gauge couplings g and ¢’
are

167% B, = % (39" +2¢°9" + ¢"*) + ()\ ho +Ale) +

+24)% — 3¢ (3¢° + ¢ — 4y7) — 6y}, (90)
16728y, = 180% + 205 + hg,, (91)
16728y, = 1807 + 203, + )\R,, (92)

167282, = 4A10ARC + 6ARr (A1 + AR) +4)\%;, (93)

3
16W2ﬂARc = _iARC (9,2 + 392 - 4yt2) + )\]C)\R[ +

+6Are (2Ac + AR) + 404, (94)

3
1671’25)\10 = —5)\10 (9’2 + 392 — 4y,52) + ARcARI +

+ 610 (2Ac + A1) +4\3 .. (95)
By approximating Ar as
M = By n 2L (96)

S0

where 35, is the always positive beta function of Ag,
and sg is the scale, on which Arp becomes negative,
the square quantum vacuum energy density matrix
for CP-even fields in the basis (C, sg) is given by

202 \¢ —V/20? Ac [Arc| (97)
97
2B8x . Acv? |’
—V20*\/AcPrel  Arelv? + Zhpiet
where
So P‘RC'
v= el/4 22¢c )

In the case of small Ag¢, the square matrix (97) leads
to the following eigenvalues for the energy density of
the quantum vacuum:

2 2 /\%C
pn = 2 ¢ — ) (99)
Brn
Ry
P = 2(25“ ¢4 2c +)\Rc> (100)
|Arc| 5AR

while the CP-odd quantum vacuum energy density is

AcA A
e et ey
[Arc| 2

640

(101)

Equations (99)—(100) are valid only if RC < 1. If
this is not true, the eingenvalues of the den51ty matrix
(97) for the energy density of the quantum vacuum
are:

P, =0 (2Ac + [Are| + Bag); (102)
A

p2 20’ (2 Prade | mﬁ) (103)
[Arc|

which imply that the real singlet sg can be derived
from a quantum vacuum energy density, which is as-
sociated to a mass lighter than the Higgs boson. On
the basis of Eqgs. (99)—(103), the singlet sg decays to
Standard Model particles via more fundamental val-
ues of the quantum vacuum energy density. The pro-
posed approach based on Egs. (99)—(103) implies in
this way that the mixing action of the Higgs boson in
the production of the mass of Standard Model parti-
cles cannot be considered as a fundamental physical
reality, but follows from more fundamental entities
represented by opportune physical values of the quan-
tum vacuum energy density, given just by Egs. (99)—
(103). One can say that, in this picture, at a fun-
damental level, the Higgs boson does not exist as
a physical reality: the action of the Higgs boson is
only an emerging reality, it is the interplay of op-
portune fluctuations of the quantum vacuum energy
density, which determines, indeed, the action of the
Higgs boson.

Another relevant perspective of this approach lies
in the possibility to remove the global minimum of
the Standard Model Higgs potential
V (k) = —p*h* + A (h) B (104)
(—u? being the Higgs mass parameter, h the Higgs
field strength, Ay the Higgs quartic coupling) in the
vicinity of the scale ~10%% GeV (where Ay runs neg-
ative values). In this regard, in analogy to the ap-
proach developed by Gabrielli et al. in [41], one can
show that the various couplings of the scalar sector
have a crucial role in removing the global minimum of
the Standard Model Higgs potential (104) and gener-
ating the electroweak symmetry breaking minimum.

By following the philosophy that is at the basis of
Gabrielli’s program, let us start in Quantum Relativ-
ity based on the 3D timeless quantum vacuum, by
looking at the running of A\p. We set Ar to a small
negative value on the electroweak scale. Since the
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beta-function (91) is always positive, Ar will grow,
when running toward higher energies and will cross
zero on some scale sy above the electroweak scale.
This scale is provided by the initial value of A on
the electroweak scale and by the slope of the run-
ning set by the beta-function. Since Ag itself has to
be small near the scale sg, and since Agr¢ is required
to be small in order to keep the mixing between sg
and the regime of small wave function C, the beta-
function (91) is dominated by Ar; on low scales. In
order to avoid a huge hierarchy between sy and the
electroweak scale, the running of Ag has to be suf-
ficiently rapid, implying that Ar; cannot be very
small.

To remove the global minimum characterizing the
Standard Model Higgs potential a positive term has
to be added to the beta-function of A\¢. On the basis
of Eq. (90), this can be achieved by the termA% +
—1—)\%0. Since Arc is small to avoid a large mixing,
namely this term is dominated by A;¢, and the global
minimum must be removed by setting a sizable initial
value for A\;c on the electroweak scale.

