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We attempt to find new symmetries in the space-time structure,leading to a modified gravitation
at large length scales,which provides the foundations of a quantum gravity at very low energies.
This search begins by considering a unified model for electrodynamics and gravitation,so that the
influence of the gravitational field on the electrodynamics at very large distances leads to a refor-
mulation of our understanding about space-time through the elimination of the classical idea of rest
at quantum level. This leads us to a modification of the relativistic theory by introducing the idea
of a universal minimum speed related to Planck minimum length. Such a speed,unattainable by
the particles,represents a privileged inertial reference frame associated with a universal background
field (a vacuum energy),enabling a fundamental understanding of the quantum uncertainties. The
structure of space-time becomes extended due to such a vacuum energy density,which leads to a
negative pressure at the cosmological length scales as being an anti-gravity,playing the role of the
cosmological constant. The tiny values of the vacuum energy density and the cosmological constant
are obtained,being in agreement with current observational results. We estimate the very high value
of inflationary energy density of vacuum at Planck length scale. After we find the critical radius
of the universe,beyond which the accelerated expansion (cosmological anti-gravity) takes place. We
show that such a critical radius is Rye = ry/2,where ry = 2GM/c? being 4 the Shwarzschild radius
of a sphere with a mass M representing the total attractive mass contained in our universe. And
finally we obtain the radius Ruo = 3r4/4(> Ruc) where we find the maximum rate of accelerated
expansion. For R, > Ryo,the rate of acceleration decreases to zero at the infinite, avoiding Big Rip.

PACS numbers: 98.80.Es, 11.30.Qc

I. INTRODUCTION

The idea that some symmetries of a fundamental theory of quantum gravity may have non trivial consequences
for cosmology and particle physics at very low energies is interesting and indeed quite reasonable. Thus driven
by Einstein’s ideas for searching for new fundamental symmetries in Nature,our main focus is to go back to that
point of the old incompatibility between mechanics and electrodynamics,by extending his reasoning in order to
look for new symmetries that implement gravitation into electrodynamics at very large distances. We introduce
new symmetries into the space-time geometry,where gravitation and electromagnetism become coupled with
each other,in such a way to enable us to build a new modified dynamics at very low energies,being compatible
with the quantum uncertainties.

Besides quantum gravity at Planck minimum length (very high energy scales),our new symmetry idea appears
due to the indispensable presence of gravity at quantum level for particles with very large wavelengths (very
low energy scales). This leads us to postulate a universal minimum speed related to a fundamental (privileged)
reference frame of background field that breaks Lorentz symmetry|[1].

Similarly to Einstein’s reasoning,which has solved that old incompatibility between nature of light and motion
of matter (massive objects), let us now expand it by making the following heuristic assumption based on new
symmetry arguments:

If,in order to preserve the symmetry (covariance) of Mazwell’s equations, ¢ is required to be constant based
on Finstein’s reasoning,according to which it is impossible to find the rest reference frame for the speed of light
(c—c#0 (= c)) due to the coexistence of E and B in equal-footing,then now let us think that fields E and
B may also coexist for moving charged massive particles (as electrons),which are at subluminal level (v < ¢).
So,by making such an assumption,it would be also impossible to find a rest reference frame for a charged massive
particle,by canceling its magnetic ﬁeld,i.e.,é = 0 with E # 0. This would break the coexistence of these two
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fields,which would not be possible because it is impossible to find a reference frame where v = 0,in such a space-
time. Thus we always must have E # 0 and also B # 0 for charged massive particles,due always to the presence
of a mon-null momentum for the electron,in a similar way to the photon electromagnetic wave.

The reasoning above leads to the following conclusion:

-The plane wave for free electron is an idealization impossible to conceive under physical reality. In the
event of an idealized plane wave,it would be possible to find the reference frame that cancels its momentum
(p = 0),just the same way as we can find the reference frame of rest for classical (macroscopic) objects with
uniform rectilineal motion (a state of equilibrium). In such an idealized case, we could find a reference frame
where B = 0 for charged particle. However, the presence of gravity in quantum world emerges in order to
always preserve the coezistence of E and E(;ﬁ 0) in electrodynamics of moving massive particles (section 3).
That is the reason why we think about a lowest and unattainable speed limit V' in such a space-time, in order
to avoid to think about B = 0 (v =0). This means that there is no state of perfect equilibrium (plane wave
and Galilean inertial reference frame) for moving particles in such a space-time,except the privileged inertial
reference frame of a universal background field associated with an unattainable minimum limit of speed V. Such
a reasoning allows us to think that the electromagnetic radiation (photon:“c — ¢’ = ¢) as well as the matter
(electron: “v —v" > V(# 0)) are in equal-footing,since now it is not possible to find a reference frame in
equilibrium (Vpelative = 0) for both through any velocity transformations (section 6).

The interval of velocity with two limits V' < v < ¢ represents the fundamental symmetry that is inherent to
such a space-time,where gravitation and electrodynamics become coupled. However,for classical (macroscopic)
objects,the breaking of that symmetry,i.e.,V — 0, occurs so as to reinstate Special Relativity (SR) as a particular
(classical) case,namely no uncertainties and no vacuum energy,where the idea of rest,based on the Galilean
concept of reference frame is thus recovered.

