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Abstract: The physical understanding of the real mechanisgrafity is one of the most important question®hysics.
As we have already shown in a previous paper, ¢se and relativistic mass of an elementary particléoody can be
considered as having their origin in the diministegbrgy density of a Quantum Vacuum, characterize@d granular
structure quantized through a Planck metric. Thes@mce of massive bodies, from the scale of elemeptrticles to that
of stellar objects and black holes, then determi@Qeantum Vacuum energy density gradients. In tligep we have
proposed a novel physical model in which gravitgémerated by the pressure of Quantum Vacuum idliteetion of its
own higher to lower density due to the presencenaterial objects or particles. In this picture giyis an immediate and
not — propagating action — at — a — distance iot@na, resulting from the Quantum Vacuum dynamiogurn related to
fundamental properties of space itself only, najueng the existence of the hypothetical gravitGurthermore, the
possibility to consider this Quantum Vacuum as @&eBe Einstein like condensate allows us to rectiverlarge — scale
description of the Universe consistent with Gen&wlhativity, viewed as the long — wavelength gesmethydrodynamic
limit of the Quantum Vacuum dynamics. The proposeuel is also able to give a very simple explamatd: the
equivalence between inertial and gravitational mémsorigin and dynamical behavior of dark matted dark energy, the
physical meaning of singularity in black hole, asllivas to overcome some of the main difficultiestttd Higgs model.
Finally this model of gravity can be used as atistgrpoint for a novel interpretation of the redgmublished data of
BICEP2 radio telescope about the presumed indifestrvation of gravitational waves.

Keywords: Gravity, Quantum Vacuum, Energy Density, GravitGravitational Waves, Bose — Einstein Condensate,
Dark Energy, Dark Matter

1. Introducti mechanism starting the motion. In fact, even suimgothe
- Introaucton existence, in the neighbouring of a source masa,aifrved

The real origin of gravity is one of the most imiot, four — dimgnsional manifold it doesn't explain wiay
complex and substantially yet unsolved questions isecond particle at rest should move towards thecsou
Physics. Newton itself, who firstly gave a matheostaw Mass. We cannot say it goes down toward source, mass
of gravity, was fully aware of the need for a plogsi S|mply. because_ there is no .“dqwn” without already
understanding of the mechanism of gravity. ThéSSuming the existence of gravity itself. Consetyem
replacement of the Newtonian model of gravity witfe splte_of its mathemaycal success this model doggne a
Einstein's one given by General Relativity (RG) gy Physical causal origin of gravity. On the other thathe
shifted the question without solving it. Within GBravity ~aPProach based on GR field equations, althoughigitiys
has two possible interpretations: a field one and FOre robust presents even more critical problefpsip
geometric one. According to the latter, that hasobee the fact these fields should represent a kind of erditje to
prevalent one, gravity is due to the curvaturehefspace — Propagate” the action from the source to targessnat
time “tissue”, represented as a “rubber sheet”, tu¢he faster than light velocity [2,3], so .contradlctmge of .the_
presence of a mass. Nevertheless, this is a purdigndamental postulates of Special Theory of Relgtiv

mathematical description telling nothing about phgsical (STR) on which it is based and, in particular, asimonly



American Journal of Modern Physics 2014; 3(3):-128

assumed, the causal principle as well.

Nevertheless, several recent researches have §Bodyn
that, despite its mathematical correctness andeawgst
with most experimental results, the STR, in itsgial
formulation, yet could be a not completely corngleysical
description of reality. In fact it has been showmatt
different and perfectly valid alternatives to “siand” STR,
based only on the universal principle of homogsgneit
space and time, can be achieved without considetiag
postulate of the invariance of the speed of lighgll the
inertial frames [4]. In some of these alternativés,
particular, the propagation of superluminal sign8isS
doesn't violate the causal principle as it occurem using
the Inertial Transformation of space and time [4,5]
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mechanism, that should explain the origin of massttie
4% of “visible” matter of the Universe, is characted by
many other theoretical difficulties and cannot basidered
as exhaustive.

The missing inside of physics of 2@entury is that an
area of universal space which theoretically is vofdall
fields, elementary particles and massive objedilsesists
on its own and so must have some concrete phyaiigah.
The so-called “empty space” is a type of energyt fha
“full” of itself, having here its own independenhysical
existence. We do not “resurrect” the idea of etheleast in
its original formulation, here, we just point outat the
concept of “empty space” deprived of physical prtps is
a most flawed and a-priory accepted concept irpthesics

This means it is possible to adopt a field basedf 203" century.

theoretical approach like that of GR, able to repi its

experimental evidences, without incurring causaklgax

and supported by a clear physical mechanism otigima
gravity. This is possible only through a new foratidn of

the concept of physical space and its properties.

In this paper we'll show, starting from a novel mbdf a
Quantum Vacuum, that not only inertial mass bwpal
gravitational mass can be assumed as arising fioem t
variation of Quantum Vacuum energy density. Thigrsp
the door to a new idea of gravity as dynamicaligioated

The idea of 18 century physics that space is filled with Py the Quantum Vacuum energy density gradients

“ether” did not get experimental prove in orderd¢main a
valid concept of today physics in its original faration.
On the other hand, the conception of'2@ntury physics
that universal space is “empty”, deprived spaceitsf
physical value, is contradictory because in physies
consider matter and energy as real entities aisdoibvious
that they must exist in “something” having some aete
physical features.