We want to avoid generating a vacuum expectation
value for the imaginary part sy, which means that
Ar must be positive. Hence, we set a small positive
initial value for A\; on the electroweak scale. Beta-
function (92) of A; contains a positive contribution
from both A;¢ and Agry, which we know from above
to have sizable values. Therefore, the running of A\r
will be quite rapid, and it will eventually run into
a Landau pole. Let us choose the initial values for
the parameters on the top mass scale as Ag; = 0.3,
Ar = —1.2x 1073, A\;j¢ = 0.35, \; = 0.01, Apc =
= —107%, A\¢ = 0.12879, and m; = 173.1 GeV and
let us take the beta functions of the first order in the
scalar couplings and the second order in gauge cou-
plings. In this picture, the couplings of this approach
yield a Higgs self-coupling Ay, which remains posi-
tive. Therefore, the Standard Model global minimum
at 1026 GeV is removed, while Az becomes negative
around sg =~ 10* GeV.

On the basis of Egs. (99)-(103), the electroweak
symmetry breaking is indeed determined by the real
component of the singlet field S (while the imagi-
nary component remains stable because of the CP-
invariance of the general scalar potential (84)). The
wave function of the quantum vacuum associated to
the occurrence of creation/destruction events, which
trigger the electroweak symmetry breaking, can be
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expressed in the following form:

c=en {500} 75 (At on )

Now, in analogy to the Standard Model, by defining
the covariant derivative as

(105)

DHC = [8“ +igW* + ig'y¢B“] C, (106)
where
W, = %WZW Wi, =8, Wi — 0, — g Wiwk,

(107)

W, being the massless isovector triplet (for SU(2)y,),
g being the coupling of the isospin current J, of
the fermions to W, B, being the mass isosinglet
(for U(1)y), ¢’ being the coupling of the hypercharge
current of the same fermions to B,,, as in the orig-
inal Weinberg-Glashow—Salam model [42-44]. If one
takes the physical unitary gauge 6; (z) = 0 with re-
gards for the electroweak symmetry breaking, one ob-
tains

i 1
(prc)* pro L% 5Ousnd"sn +

e
———7,7Z"5 (108
8cos? Oy } (108)

2
+(Ag +sr)° {iW;W” +
The kinetic piece of the Lagrangian in the electroweak
symmetry breaking regime (108) leads the vacuum
expectation value of the neutral scalar to generate a
quadratic term for the gauge bosons W+ and the Z
and thus leads those gauge bosons to acquire masses
on the basis of the relation

(0]

Mg cosby = My = ————
2 sin Oy

1
GeV = 5/\Rg, (109)
Oy being the weak mixing angle. Therefore, one finds
that, in the electroweak symmetry breaking regime,
the coupling A\ associated with the real part of the
singlet field S has the following expression:

T

= i (110)

The general scalar gauged potential (84) suggests a
new interesting manner to give masses to fermions,
as well as to the intermediate carriers of the weak
force. On the basis of the consideration of the kinetic
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piece (108) in Quantum Relativity, one can define a
new effective Lagrangian, which can be defined as a
“beyond Standard Model Lagrangian.” On the one
hand, it is invariant under gauge transformations,
which guarantees the renormalizability of the associ-
ated quantum field theory (as it occurs in the original
Weinberg—Glashow—Salam theory [45]). On the other
hand, it allows the electroweak symmetry breaking to
occur dynamically via a dimensional transmutation
determined by the singlet couplings associated with
the singlet field S, which is a function of the changes
and fluctuations of the energy density of the timeless
3D quantum vacuum, thus removing the global min-
imum of the Standard Model Higgs potential. This
“beyond Standard Model Lagrangian” is defined as

1 1

beyondSM a apy v

Lcﬁz’ctivc = _ZW,U,VW - ZB/JVBM -

_ gC*ﬂ”W#Cl — gSiH awA# Z C‘j’Y“QjCj —
J

1
g JZZ#+§6MSR8#SR+

"~ 2cosfy M
o [ g9
A ZWwitwr 4 27 Zry
+(Ar + sgr) {4 p +8CO329W u }

— t()\cc4 + )\]SZIl + )\R[‘S%S%{ + )\RSZIL_E +

—|—)\10028§ +/\R002$2R), (111)
where (' is the wave function of the quantum vacuum
determining the appearance of a left-handed electron

Vi) . In the
L

e
light of the effective Lagrangian, which determines
the electroweak Symmetry Breaking dynamically via
a dimensional transmutation by means of the cou-
plings associated with the singlet field S of the time-
less 3D quantum vacuum, the Vacuum Expectation
Value of the scalar sector then induces the Standard
Model Higgs Vacuum Expectation Value through a
portal coupling [40].