In another paper,we will study the dynamics of particles in the presence of such a universal (privileged)
background reference frame associated with V', within a context of the ideas of Mach[2],Schroedinger|3] and
Sciamal4],where we will think about an absolute background reference frame in relation to which we have
the inertia of all moving particles. However,we must emphasize that the approach we will intend to use is
not classical as the machian ideas (the inertial reference frame of fixed stars),since the lowest limit of speed
V related to the privileged reference frame connected to a vacuum energy,has origin essentially from the presence
of gravity at quantum level for particles with very large wavelengths.

We hope that a direct relationship should exist between the minimum speed V' and Planck’s minimum length
l, = (Gh/c®)Y/2(~ 1073%m) treated by Double Special Relativity theory (DSR)[20-25] (4th section).

In the next section,a heuristic model will be developed to describe the electromagnetic nature of the matter.
It is based on the Maxwell theory used for investigating the electromagnetic nature of a photon when the
amplitudes of electromagnetic wave fields are normalized for one single photon with energy hAw. Thus,due to
the reciprocity and symmetry reasoning,we shall extend such a concept for the matter (electron) through the
idea of pair materialization after «-photon decay,so that we will attempt to develop a simple heuristic model of
the electromagnetic nature of the electron that will experiment a background field in the presence of gravity.

The structure of space-time becomes extended due to the presence of a vacuum energy density associated
with such a universal background field (a privileged reference frame connected to a zero-point energy of back-
ground field,which is associated with the minimum limit of speed V for particles moving with respect to such
a background reference frame). This leads to a negative pressure at the cosmological length scales,behaving
like a cosmological anti-gravity for the cosmological constant whose tiny value will be determined (section 8-
B). Besides this,we are able to find the critical radius of the universe,beyond which the accelerated expansion
(cosmological anti-gravity) takes place (section 8-C).

II. ELECTROMAGNETIC NATURE OF THE PHOTON AND OF THE MATTER
A. Electromagnetic nature of the photon

In accordance with some laws of Quantum Electrodynamics|5],we shall take into account the electric field of
a plane electromagnetic wave whose amplitude is normalized for just one single photon|d]. To do this,consider



that the vector potential of a plane electromagnetic wave is

A = acos(wt — k.7)e, (1)

where k.7 = kz,admitting that the wave propagates in the direction of z,being € the unitary vector of polariza-
tion. Since we are in vacuum,we must consider

- 104 wa .
E= i (7)sen(wt —kz)eé (2)
In the Gaussian system of units,we have |E | = |§ |. So the average energy density of the wave shall be
(petctromas) = o= (1B + 1BP) = (|?) 3)
eletromag ] Ar
Substituting (2) into (3),we obtain
1 w?a?
eletromag) — 5 _ ) 4
(Petctromas) = o= s 0

where a is an amplitude that depends upon the number of photons in such a wave. Since we wish to obtain
the plane wave of one single photon (Aiw),then by making this condition for (4) and by considering an unitary

volume for the photon (vp, = 1),we have
8mhc?
= 5
a= T )

= 8mwhc?
E(z,t) = %\/ ch sen(wt — kz)e, (6)

Substituting (5) into (2),we obtain

from where,we deduce that

2
co= U\ /8E _ e, (7)

c w

where e could be thought of as an electric field amplitude normalized for 1 single photon,with by = ¢y (Gaussian
system),being the magnetic field amplitude normalized for 1 photon. So we may write

—

E(z,t) = egsen(wt — kz)é (8)

Substituting (8) into (3) and considering the unitary volume (v,, = 1),we obtain

1
<Eeletromag> = 8_71'6(2) = hw (9)

Now,starting from the classical theory of Maxwell for the electromagnetic wave,let us consider an average
quadratic electric field normalized for one single photon,which is e,, = eg/v2 = <|E |2> So doing such a

consideration,we may write (9) in the following alternative way:



<Eeletromag> =

where we have

€o w [4mhc?
e A " Vamhw (11)

It is important to emphasize that,although the field in (8) is normalized for only one photon,it is still a classical
field of Maxwell because its value oscillates like a classical wave (solution (8)). The only difference is that we
have thought about a small amplitude field for one photon. Actually the amplitude of the field (eg) cannot be
measured directly. Only in the classical approximation (macroscopic case), when we have a very large number
of photons (N — o00),we can somehow measure the macroscopic field E of the wave. Therefore,although we
could idealize the case of just one photon as if it were an electromagnetic wave of small amplitude,the solution
(8) is even a classical one,since the field E presents oscillation.

Actually we already know that the photon wave is a quantum wave, i.e.,a de-Broglie wave,where its wavelength
(A = h/p) is not interpreted classically as the oscillation frequency (wavelength due to oscillation) of a classical
field. However,in a classical case,using the solution (8),we would have

1 = 1
Eeletromag = ElE(Z’ )2 = Eegserﬂ(wt —kz) (12)