The flawed idea that material objects could existome

APy, (F) due to the presence, in the 3D physical space, of

massive bodies and patrticles.

The proposed model of gravity, as we’ll see, ddesn’
require the existence of the hypothetical gravitsa, far
never observed, being considered as an immediatenain
— propagating action — at — a — distance interactio
resulting from the Quantum Vacuum dynamics, in turn
related to fundamental properties of space itsdlf.o

This picture also allows us to give a simple exatam

empty space has generated some unsolvable problegisthe Equivalence Principle (EP) and of the origind
about the physical origin and the meaning of mas$ a behavior of Dark Matter (DM) and Dark Energy (DE}

gravity. On the other hand, ®@entury theoretical physics

overcoming the main difficulties of the Higgs modtelhis

brought the idea of a Quantum Vacuum as a fundaheniense. Finally, the description of the Quantum \Matu

medium subtending the observable forms of mattesrgy
and space.

According to the Standard Model (SM), the totalwan
energy density has at least the following thredrimutions:
the fluctuations characterizing the zero-point djethe
fluctuations characterizing the quantum chromo-dyica
level of sub-nuclear physics and the fluctuatiomkdd
with the Higgs field. Moreover, one can speculatd there
are also contributions from possible existing searc
outside the SM (for instance, grand unificationotiies,
string theories, etc.). Nevertheless the SM is ffam
representing a complete and definitive picture loysgical
reality, being
deficiencies. In particular it is simply not abke describe
the fundamental force of gravity, the presencecofraich
matter in comparison to anti — matter.

it affected by worrying defects and

physical states in terms of energy density is ctest with

the description of the Quantum Vacuum as a Bose —
Einstein like condensate, whose long — wavelength
geometro — hydrodynamic limit also gives the largscale
description of the Universe consistent with thedptons

of GR.

2. Inertial Mass, Gravitational Mass and
Gravity Originate from the
Diminished Energy Density of
Quantum Vacuum
The existence of a fundamental medium, able to

reproduce the dynamical features of a concreteeunséal
space and, in reality, constituting the deepestress of

Another fundamental fault of SM s its inability to yniversal space itself, is furthermore an ontolagic

explain the origin of about the 96 % of the maitethe
Universe, probably composed of non — baryonic medied
generally classified as the sum of Dark Matter (Dauhd

necessity in order to obtain GR as the mathematical
description, in the low energy - long wavelengthitj of
the space elementary structure and to create tiigebr

Dark Energy (DE) that today we know drive the ollera between Quantum Mechanics (QM) and General Retitivi

evolution of the Universe at large scales.
Within the SM, as we’ll see in the following, thagds

(GR). This could finally lead to the proper theoo§
quantum gravity, in which the quantization will bede on
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the field function CD(x) describing Quantum Vacuum and energy de_nsity. _
not on collective macroscopic variables construftenh it, According to the assumed Planck metri, the Quantum

as substantially occurs in all the proposed andneonfy ~ Yacuum energy density, in the absence of matter and
accepted alternative theories of quantum gravity. radiating electromagnetic fields, can be written as

As far as the role of the different contributiorts the
vacuum energy density, Timashev already examined th

possibility of considering the physical vacuum asniied where m, is the Planck mass antj the Planck length.

system governing the processes taking place in ) i
microphysics and macrophysics [6]. Starting frome th 1he value of p,, can be considered as the maximum

above fundamental considerations, we have alreagyossible value of Quantum Vacuum energy density,
proposed [7] a novel model of Quantum Vacuum cdingis representing the volumetric energy density averamgeadll

of a granular structure of the universal spaceilairto that ~ the frequency possible modes within the visible ©if the
assumed, for example, in many version of loop quant UnNIVErse.

gravity, but conceptually very different and based the According to the above results, we can then consfu

conception of a physical 3D space composed by etierg €very particle is made out of electromagnetic enesg
packages having the size of Planck volume: Quantum Vacuum and so it consists of diminishingregn
density of an ideal Quantum Vacuum. For massless

V, =13 (1) particles, the diminishing of energy density copeding
to the “creation” of a particle of energf =#w is given
where I, is the Planck length, representing its mosPY

elementary structures, defined in terms of fundaaien
physical constants only. This Quantum Vacuum also
identifies a preferred inertial frame, quantitativeefined . . .
by space and time Inertial Transformations (IT) fgkpect WNere P'ove is the Quantum Vacuum energy density
to which mass can be considered as a convenieimitiaf  after the “expulsion” of the massless particle. &onassive

of energy itself, in turn related to homogeneity,space particle of rest massn we have instead

and time, of the 3D physical space, then beingniass

ultimately a manifestation of the energy of Quantum pIQV,m:pQV_mz/V (6)
Vacuum. More precisely [7], rest mass and relaitvis

energy of a free particle or body can be considexsd where V is the proper volume of the body and the energy
arising from the diminishing of this Quantum Vacuumdensity variation is considered to be concentrafedpur
energy density. Furthermore, in this model [4],&iexists purpose in this paper, in the center of mass ofbod

only as a mathematical parameter quantifying theatehn According to Eq. 5 and Eq. 6 particles are madeodut
of changes occurring in physical states of a systew the Quantum Vacuum energy “stuff’, substantially made o
crucial role is played by 3D physical space chammtd by electromagnetic field modes.