At the end of this section, it is of interest to
make some considerations about how our model is
presented in a general picture with respect to the
Standard Model and what progress it allows us to
reach. The Standard Model Lagrangian contains only
four parameters, g, ¢/, u2, and h, but it implies the
necessity to introduce the Higgs field in an ad hoc
form, which yields a global minimum at 21026 GeV,
thus determining significant problems in this energy
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and a neutrino in the state i = (

range, in the light of Gabrielli’s results [41]. Instead,
in this model, in the gauge and scalar sectors, the be-
yond Standard Model Lagrangian allows us to face,
in a significant coherent way, different problems en-
countered by the Standard Model (in connection to
the electroweak symmetry breaking and the possibil-
ity to remove the global minimum at ~10%¢) GeV in
the picture of the same 3D timeless quantum vacuum
characterized by fluctuations of its energy density
corresponding to the elementary processes of annihi-
lation/creation of quanta. However, these significant
results are obtained at the price of the introduction of
several physically important parameters, namely the
couplings associated with the wave function of the
quantum vacuum (but it is worth to mention that,
among these, as regards the generation of masses as-
sociated with the spontaneous symmetry breaking,
the most fundamental parameter is indeed the cou-
pling associated with the real component of the sin-
glet field .5).

5. Conclusions

The variable energy density corresponding to the el-
ementary RS processes of creation/annihilation of
quanta of the 3D timeless non-local quantum vac-
uum acting as a superfluid medium is the fundamen-
tal background, which determines the Sagnac effect,
gravity, dark energy, and quantum behavior of sub-
atomic particles. Interesting perspectives of the unifi-
cation of gravity and quantum in a sole picture, where
a non-local quantum potential of the vacuum is the
ultimate entity, and a completion of the Standard
Model, where the action of the Higgs boson emerges
as the interplay of opportune fluctuations of the quan-
tum vacuum energy density, are opened.
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KBAHTOBA TEOPIA BIJHOCHOCTI: SMIHHA
HIIJIBHICTH EHEPTII KBAHTOBOT'O BAKYYMY
AK IIPUYNHA MACH, TPABITAIIIT

TA KBAHTOBOI ITOBEATHKN

Peszowme

V¥ kBanTosiit Teopil BigaocHocti (KTB) wac i npocrip po3zine-
mi. Yac gae guciioBe BUpayKeHHsI 3MiH mMaTepil, a mpocTip — 1e
cepeJIoBUIlE, B AKOMY Iii 3MiHU BigbyBatoThcs. IIpocrtip cTrBO-
PIOETBHCSA 3 TPUBUMIPDHOTO KBAHTOBOTO BAKyyMy, KWl BU3HA-
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qaeThes QIIYKTYaAIIIMHU IIJILHOCT] eHepril, 1o Bianosigae ese-
MEHTAapHUM IPOIECaM HAaPOJKEHHSs /3HUIIEHHS] eJIEMEHTAPHUX
KkBaHTIB y peaykosanomy crani (PC nponecam). KTB mae enu-
HUHN X1 10 creniajibHOl Teopil BiZTHOCHOCTI, 3araJibHOI Teopil
BijIHOCHOCTI 1 KBaHTOBOI MexaHiku. Koxxen dizuunnii 06’eKT Bij
MiKpO- 10 MakpoMacuiraby Moxke OyTH OTpUMaHUi IpU Bifio-
BiJTHOMY 3MeHIIEHHI IIIJIBHOCT]I eHeprili KBAHTOBOI'O BaKyyMYy.
3okpema, 3MinHa mineHiCTL eneprii mpocropy B KTB Binmo-
BiJla€ KPUBHM3HI IIPOCTOPY B 3araJjibHiil Teopil BigHocHocTti. B
KTB noseninka koxkHOI CyOaTOMHOR YaCTKU BHUILIHBAE 3 Bif-
nosiguux PC mporecis, 1110 3aj1eKaTh BiJl KBAHTOBOTO IIOTEHIIi-
ajsty Bakyymy. lIpoanasizoBaHo mepcreKTuBM J1aHOl MOJETL It
rpaBitailil i KBaHTIB sIK JIBOX CTOPiH O/Hi€l MOHETH i €JIEKTPO-
cJ1abKOl B3aEMOJIIl.

ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 7