In accordance with (12),if the wave of a photon were really classical, then its energy would not be fixed,as we
can see in (12). Consequently,its energy hw would just be an average value [see (10)]. Hence,in order to achieve
consistency between the result (10) and the quantum wave (de-Broglie wave),we must interpret (10) to be
related to the de-Broglie wave of the photon with a fixed discrete energy value hw instead of an average energy
value,since now we consider that the wave of one single photon is a non-classical wave,i.e. it is a de-Broglie wave.
Thus we rewrite (10) as follows:

he 1
Eeletromag =F= pc = 7 =hw = Eefyhv (13)
where we conclude that
47h
=2 (14)
€on

where ) is the de-Broglie wavelength. Now,in this case (14),the single photon field ep;, should not be assumed
as a mean value for oscillating classical field,and we shall preserve it in order to interpret it as a scalar quantum
electric field (a microscopic field) of a photon. So basing on such a heuristic reasoning,let us also call it “scalar
support of electric field”,representing a quantum (corpuscular)-mechanical aspect of electric field for the photon.
As epp, is responsible for the energy of the photon (E o< €2, ),where w o< €2, and X o< 1/e2;, .indeed we see that e,
presents a quantum behavior,as it provides the dual aspects (wave-particle) of the photon,where its mechanical
momentum may be written as p = hk = 2rwh/A\=heZ,;, /2hc [refer to (14)],0r simply p = €2, /4mc.

B. Electromagnetic nature of the matter

Our objective is to extend the idea of the photon electromagnetic energy [equation (13)] for the matter. By
doing this,we shall provide heuristic arguments that rely directly on de-Broglie reciprocity postulate, which has
extended the idea of wave (photon wave) for the matter (electron), behaving also like wave. Thus the relation (14)



for the photon,which is based on de-Broglie relation (A = h/p) may also be extended for the matter (electron),in
accordance with the idea of de-Broglie reciprocity. In order to strengthen such an argument,we are going to
assume the phenomenon of pair formation,where the photon v decays into two charged massive particles,namely
the electron (e™~) and its anti-particle,the positron (e). Such an example will enable us to better understand
the need of extending the idea of the photon electromagnetic mass (Meiectromag = Felectromag/ 02) (equation 13)
for the matter (¢~ and e™), by using that concept of field scalar support..

Now consider the phenomenon of pair formation,i.e., ¥ — e~ +et. Then,by using the conservation of energy
for y-decay,we write the following equation:

E,=hw=m,?=mygct+mic?+K + K" =2myc> + K~ + K™, (15)

where K~ and K™ represent the kinetic energy for electron and positron respectively. We have m, 2= mBLc2 ~

0,51Mev for electron or positron.

Since y-photon electromagnetic energy is £, = hv = myc” = ﬁegy,or else,E, = eoe?y given in the International
System of Units (IS),and also knowing that e, = cby (IS),where b, represents the scalar support of magnetic
field for v-photon,so we also may write

2

E, = ceo(eq)(by) (16)

Photon has no charge, however,when it is materialized into the pair electron-positron,its electromagnetic con-
tent given in (16) ceases to be free or purely kinetic (purely relativistic mass) to become massive through the
materialization of the pair. Since such massive particles (v _y < c) also behave like waves in accordance
with de-Broglie idea,now it would also be natural to extend the relation (14) (of the photon) for representing
wavelengths of the matter (electron or positron) after -photon decay,namely:

hc h
At,—) X —— = - —, (17)
eo[eg-’_’ )]2 Eo[eg-’_’ )][bg-l-, )]
where eg+’7) and b§+’7) play the role of the electromagnetic content for energy condensed into matter (scalar

support of electromagnetic field for the matter). Such fields are associated with the total energy of the moving
massive particle,whose mass has essentially an electromagnetic origin,given in the form

m = Melectromag X esbsa (18)

2

where E = mc* = melectramagcz'

Basing on (16) and (17),we may write (15) in the following way:

E, = cegeqby = cegey by v, + ceoed bivl = [eepeybgve + K] + [ceoedyblove + K] = (19)

2ceoegg’_)bgg’_)ve + K-+ K" =2moc®> + K-+ KT,

where moc? = m{™ ¢ = ceoel b v, 2 0,51Mev. el and b represent the proper electromag-
netic contents of the electron or positron. Later we will show that the mass m( does not represent a classic rest
mass due to the inexistence of rest in such a space-time. This question shall be clarified in 5th section. The
volume v, in (19) is a free variable to be considered.

In accordance with equation (19),the present model provides a fundamental point that indicates electron is
not necessarily an exact punctual particle. Quantum Electrodynamics,based on Special Relativity deals with
the electron as a punctual particle. The well-known classical theory of the electron foresees for the electron
radius the same order of magnitude of the radius of a proton,i.e.,R. ~ 10~ 5m.

The most recent experimental evidence about scattering of electrons by electrons at very high kinetic energies
indicates that electron can be considered approximately a point particle. Actually electrons have an extent less



than collision distance,which is about R, ~ 10716m|6]. Actually such an extent is negligible in comparison to
the dimensions of an atom (1071%mn),or even the dimensions of a nucleus (10~!4m),but it is not exactly a point.
For this reason,the present model can provide a very small non-null volume v, of the electron. But, if we just
consider v, = 0 according to (19),we would have an absurd result,i.e,divergent internal fields eso = bsg — o0.
However, for instance,if we consider R, ~ 107%m (v. o R3 ~ 107*¥m3) for our model,and knowing that
moc? =2 0,51 MeV (~ 1073.J),thus,in such a case (see (19)),we would obtain eso ~ 10%3V/m. Such a value is
extremely high and therefore we may conclude that the electron is extraordinarily compact,with a very high
energy density. So,for such an example,if we imagine over the “surface” of the electron,we would detect a field
eso ~ 1023V /m instead of an infinite value for it. According to the present model,the field e,y inside the almost
punctual non-classical electron with such a radius (~ 107!%m) would be finite and constant (~ 10%3V/m)
instead of a function like 1/r? with divergent classical behavior. Indeed,for » > R, the field E decreases like
1/r?i.e,E =¢/r?. Forr = R., E = ¢/R? = eg. Actually,for r < R.,we have E = ey9 = constant(~ 1023V /m).
The next section will be dedicated to the investigation about the electron coupled to a gravitational field.