Quantum Vacuum energy density originating inertialss. From Eq. 6 it immediately follows that mass can be

The presence of a given material object in a gave of  expressed as a result of the variation of energgitieof an
Quantum Vacuum diminishes its energy density insidé  “electromagnetic” Quantum Vacuum

around a material object or particle [7].
In a fixed volume of physical space, a given isolat m= (p'QV —,OQ\,,m)V/c2 @)
system has a total energy we can express as

Eqv +Eu +Ey =D )

m=AE,, /c? 8)
where E,, is the Quantum Vacuum energg,, is the

electromagnetic energy in the form of radiatiof, isthe having defined AE,, =o'y, ~ 0y, , and that energy of
relativistic energy in the form of matter an® is a which particles are made up comes from Quantum Macu
constant. According to the above model, the Quantum Vacuum
This can be rewritten in a more general formenergy density inside and around a mass distribuigo
independent on the volume, in terms of densityp alsmodified by the presence of the masses themselnes.

Pou =MpC? /13 @)

pIQV,E :(mPcz_hw)/ls (5)

or equivalently

assuming that energy tends to a uniform distrilutio particular, in the simplest case of two massiveidmar
particles, if we schematically represent the distied
Pov t Pt Py =d (3) energy density zone associated of a given masshg@s

) _ white region including the mass in Fig. 1) we gasée that
where p,, is the Quantum Vacuum energy densify,,  the Quantum Vacuum area between the masses is
the electromagnetic energy density,, is the relativistic characterized by a lower energy density, this dgoliis
energy density in the volum® and d is a constant MOre evident if the masses are sufficiently clasesach
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other such as the two zones of lower density operla
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formulations of gravity like, for example, the gitational

This mechanism determines a portion of space, legtweanalogue of Weber’s law [8]

the bodies or particles, characterized by a lowssrgy
density and explains the dependence of gravitywgtheon
the distance between the masses. From a dynanoaal p
of view, the area of higher energy density of o@eantum

F=Gmm,/r},x
><{1—(J/h2)(o|r/o|r)2 +(2/n?)(d 2r/dt2)}

11)

Vacuum is pushing towards the area of lower energy ] )
density due to the presence of massive bodies Yhere h=+/2c or the generalized Newtonian force law

elementary particles.

This “pressure” is the physical origin of gravitys a
represented in Fig. 1. This theoretical model alsoply
explains the equivalence between inertial and tgagnal
mass, both being originated by the same Quanturawac
energy density diminishing for a given massive baay
particle (see Fig. 1).

Figure 1. Presence of a given material object diminishes energy density of
Quantum Vacuum and this generates inertial mass and gravitational mass.

Introducing the concept of energy density of Quentu
Vacuum, the gravitational field existing at themtaituated

proposed within the “Pressure - Induced Gravitdti{®iG)
theories [9]:

a(r) =G(r)(]/r2)m(r)e"'(’)r

where a is the acceleration and the radial distance
from m. Another very interesting feature emerging from

our model is that the sign of functio@(r}z) can be

(12)

positive or negative, depending on the relativedrtgnce
of the different terms in Eq. 3 and, in particulan the
presence, in a given portion of space, of energyces
able to modify the Quantum Vacuum energy density.

This will allow us, as shown in section 5, to explam a
simple way the origin and the main properties of &l
DM.

The previous formulation of gravity can also expléie
physical meaning of the singularities associated the
current astrophysical approach, to black holes. falt,
inside the Schwarzschild radius (SR)

r, = 2Gmy/c? (13)

at distance from the center of a given material object of

mass, given by Eqg. 8, assumes the form

G=G(V/r?)[Apgy n(F)/c*]F (9)

G being the gravitational constant amd the mass of
a stellar object, we assume the energy densityusin@m
Vacuum to be at its minimum constant value. Conmgni
Eq. 6 and Eq. 13 we get the following expressiantfi@

Where 7 is the unitary vector indicating direction andenergy density of Quantum Vacuum inside SR

orientation of 1 .
gravitational field is a property of space thatedity
derives from the change of the energy density cdir@um
Vacuum in the volume under consideration, and ghatity
increases with the diminishing of the energy dgnsit
Quantum Vacuum.

The force of gravity between two masses and m,

can be then written as

IEl,Z =G (V1V2/C4) O(rl,z) f\1,: (10)

Equation 9 clearly shows that the

Dy, = ¢°/8nGm? (14)
representing the minimum value of Quantum Vacuum
energy density variation required for elementarytiples
stability. In our model, elementary particle canesist in
an “empty space” deprived of physical properties;toe
contrary, stability of elementary particles regsira
minimum energy density of space, originating from
Quantum Vacuum.

Inside SR areas elementary particles then revert to
electromagnetic energy and further back to the gsnef

where V, and V, are the physical volumes respectivel
! 2 Phy P yQuantum Vacuum.

associated tom and m, while @(ﬁ,z) is a function of This model resolves the paradox of singularities

the vector distance between the mass center ofepodiassociated to black holes. From a physical pointief,
describing the Quantum Vacuum energy density variat black hole singularity just means that under thespure,
in the space between the masses. From Eq. 10 it density and temperature inside the SR matter dags n
remarkable that the specific dependence of thetifumc “vanish” from the physical universe but reverts ttoee
o(r,) on 1, is not a priori determined, meaning that€Nergy of Quantum Vacuum. On the other side, irerout
th ' S inciol ol it i formé intergalactic space where energy of Quantum Vacisim
ere are in prlnC|pe. possi e_ alterna |ve2 OfMS 04t maximum, the opposite process occurs, namelyggne
Newton’s law characterized by different that® (even

) . X of Quantum Vacuum can turn into electromagnetic
time dependent) behavior as supposed in some
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radiation (so called “cosmic rays”) that, in turoan field whose shape, instead of being just parabdikéal is
transform itself into elementary particles whichcharacterized by a little bump in the middle, fargithe
constitutes matter [10]. This process of energyield to “roll around” in a circular valley and, kstantially,
transformation “Quantum Vacuum - electromagnetiés part of a more general concept called symmetry
energy — matter — electromagnetic energy — Quantubreaking whose appearance cannot be justifiedtirsgar
Vacuum” determines a permanent dynamic equilibriom from fundamental physical principles only.
the Universe. Apart from the yet unsolved doubts about the actual

This picture agrees with the so — called “equilibni recent detection of Higgs boson at CERN, therenaaay
cosmology” (EC) which is based on two reliabletheoretical difficulties that makes Higgs mechanism
assumptions and observations: the consideratiothef incomplete in order to fully explain the origin afass.
blackbody spectrum of cosmic background radiatiomhe first important question regards the origin of
(CBR) and the cosmological data about the so-callegravitational mass and its equivalence to inertrass
“anomalous” redshift. absolutely not considered in the SM that, as webvn,

The first one is, in fact, substantially an equiliim is not be able to explain gravity; another question
spectrum characterized by the equality of the CBBgy concerns the question of the so — called “neutrino
density with various local energy densities [9]. eTh oscillations” during which they would acquire a madkat
consideration of the second aspect is much morepleom Higgs mechanism cannot account to, a third intergst
and has very deep consequences on the Univeraspect, not explained by SM, is the “age-old” ard y
evolution at large scales. In fact a lot of emmlic unsolved question why the proton is exactly 1836es
analyses would seem to show [9] that the universdleavier than the electron. Furthermore, from a lgure
redshift could be not a Doppler effect but simgig tesult epistemologically point of view, the Higgs modelnst
of the interaction between light and matter or Quan capable to answer to two critical questions: thstfone
Vacuum energy, whose strength is proportional te this why photon does not interact with Higgs fielthet
square root of the density, suggesting the spaedf ib be second one is what gives mass to the Higgs boseif it
stationary. In this framework, black holes are Yreder” [18]. The SM has serious difficulties in answeritihgse
of higher entropy energy into “fresh” energy of Quam  questions.
Vacuum, which could have no entropy for definition. On the other hand the model proposed in this paper
Observable increasing of entropy of the universthén able to overcome a lot of these difficulties and in
only a part of energy continuous transformationleyc particular the equivalence of inertial and gravdaal

In this view the Universe is a non-created system imass that is now simply explained since both are
which total energy cannot be created or destroyegenerated by the same Quantum Vacuum energy density
according to the first law of thermodynamics (Y. diminishing as above discussed. In the proposedemod
as we have shown [12], also massless particlesaicite
with Quantum Vacuum, diminishing its energy density
accordingly to their energy valud& =%w, so being
valid from Planck scale up, a noticeable more ganer
result than the Higgs mechanism.

quantum
vacuum energy

4. Gravity “Propagation”, the
Graviton and its Epistemological
Correlation with the Physical World

particles

Graviton is a hypothetical particle that shoulchsmit
gravitational force. Within the SM, graviton is a
massless particle characterized by zero electrargeh
spin 2 and stable lifetime.

Let’s consider two material objects A and B pla¢ed
3. The Higgs Boson, the Higgs Field and universal space, and separated by a distathceThe

gravity element G is supposed to transmit gravity
the New Model of Quantum Vacuum between objects A and Esravity element G in order to

In the SM the mass of every elementary particleailsh transmit gravity force between objects A and B needs to
result from the Higgs mechanism whose field is meti be in a simultaneous mutual physical contact with A and
by the Higgs boson, a not stable particle thecaliic B, according to the so called “Gravity theorem”.
characterized by a energy of 125 Ge\dnd a lifetime of ~ Gravity theorem requires alirect epistemological
around 1.56x10°s [11]. The Higgs mechanism is basedcorrelation between hypothetical gravity element G and
on “ad - hoc” hypothesis about vacuum potentialrgpe gravity in physical world. In physical world the lgn

Figure 2. Permanent energy circulation of the Universe.
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medium that is in a simultaneous mutual physicaitact Epistemology of graviton and photon
with material objects is physical space in whichjecks
exist. In our model gravity is carried by varialdaergy
density of Quantum Vacuum from which universal spac
arises. Our theoretical model of gravity is in dire i

epistemological correlation with actual gravityghysical . -
world.