III. ELECTRON COUPLED TO A GRAVITATIONAL FIELD

When a photon with energy hv is subjected to a certain gravitational potential ¢,its energy (or frequency)
increases to be E/ = hv/,where

E' =h'=hv(l+ %) (20)

By convention,as we have stipulated ¢ > 0 to be attractive potential,we have v/ > v. By considering (16) for
any photon and by substituting (16) into (20),we alternatively write

E' = cegey,p,by,y, = ceopnbpnr/go0, (21)

where gqo is the first component of the metric tensor,where /goo = (1 + %) and epp, = chph.
From (21),we can extract the following relationships,namely:

€pn = eph\/ V900, Ypn = bpn/ /900 (22)

In the presence of gravity,such fields e, and by, of the photon increase according to (22),leading to the
increasing of the photon frequency or energy,according to (20). Thus we may think about the following incre-
ments,namely:

Aepn = €y, — epn = epn(y/v/G00 — 1), Abpn = by — bpn = bpn(y//goo — 1) (23)

In accordance with General Relativity (GR),when a massive particle of mass mgy moves in the presence of a
gravitational potential ¢,its total energy E is given in the following way:

E =mc? = moc®\/goo + K, (24)

where we can think that mgo(= mé+’_)) is the mass of the electron or positron,emerging from ~-decay in the

presence of a gravitational potential ¢.
In order to facilitate the understanding of what we are proposing,let us consider K << mgc?,since we are
interested only in obtaining the influence of the potential ¢. Therefore we write

E = moc2\/goo (25)



As we already know that Ey = mgc? = ceoeigﬁ)big’*)ve,we can also write the total energy E,as follows:

E = ceoe(j’*)b(*’*)ve = ceoeggﬁ)big’*)ve\/gﬁ, (26)

S

from where we can extract

el = ey Va0 =05 Vo, (27)

So we obtain

Aes = e vam — 1), Aby =0 (\/vawm - 1), (28)

where we have Aeg = cAb;.

As the energy of the particle can be represented as a condensation of electromagnetic fields in scalar forms e
and bg,this model is capable of assisting us to think that the well-known external fields E and B for the moving
charged particle,by storing an energy density (x |E|? + |B|?) should also suffer some influence (shifts) in the
presence of gravitational potential. In accordance with GR,every kind of energy is also a source of gravitational
field. This non-linearity that is inherent to the gravitational field leads us to think that,at least in a certain
approximation in the presence of gravity,the external fields E and B should experiment small positive shifts 6 F
and § B,which are proportional to the intrinsic increments (shifts) Aes and Abg of the particle,namely:

OE = (E' — E) o Aes = (es — e50), 0B = (B'— B) ox Abs = (bs — bso) (29)

Here we have omitted the signs (+, —) in order to simplify the notation. Since Aegs = cAbg,then 6E = ¢dB.

In accordance with (29),we may conclude that there is a constant of proportionality that couples the external
electromagnetic fields £ and B of the moving charge with gravity by means of the small shifts 0 ' and 6 B. Such
a constant works like a fine-tuning,namely:

0E = €Aes, 6B = EAby, (30)

where £ is a dimensionaless constant to be obtained. We expect that £ << 1 due to the fact that the gravitational
interaction is much weaker than the electromagnetic one. 0 E and § B depend only on ¢ over the electron.
Substituting (28) into (30),we obtain

§F = €es0(1/+/goo — 1), 0B = Ebso(1/+/goo — 1). (31)

Due to the very small positive shifts 6 ¥ and §B in the presence of a weak gravitational potential ¢,the total
electromagnetic energy density in the space around the charged particle is slightly increased,as follows:

total _ l
pelectromag - 260

(E+6E)* + 2—;0(3 +6B)? (32)

Substituting (31) into (32) and performing the calculations,we will finally obtain

1 1 1 1 1

Pelectromag = §[€0E2 + M_B2] +EleoBeso+ u—Bbso](\/ V00— 1)+ 552[60(650)2 + u—(bso)2](\/ Voo —1)* (33)
0 0 0

We may assume that pfot% = pi(l)gctmmag + pi}gctmmag +02 , for representing (33), where the first

(0)

term pelectromag

is the free electromagnetic energy density (zero order) for the ideal case of a charged particle



uncoupled from gravity (§ = 0),i.e,the ideal case of a free particle (a perfect plane wave,which does not exist in
reality due always to the presence of gravity). We have p(®) o 1/r* (coulombian term ).

The coupling term p(*) (second term) represents an electromagnetic energy density of first order,that is,it
contains an influence of 1st order for 6 ¥ and ¢ B,as it is proportional to 0 E and 0 B due to a certain influence
of gravity. Therefore it is a mixture term that behaves essentially like a radiation term. Thus we have p1)
1/r?,since ego (or bso) ~ constant and E(or B)oc 1/r%. Tt is very interesting to notice that such a radiation
term of a charge in a true gravitational field corresponds effectively to a certain radiation field due to a slightly
accelerated charge in free space,however such an equivalence is weak due to the very small value of €.