An hypothetical graviton moving from A to B doestno
satisfy “Gravity theorem”. A theoretical model, ldson
the idea that a given particle could transmit gsavi
between objects A and B by moving in empty spacéhen
distanced between them (called “spooky action at a
distance”), has ndirect epistemological correlation with Figure 3. Epistemology of graviton and photon.
physical world and could not to be taken in a sggio
consideration.

Gravity is a physical phenomenon that has no dumati
(time) and requires thgravity element G to be in a
simultaneous mutual contact with the object A ahpbot
B.

universal space originated from quantum vacuum

The second epistemological problem about the gravit
is where it takes place in the material bodies atiges.
We well know how photon is emitted and absorbed by
matter but it is not the same about graviton (sige B).
Emission and absorption of graviton from matter stit

In comparison with gravity, electromagnetism is ano'[ clear from theoretical point of view [13, 14h our

propagating force and is not immediate (being EnOQeI hyp_othet|cal__ %rgV|ton has no hecessary
characterized by a duration). Gravity and epistemological stability” in order to be considdr as

electromagnetism are both transmitted from objedb A hngt?etu;al p?:'?_le tlhat ca}trr[[e_zs g:awty forcgs/'\l'/satnr:r IS
object B or vice versa, via medium of Quantum Vaouu vall ord ¥p°b etica _grallw a |;)na _ wavels (GW) © d
The difference is that photon does not require"PPOS€Y 0 bE as ripples ot universal space cabge

simultaneous mutual physical contact with objecaril groups of gravitons. . . .
object B as instead required by graviton as welktes They are pure theoretical models which have still n

Quantum Vacuum as a hypothetigabvity element G. confirmed physical exis_tence [15, 16, 17], evere_rafhe
In the proposed model, gravity &snon- propagating recent supposed detection of GW from early Univdrge

force carried by the variable energy density of Quantun11he BICEPZ_ radio t_elescope at Sou_th Pole [18] Mast not
Vacuum and does not require the existence of mediat¥'Ve" any direct evidence of the existence of Gid then

particles, because it originates from the dynamicgfgrav'ton'

between a given particle or massive body and the Itn fﬁft' the llar_lterpretatlo[l Otf_ tlrllese” da_ta IS Comm?d
physical space in which it exists (since spacdfiisein not still unambiguous, potentially allowing, acciyl to

turn, a manifestation of Quantum Vacuum). In thiur model, also different interpretation of the pbwenon
picture, the Higgs field as well as the gravitatibfield afs gl\l/{/bfe shownlln a forthcom;]ng Ir(;ager. Theor?glna(?;‘lth
is directly carried by field functions of the vabia 0 rom early universe shou'd be compativie

; ; revious model where GW are supposed to be enfitied
energy density of Quantum Vacuum. In this way ouf. X
model is also in direct epistemological correlatiith gmary stars [17]. In general, between the resulich

concrete physical phenomena of mass and gravity. should_ indirectly confirm the QW ex_istence and_ the
In our view, Higgs boson can be interpreted as gorencal model of G_W there is, until now, no e

characteristic temporary change (duration of lifeti of epistemological correlat|0n._ . .

around 1.56x13? s) of Quantum Vacuum energy density The only known physical element, which -satisfy

appearing after the collision of two protons and da Gravity theorem” and is in simultaneous mutual tean

the “excitation” of Quantum Vacuum modes. Betweeﬁ'\'ith abjects A and B, is then the universal spproyided

hypothetical Higgs field and experimental results,\'\”tr(;aI tsrl]utab_le ng"mtlf[m \_/atcuurr|1 st_ru<|:ture Olf QEDoum
indicating the existence of a particle called “Hégg mode” INere 1S a direct epistemalogical correla cen

boson”, there is no direct epistemological coriiekat mass/gravity phenomena and electromagnetic Quantum

Discovery of Higgs boson does not prove existente 0\/acuum of QED enriched by a Planck metrics. Further

Higgs field, nor that hypothetical Higgs field origtes research are in progress in order to build a phjsiodel

’ : - having a direct epistemological correlation withe th
the mass of elementary particles. In general tiethen h sigal Universe v|3ithin thegframework of Biiective
no direct epistemological correlation between Higg% Y J

field, gravity field and a concrete physical masailgty p|sten\olpgy in Physics according to which to each
phenomenon. element in the model correspond one an only onmexé

in the Universe.
Between a physical model of the Universe and the
Universe itself it must exist a direct epistemobadi
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correlation, similar to that existing between tveass(in the
Set Theory) related through a bijective functioh [4

5. Energy Density of Quantum Vacuum,
Dark Energy and Dark Matter

Today it is thought that around the 68% of the @nse
is composed by the so — called DE, the 27% of the-s
called DM and less then the 5% of ordinary mattethe
commonly accepted theory of the Universe, DE igrenfof
energy that opposes to gravity generating the esiparof
the Universe. Its real origin is still a mysteryneo
explanation is that it could be a property of spiésgf that
increase with the space expansion (Einstein’s ctgiual

constant); another theory considers DE as a nderbet

specified “fluid” or a “dynamical” energy fillingthe
space; a third explanation calls into questionEhestein’s
theory of gravity, declaring it is not correct atitht DE
would not only affect the Universe expansion bsbathe
behavior of normal matter as, in particular, thestdrs of
galaxies.

Nevertheless, despite the different explanationp@sed
by the mainstream physics theories, none of thembea
considered, until now, satisfactory. DM, on theesthand,
constitutes the bulk of the mass of the galaxies ians
fundamental for the formation of stars and galaxiesg is

Guity Originates from Variable Energy Density of @iaam Vacuum

same way, the cas@p,, +Ap,, >0 can be seen as the
origin of DM whose effect is, from a gravitatiorfadint of
view, similar to that occurring in the presence usiual
matter only, but without the presence of the cquesent
guantity of baryonic matter since the decreasehefterm
Ap,, can be compensated by the increase of the tApp,

due to electromagnetic radiation.

The latter result agrees with the most recent Hgxis
about the origin of dark matter, according to whidbr
example, it could consist of axions or sterile neos [19].
But even more surprising, it can explain the reasult
predicted by a very recent theory of DM, i.e. theold
Dark Matter” model or CDM, based on the data ctddc
by Subaru Telescope in Hawaii [19]. According toNI,0n
fact, the density of DM in the center of the mostssive
objects in the Universe, as for example the COMAEr o
galaxies, is lower than in the less massive objects
including our galaxy.

In our model this decrease of usual matter dersityd
be compensated and exceeded by the density inavéase
electromagnetic like energy density (the terp,, )

representing in this case a sort of “dark radidtianweakly
interacting form of radiation, recently conjectuif@@] that
should mediate the interaction between dark pasijcl
probably associated to the hypothetic sterile meutr

origin appears even more obscure; in this case ave cg, The Emergence of Space as

certain say what DM is not: it cannot be made a¥/baic

matter, it cannot be constituted by antimatter gose it
doesn’'t generate gamma ray bursts) and cannot
identified with the presence of galaxy - size blduKes
because of the analysis of the gravitational leata.d

Geometro — Hydrodynamic Limit of
be Quantum Vacuum Condensate

It has been shown that Quantum Vacuum can be

The question of the origin and behavior of DM anél D described, under suitable conditions, by “metrisgtity”

can be considered, at least at a basic level, uieg
formalism given by Eq. 2, according to which thea@wm
Vacuum energy density, in a given volume, can bi¢temr
as

D-E

Qv en ~ En (15)
then its variation, from an initial state 1 to adi state 2, in
a given point, can be obtained through Eq. 15 andidg
by the volume

Dpo, =~ (Lpy +0p,,) (16)
being Ava = Prov T Pigu and Ap, =Pon T Pim - From
Eq. 16 we see that iAp, +Ap,, >0 (as it occurs in

correspondence to an increase of mass and elegnatia

[21,22] in which the action of space
S(R) = ~(¥167G) [ dx/~gR

where R is the invariant Ricci tensor, can be viewed as a
change in the action of quantum fluctuation of wanun a
curved space. Basing on this assumption, and ocemsgl
the consistent histories approach of quantum méchan
according to which [21,22,23], the quantum evolutaan
be seen as the coherent superposition of virtusd fi
grained histories, GR and space can be interpratethe
hydrodynamic limit of an underlying theory of
“microscopic” structure of space.

A fine — grained history can be defined by the gadf a

field ®(x) at the pointxand its quantum amplitude as
w[o] =%

(17)

where S is the classical action

radiation) thenAp,, <0 (the energy density diminishing ¢, esnonding to the considered history. The quantu

above seen) but iAp,, +Ap,, <0, we have, conversely,

interference between two virtual histories can bantified

APy, >0. In this case we experience an increase of loc&lY @ “decoherence” functional

Quantum Vacuum energy density with respects

correspond to a repulsive force or, equivalentlyan anti —
gravity that can be interpreted as the origin of. DiEthe

its
equilibrium value that, according to our model, can

D [GJA,(DB] = qJ[qu] lJJ[cDB]* ~ g(S[®al-s[®s)) (18)

that gives the coarse — grained histories corredipgnto



American Journal of Modern Physics 2014; 3(3):-128 125

the observations in classical world. The quanturplaude G},VV =0 which implies the decoherence and the emergence

for a coarse - grained history is then defined by of the hydrodynamic variables of geometry. In thense

GR can be considered as geometro—hydrodynamicthand
most readily decohered variables are those aseddiatthe

) ) ) largest “inertia” representing the collective vates of
where w can be considered as a “filter” function thatgeometry.

selects which fine — grained histories are assedi& the The classic world is then created by decoherendbef
same superpositi(_)n with their relative phas_es. Th&uantum microscopic  structure of space, where
decoherence functional for a couple of coarse €t onservation laws guarantee its persistence ardlista
histories is then the last measured by the high — order correlatimetions
that characterize the effect of noise, fluctuatiosusd
dissipation from the environment. This offers tcausay to