The last coupling term (p(2)) is purely interactive due to the presence of gravity only. This means that it is a
2nd order interactive electromagnetic energy density term,since it is proportional to (§E)? and to (§B)?. Hence
we have p(?) oc 1/r0 ~ constant,being p? = Leg(6E)? + ﬁ((SB)2 =¢(0F)? = %(6B)Q,Which varies only with
the gravitational potential (¢). Since we have p? x 1 /r%it has a non-locality behavior. This means that p?
behaves like a kind of non-local field that is inherent to the space (a constant term for representing a background
field). Tt does not depend on the distance r from the charged particle. So it is a constant energy density for
a fixed potential ¢,and fills the whole space. p(?) always exists due to the inevitable presence of gravity and
therefore it cannot be cancelled by any transformation. Due to this fact,the increment § B that contributes for
the density of interactive energy p(® cannot vanish since the electron is not free (p( # 0). This always assures
a non-zero value of magnetic field (6B # 0) for any transformation,and so this is the fundamental reason why
the fields F and B should coexist in the presence of gravity,where the charge experiments a background field
(p® o (6B)?) connected to a privileged reference frame of an unattainable minimum speed that justifies in a
kinematic point of view the impossibility of finding §B = 0. This minimum speed (V') is a universal constant
that should be related directly to gravity (G), since V is also responsible for the coexistence of E and B. We
will see such a relationship in the next section.

Usually we have p(@ >> p(1) >> p(@) For a very weak gravitational field,we can consider a good practical
approximation as p‘9tal g~ p®). However,from a fundamental point of view,we cannot neglect the coupling
terms,specially the last one for large distances,as it has a vital importance in this work,allowing us to understand
a non-local vacuum energy that is inherent to the space,i.e., p® o 1 /r%. Such a background field with energy
density p(® has deep implications for our understanding of the space-time structure at very large scales of length
(cosmological scales),since p?) does not have r-dependence,i.e,it remains for r — oo.

In the next section,we will estimate the constant £ and consequently the idea of a universal minimum speed
in the space-time. Its cosmological implications will be treated in section 8.

IV. THE FINE ADJUSTMENT CONSTANT ¢ AND ITS IMPLICATIONS

Let us begin this section by considering the well-known problem that deals with the electron at the bound
state of a coulombian potential of a proton (Hydrogen atom). We start from this subject because it presents
certain similarity with the present model for the electron coupled to a gravitational field. We know that the fine
structure constant (ap = 1/137) plays an important role for obtaining the energy levels that bond the electron
to the nucleus (proton) in the Hydrogen atom. Therefore,in a similar way to such an idea,we plan to extend it
in order to see that the fine coupling constant ¢ plays an even more fundamental role than the well-known fine
structure ap,by considering that & couples gravity to the electromagnetic field of the electron charge.

Let’s initially consider the energy that bonds the electron to the proton at the fundamental state of the
Hydrogen atom,as follows:

1
AFE = 504%:77%02, (34)

where AFE is assumed as module. We have AE << mgc?, where myq is the electron mass,which is practically
the reduced mass of the system (u =~ mg).

We have ap = e?/hc = ¢?/4meohc ~ 1/137 (fine structure constant). Since moc® = 0.51 Mev,we have
AFE ~ 13.6eV.
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Since we already know that Ey = mgc® = cepesobsove,s0 we may write (34) in the following alternative way:

1 1 1
AE = 504%0606501?50?16 = §CEQ(CYF€50)(CYF1)50)’U€ = 5060(A€5)(Ab5)’1)€, (35)

from where we extract

Aeys = apeyy, Abs = apby. (36)

It is interesting to observe that (36) maintains a certain similarity with (30),however first of all,we must
emphasize that the variations Aes and Abg for the electron energy have a purely coulombian origin,since the
fine structure constant ar depends solely on the electron charge. Thus we can write the electric force between
two electronic charges in the following way:

2 2
e q arhc
Fo=—= £ = 37
C 2 Adwegr? r2 ’ (37)
where e = q.//4meg.
If we just consider a gravitational interaction between two electrons,we would have
Gm?  fBrhe

Fg = ,],,26 = T2 ) (38)

from where we obtain

Gm?

=€, 39
b= (39)

We have fr << ap due to the fact that the gravitational interaction is much weaker than the electric one,so
that F./Fy = ap/Br ~ 10%2,where B = 1.75 x 10~%5. Therefore we shall call 3! the superfine structure con-
stant ,since gravitational interaction creates a bonding energy extremely smaller than the coulombian bonding
energy considered for the fundamental state (AF) in the Hydrogen atom.

To sum up,whereas ar(e?) provides the adjustment for the coulombian bonding energies between two elec-
tronic charges, Br(m?) gives the adjustment for the gravitational bonding energies between two electronic
masses. Such bonding energies of electrical or gravitational origin increment the particle energy through Aeg
and Ab,.