) ) ) ) look at the interface between the classical andjtfentum

in which the histories®, and ®; assume the same o |q since they are related to the tail of therguen micro
value at a given time instant of the future, where strycture of space.

decoherence indicates that the different histories

contributing to the full quantum evolution can éxis : :

individually and are characterized by quantum amgé 7. Discussion

and that the system undergoes an information and tphe ynderstanding of the gravitation mechanismnie o
predictability degr_adatlon.[2.3]: in this sense thgstem of the most important and yet unsolved problemhgdrcs.
becomes StOCh.aSt'C and d|SS|pat|V(_e. . During the centuries, starting from the Newton’s
Th's formalism can be apphed to hyOIrOOIynam'Csmathematical formulation of gravity law, two subtally
variables [23], through the following operator antithetical positions have been in contrast: tltioh -
Ty (X Xs) =T, @ (X,) P () 1) ¢§e0® (L'ETl)s.tance (AAAD) approach and Local Action
The first one is characterized by several concé@nd
experimental difficulties [24] as firstly pointeduio by
Newton itself that, in thdrincipia expressed its position
against the mode of AAAD and the need for the deafa
“material” transmission of gravitation within a frework

meaning that the quantity that are most likely te pcalled “Material Field Local Action” (MFLA). The

decohered, showing a classical behavior, are theerged ~Ccurrently accepted large — scale theory of grauitati.e.
ones. It can be shown that, for an actiorFinstein’s General Relativity, can be considered aas

S[cbl } =o'a, O" Relativistic Local — Actiqn theory (RLA), in whicgrayity

m acts through a metric field, generated by the géncad
properties of spacetime which itself depends on the

D, [T,,ﬁ ,T,,EE] = J DK™ (X, %, )% distribution of matter.

o w . . Nevertheless, several well — founded criticism hlagen

xj eXP{"D [A“L KA (%0 % )T (%0 X )],m ® }x advanced, from the middle of the last century onRLA

S n | approach [9]. They are substantially related tehéftl data

xexp[le (XA ’XB)TW (XA e )] De" = [25], cosmological tests [26] and to the physicalaming of

~ exp{iQ[TA (x X ) T® (x X )]} space and time itself [9]. With reference to thigelapoint,
AR TR we have shown [4] that the commonly accepted

(23) interpretation of time as the fourth physical comgat of

in which we have used the integral representatiodetta  the Minkowski spacetime is not generally adequéree
and the CTP indiced,mn=12, Q being the closed being only a mathematical quantity giving the dioraiof a
physical phenomenon. According to the MFLA apprgach

gravity is “transmitted” by a “material” stationagnd all
space — filling medium whose composition and prapiag
functional has maxima in correspondence of hydradyin  yechanism vary among the different formulations 48
variables, density and pressu@, p) that, in turnarethe  that it is supposed to be composed, in the modern
most readily decohered and have the highest probability to ~ conception, by gravitational and electromagnetiarga
become classical. The above procedure can be alsdthe hypothetical gravitons and the photons) fognihe
applied to Einstein tensoG,, (having properties similar Quantum Vacuum.

However, in both RLA and MFLA, the key concept is
respectively the field or the quantum field consédieas the
conservation law forT, and the Bianchi identity strycture of the propagation medium in terms ofcepa

W[a] = [ DoeSw]P] (19)

D, [@, @] = [ Do, Do 1™ Daf0,J[o,]  (20)

where I", is a generic field operator defined at two
points that satisfies the “conservation law”

T, =0 (22)

—time path two — particle irreducible action [23].
The conservation ofl , implies that the decoherence

to those of T, ) setting up an analogy between the
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dependence of density, velocity and energy ofriteraction new. Already Newton was thinking in a similar wadkgoth
“transmitters”. As we have seen, the most ambitausent not this aethereal medium in passing out of walkass,
guantum field description of reality, i.e. the Skinot able to crystal, and other compact and dense bodies in yempt
give satisfactory results in describing all the damental spaces, grow denser and denser by degrees, andaby t
known forces in terms of elementary particles andnfjum means refract the rays of light not in a point, loyt
fields, first of all because it “simply” ignoresayity and bending them gradually in curve lines? ...Is nots th
because of epistemological difficulties affectirge tHiggs medium much rarer within the dense bodies of tha, Su
mechanism as above briefly discussed. stars, planets and comets, than in the empty @lsegiace

In this paper we have proposed the suggestive idbetween them? And in passing from them to gredaies,
according to which gravity originates from the dimhed doth it not grow denser and denser perpetually,thectby
energy density of Quantum Vacuum, viewed as a ewale, cause the gravity of those great bodies towardsaaoéher,
caused by the presence a given material objecadicle. and of their parts towards the bodies; every body
From an ontological and dynamical point of viewawty  endeavoring to go from the denser parts of the nmedi
can be then explained as the action of a Quanturniwa towards the rarer?" [29].
“pressure” due to the energy density gradientsteceay In our model mass and gravity are presented asudtre
massive bodies or particles in the 3D physical spac of a dynamics between a given particle or massivayb

In this model gravity is an immediate and not -and the Quantum Vacuum in which particle or massive
propagating interaction due to Quantum Vacuum “puygh  body are present.
acting from higher to lower energy density. Frons ghoint The interpretation of the classical world describgdsR
of view gravity, in our model, is not an AAAD intstion as hydrodynamics limits of a microscopic theorysphce
but a distance — depending force because of thendemce permits the interpretation of space itself as the
on the dimensions of the Quantum Vacuum volume ihydrodynamic state of a condensate quantum gas,dik
which energy density varies. Bose—Einstein Condensate (BEC), in which bosons

The proposed model is valid from the scale of thetpn experience a common collective coherent quantum
to that of the galaxies, so realizing the so muanted behavior described by a macroscopic wave — function
unification of gravitational effects in systems different the low energy — long wavelength limit space cobkd
scales. viewed as a condensate, from some microscopic aré m

But one of the most important feature of the preplos fundamental substructure, the Quantum Vacuum, irctwh
model is, without doubt, the ability to simply eapl the the metric and its perturbation would correspond to
equivalence between inertial and gravitational massh collective variables and collective excitations or,
having origin, for a given body or particle, in tsame alternatively, as a particular quantum state asnation of
decreasing of Quantum Vacuum energy density. Is thits elementary microscopic constituents, (like, daample,
sense it is able to explain the mass and the gtavial in string theory) similar to the ground state d8&C. Due
action of every particle, including the Higgs bosoa. to the special features of the quantum wave functio

Every mass in the Universe is then in a dynamicadssociated to a Bose — Einstein like condensate, th
energetic relationship with Quantum Vacuum, modidyi proposed framework could also able to explain tligiroof
the vacuum energy density due to its rest masskihaetic = mass, through a dynamical model under developnasnd,
energy. This modified energy density of Quantumwam  coherent phase transition of quantum states ofvédsium
is the origin of “relative” velocity of material eimge towards a more stable ground state than the pettueb
including rate of clocks and is valid for all théservers QED or QCD [23].
[7,27,28]. An interesting perspective would be to extend the

Also relativistic effects of general relativity asapproach of the Quantum Vacuum energy density
gravitational redshift, bending of light rays, adea of the introduced in this paper also to the treatment tobng
perihelion of Mercury, can be described within theinteraction, weak interaction as well as to thetdbuations
proposed Quantum Vacuum model [27,28]. Also, in oulinked to grand unification field theories outsidae

view, curvature of space is only a mathematicatdpson  Standard Model. In this regard, the
of universal space energy density diminishing cdusg geometro—hydrodynamic model of the evolution of
presence of massive bodies. Quantum Vacuum could give, if adequately develoaed

Finally, the proposed model is compatible with tha@mproved, very important results since is well kmo{20]
dynamic space mathematically described by GR ithen that the behavior of quark — gluon plasma is vamjlar, in
low energy — long wavelength limit of the behaviof many aspect, to the macroscopic behavior of antrelec

Quantum Vacuum. plasma; for this reason we can compare the magneto
hydrodynamics derived from Maxwell's theory to the
8. Conclusions magneto — cromo - hydrodynamics from QCD. The

effective theories, describing the collective araharent
The idea about dynamic energy density of universalynamics of their constituents, are respectivepresented
space that depends on the presence of stellartebgenot by atomic physic for QED and nuclear physics forOQC
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they can be viewed as low energy state collectiated of
the same fundamental laws.

NASA research confirms that universal space isWidh
only a 0.4% margin of error: “Recent measurements (
2001) by a number of ground-based and baIIoon—bas?_}j]
experiments, including MAT/TOCO, Boomerang, Maxima,
and DASI, have shown that the brightest spots hoaital
degree across. Thus the universe was known toabeafl
within about 15% accuracy prior to the WMAP results
WMAP has confirmed this result with very high acoy
and precision. We now know (as of 2013) that thiwarse
is flat with only a 0.4% margin of error. All we rcdruly
conclude is that the Universe is much larger thae t [©]
volume we can directly observe”[31].

The above results then strongly indicate that dureaof
space in GR is only a mathematical descriptionrafrgy
density of universal space that originates in enel@nsity [10]
of Quantum Vacuum. The development of a mathenlatica
model that will connect energy density of Quantunjii]
Vacuum, curvature of space in GR and Higgs field is
currently in progress.

In this connection, the geometro — hydrodynamic ehod
of space as condensate could give an importantibation
in the understanding of Quantum Vacuum since, & th
Universe as a whole should be a quantum object g&vho
large scale behavior is controlled by a classicike |
equation such the Gross — Pitaevsky equation in BE4]
theory [32]), the existence of vacuum energy dgnsit
characterizing it as a quantum system could be idisely
explained, unlike what happens in the generallyeptaxd
point of view in which it remains substantially ngtsous.

Obviously, further researches and developments a{f ]
necessary and in progress in this direction, fafsall as
regards the formulation of a complete dynamical ehad
Quantum Vacuum energy density also able to interprel?]
within the proposed model, the recent experimedtth
obtained by BICEP2 radio telescope at South Pokk ari8]
those related to the diminishing of the orbitalog#ly of

(6]

(8]

(12]
(13]

(15]

binary stars, as will be shown in a forthcoming kvor [19]
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