Now,following the above reasoning,we notice that the present model enables us to introduce the very fine-
tuning (coupling) & between gravity (a gravitational potential generated by the mass m.) and electrical field
(electrical energy density generated by the charge g. (refer to (30))). Thus for such more fundamental case,we
have a kind of bond of the type m.g. (mass-charge) through the adjustment (coupling) £. So the subtleness
here is that the bonding energy density due to £,by means of the increments 6 E and §B (see (30), (31),(32) or
(33)) occurs on the electric and magnetic fields generated by the charge ge.

Although we could show a laborious and step by step problem for obtaining the constant £,the way we follow
here is shorter because it starts from important analogies by using the ideas of fine structure ar = ar(e?),i.e.,an
eletric interaction (charge-charge ) and also superfine structure 8r = Br(m?2),i.e.,a gravitational interaction
(mass-mass ). Hence,now it is easy to conclude that the kind of mixing coupling we are proposing,of the type
“meqe” (mass-charge) represents a gravi-electrical coupling constant,which leads us naturally to think that such
a constant ¢ is of the form £ = £(meqe),and therefore meaning that

I we must not mistake superfine structure B with hyperfine structure (spin interaction), as they are completely different.
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§ = vVarpBr, (40)

which represents a geometrical average between electrical and gravitational couplings. Thus,from (40) we finally
obtain

- G meq67 (41)

dmwey  he

where indeed we have £ = £(mege) X Mege. From (41) we obtain £ 2 3.57 x 10724, Let us call ¢ fine adjustment
constant. The quantity vGm, in (41) can be thought of as a gravitational charge ey,50 that &€ = ege/he. 2

In the Hydrogen atom,we have the fine structure constant ar = €?/hc = vg/c, where vg = €2/h = ¢/137.
This is the velocity of the electron at the atom fundamental level (Bohr velocity). At this level,the electron
does not radiate because it is in a kind of balance state,in spite of its electrostatic interaction with the nucleus
(centripete force),namely it works effectively like an inertial system. Hence, following an analogous reasoning
for the more fundamental case of the constant £,we may also write (41) as the ratio of two velocities,as follows:

; (42)

from where we have

.t | G mege
V=ie= B Vdwey h (43)

where V 22 1.07 x 1071°m/s. In the newtonian (classical) universe,where ¢ — oo and V — 0,we have £ — 0.
So the coupling of fields does not exist. Under Einstein’s theory (relativistic theory),V — 0 and we also
have ¢ — 0,where,although electrodymanics is compatible with relativistic mechanics,gravitation is still not
properly coupled to electrodynamics at quantum level. In the present model that breaks Lorentz symmetry,where
& ~ 1024 gravitation is coupled to electrodynamics of moving particles. The quantum uncertainties should
naturally arise from such a symmetric space-time structure (V' < v < ¢),which will be denominated Symmetrical
Special Relativity (SSR) due to the existence of two limits of speed.

Similarly to the Bohr velocity (vp) for fundamental bound state,the speed V is also a universal fundamental
constant,however the crucial difference between them is that V' is associated with a more fundamental bound
state in the Universe as a whole,since gravity (G),which is the weakest interaction plays now an important role
for the dynamics of the electron (electrodynamics) in such a space-time. This may be observed in (43) because,if
we make G — 0,we would have V' — 0 and so we will recover the case of the classical vacuum (empty space or
no background field).

Our aim is to postulate V' as an unattainable universal (constant) minimum speed associated with a privileged
frame of background field,but before this,we must provide a better justification of why we consider the electron
mass and charge to calculate V' (V' o m.q.),instead of masses and charges of other particles. Although there
are fractionary electric charges as the case of quarks,such charges are not free in Nature for bonding only
with gravity. They are strongly connected by the strong force (gluons). Actually the charge of the electron
is the smallest free charge in Nature. Besides this, the electron is the elementary charged particle with the
smallest mass. Therefore the product m.g. assumes a minimum value. And in addition to that, the electron
is completely stable. Other charged particles such as for instance 7+ and 7~ have masses that are greater
than the electron mass, and they are unstable,decaying very quickly. Such a subject may be dealt with more
extensively elsewhere.

2 we write (33) as pz‘l’é%mmag = %[eoEz—l-th]—i-%[eoEeso—i-%Bbso](\/,/go —1)+%(%)2[50(650)2-%%(bso)z}(\/w/g() —1)2.
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We could think about a velocity Gm?2/h (<< V) that has origin from a purely gravitational interac-
tion,however such a much lower bound state does not exist because the presence of electromagnetic interactions
is essential at subatomic level. And since neutrino does not interact with electromagnetic field,it cannot be
considered to estimate V.

Now we can verify that the minimum speed (V') given in (43) is directly related to the minimum length of
quantum gravity (Planck length),as follows:

VGmee c3
V = 7]}]/ = (mee ﬁ)lzh (44)

where I, = /Gh/c3.

In (44),as I, is directly related to V, if we make I, — 0 by considering G — 0,this implies V' — 0 and thus
we restore the case of the classical space-time in Relativity.

Now we can notice that the universal constant of minimum speed V' in (44),associated with very low energies
(very large wavelengths) is directly related to the universal constant of minimum length I, (very high ener-
gies),whose invariance has been studied in DSR by Magueijo,Smolin,Camelia et al [20-25]. So there should be
a connection between quantum gravity at very high energy scales (Ep) and a quantum gravity at large length
scales (very low energy scales for v — V) to be deeply investigated in the future.

The natural consequence of the presence of a more fundamental level associated with V' in the space-time
is the existence of a privileged reference frame of background field in the Universe. Such a frame should be
connected to a kind of vacuum energy that is inherent to the space-time (refer to p® in equation (33)). This
idea reminds us of the conceptions of Mach[2], Schroedinger|3] and Assis|7],although such conceptions are still
within the classical context.

Since we are assuming an absolute and privileged reference frame (V'), which is underlying and also inherent
to the whole space-time geometry,we shall call it ultra-referential-Sy. By drawing inspiration from some of the
non-conventional ideas of Einstein in relation to the “ether”|[g],let us assume that such an ultra-referential of
background field Sy ,which in a way redeems his ideas,introduces a kind of relativistic “ether” of the space-time.
Such a new concept has nothing to do with the so-called luminiferous ether (classical ether) established before
Relativity theory.

The present idea about a relativistic “ether” for the ultra-referential Sy aims at the implementation of the
quantum principles (uncertainties) in the space-time. This line of investigation resumes those non-conventional
Einstein’s ideas [§][9],who attempted to bring back the idea of a new “ether” that cannot be conceived as
composed of punctual particles and having a world line followed in the time.

Actually such an idea of “ether” as conceived by Einstein should be understood as a non-classical concept of
ether due essentially to its non-locality feature. In this sense, such a new “ether” has a certain correspondence
with the ultra-referential Sy due to its totality as a physical space, not showing any movement. In fact,as Sy
would be absolutely unattainable for all particles (at local level),V would prohibits to think about a perfect plane
wave (Az = o0),since it is an idealized case associated with the perfect equilibrium of a free particle (Ap = 0).
So the ultra-referential Sy would really be non-local (Axz = oo),which is in agreement with that Einstein’s
conception about an “ether” that could not be split into isolated parts and which,due to its totality in the
space,would give us the impression that it is actually stationary. In order to understand better its non-locality
feature by using a symmetry reasoning,we must perceive that such a minimum limit V works in a reciprocal way
when compared with the mazimum limit c,so that particles supposed in such a limit V jin contrast of what would
happen in the limit c,would become completely “ defrosted ” in the space (Ax — 00) and time (AT — 00),being
in anywhere in the space-time and therefore having a non-local behavior. This super ideal condition corresponds
to the ultra-referential Sy ,at which the particle would have an infinite de-Broglie wavelength,being completely
spread out in the whole space. This state coincides with the background field for Sy, however Sy is unattainable
for all the particles.

In vain,Einstein attempted to satisfactorily redeem the idea of a new “ether” under Relativity in various
manners|9, [10, 11, 12, 13, [14] because,in effect,his theory wasn’t still able to adequately implement the quantum
uncertainties as he also tried to do[15,[16, [17],and in this respect,Relativity is still a classical theory,although the
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new conception of “ether” presented a few non-classical characteristics. Actually it was Einstein who coined the
term wultra-referential as the fundamental aspect of Reality. To him,the existence of an ultra-referential cannot
be identified with none of the reference frames in view of the fact that it is a privileged one in respect of the
others. This seems to contradict the principle of Relativity,but,in vain,Einstein attempted to find a relativistic
“ether” (physical-space),that is inherent to the geometry of the space-time,which does not contradict such a
principle. That was the problem because such a new “ether” does not behave like a Galilean reference frame
and therefore it has nothing to do with that absolute space filled by the luminiferous ether,although it behaves
like a privileged background field in the Universe.

The present work seeks to naturally implement the quantum principles into the space-time. Thanks to the
current investigation,we shall notice that Einstein’s non-conventional ideas about the relativistic “ether” and
also his vision|18] of making quantum principles to emerge naturally from a unified field theory become closely
related to each other.

V. A NEW CONCEPTION OF REFERENCE FRAMES AND SPACE-TIME INTERVAL: A
FUNDAMENTAL EXPLANATION FOR THE UNCERTAINTY PRINCIPLE

A. Reference frames and space-time interval

The conception of background privileged reference frame (ultra-referential Sy ) has deep new implications for
our understanding of reference systems. That classical notion we have about the inertial (Galilean) reference
frames,where the idea of rest exists, is eliminated at quantum level, where gravity plays a fundamental role for
such a space-time with a vacuum energy associated with Sy (V oc G'/2/h).

Before we deal with the implications due to the implementation of such a ultra-referential Sy in the space-
time at quantum level,let us make a brief presentation of the meaning of the Galilean reference frame (reference
space),well-known in Special Relativity. In accordance with that theory,when an observer assumes an infinite
number of points at rest in relation to himself he introduces his own reference space .S. Thus,for another observer
S’ who is moving with a speed v in relation to S, there should also exist an infinite number of points at rest at
his own reference frame. Therefore, for the observer S’ the reference space S is not standing still and it has its
points moving at a speed —v. For this reason, in accordance with the principle of relativity,there is no privileged
Galilean reference frame at absolute rest,since the reference space of a given observer becomes movement for
another one.

The absolute space of pre-einsteinian physics,connected to the ether in the old sense,also constitutes by itself
a reference space. Such a space was assumed as the privileged reference space of the absolute rest. However,as
it was also essentially a Galilean reference space like any other, comprised of a set of points at rest,actually it
was also subjected to the notion of movement. The idea of movement could be applied to the “absolute space”
when, for instance,we assume an observer on Earth, which is moving with a speed v in relation to such a space.
In this case,for an observer at rest on Earth,the points that would constitute the absolute space of reference
would be moving at a speed of —v. Since such an absolute space was connected to the old ether,the Earth-bound
observer should detect a flow of ether —v,however the Michelson-Morley experiment has not detected such an
ether.

Einstein has denied the existence of the ether associated with a privileged reference frame because it has
contradicted the principle of relativity. Therefore this idea of a Galilean ether is superfluous,as it would also
merely be a reference space constituted by points at rest,as well as any other. In this respect,there is nothing
special in such a classical (luminiferous) ether.

However,motivated by the provocation from H. Lorentz and Ph. Lenard Lorentz|],Einstein attempted to
introduce several new conceptions of a new “ether” , which did not contradict the principle of relativity. After
1925,he started using the word “ether” less and less frequently,although he still wrote in 1938: “This word
‘ether’” has changed its meaning many times,in the development of Science... Its history,by no means finished,is
continued by Relativity theory(10]... 7.

In 1916,after the final formulation of GR,Einstein proposed a completely new concept of ether. Such a new
“ether” was a relativistic “ether” ,which described space-time as a sui generis material medium,which in no
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way could constitute a reference space subjected to the relative notion of movement. Basically,the essential
characteristics of the new “ether” as interpreted by Einstein can be summarized as follow:

-It constitutes a fundamental ultra-referential of Reality,which is identified with the physical space,being a
relativistic ether,i.e., it is covariant because the notion of movement cannot be applied to it,which represents a
kind of absolute background field that is inherent to the metric g, of the space-time.

-1t is not composed of points or particles,therefore it cannot be understood as a Galilean reference space for
the hypothetical absolute space. For this reason,it does not contradict the well-known principle of Relativity.

-1t is not composed of parts,thus its indivisibility reminds the idea of non-locality.

-It constitutes a medium which is really incomparable with any ponderable medium constituted of parti-
cles,atoms or molecules. Not even the background cosmic radiation of the Universe can represent exactly such
a medium as an absolute reference system (ultra-referential)[19] .

-It plays an active role on the physical phenomena[11] [12]. In accordance with Einstein,it is impossible to
formulate a complete physical theory without the assumption of an “ether” (a kind of non-local vacuum field),
because a complete physical theory must take into consideration real properties of the space-time.

The present work attempts to follow this line of reasoning that Einstein did not finish,providing a new model
with respect to the fundamental idea of unification,namely the electrodynamics of a charged particle (electron)
moving in a gravitational field.

As we have interpreted the lowest limit V' (formulas (43) and (44)) as unattainable and constant (invari-
ant),such a limit should be associated with a privileged non-Galilean reference system,since V' must remain
invariant for any frame with v > V. As a consequence of such a covariance of the relativistic “ether” Sy new
speed transformations will show that it is impossible to cancel the speed of a particle over its own reference
frame,in such a way to always preserve the existence of a magnetic field B for such a charged particle. Thus
we should have a speed transformation that will show us that “v —v” >V for v > V (see section 6), where the
well-known constancy of ¢ remains,i.e.,“c — ¢’ = ¢ for v = c.

Since it is impossible to find with certainty the rest for a given non-Galilean reference system S’ with a speed
v with respect to the ultra-referential Sy i.e., “v —v” # 0(> V) (section 6),consequently it is also impossible
to find by symmetry a speed —v for the relativistic “ether” when an “observer” finds himself at the reference
system S’ assumed with v. Hence,due to such an asymmetry,the flow —v of the “ether” Sy does not exist
and therefore,in this sense,it maintains covariant (V). This asymmetry breaks that equivalence by exchange
of reference frame S for S’ through an inverse transformation. Such a breakdown of symmetry by an inverse
transformation breaks Lorentz symmetry due to the presence of the background field for Sy (section 6).

There is no Galilean reference system in such a space-time, where the ultra-referential Sy is a non-Galilean
reference system and in addition a privileged one (covariant),exactly as is the speed of light ¢. Thus the new
transformations of speed shall also show that “v+ V" = v (section 6) and “V + V" =V (section 6).

Actually,if we make V' — 0,we therefore recover the validity of the Galilean reference frame of Special
Relativity (SR),where only the invariance of ¢ remains. In this classical case (SR),we have reference systems
constituted by a set of points at rest or essentially by macroscopic objects. Now,it is interesting to notice that
SR contains two postulates which conceptually exclude each other in a certain sense,namely:

1) -the equivalence of the inertial reference frames (with v < ¢) is essentially due to the fact that we have
Galilean reference frames,where v,..; = v—v = 0, since it is always possible to introduce a set of points at relative
rest and,consequently,for this reason,we can exchange v for —v by symmetry through inverse transformations.

2) -the constancy of c,which is unattainable by massive particles and therefore it could never be related to a
set of infinite points at relative rest. In this sense, such “referential”(c),contrary to the 1st. one,is not Galilean
because we have “c — ¢’ # 0 (= ¢) and,for this reason,we can never exchange c for —c.

However,the covariance of a relativistic “ether” Sy places the photon (c¢) in a certain condition of equality
with the motion of other particles (v < ¢),just in the sense that we have completely eliminated the classical
idea of rest for reference space (Galilean reference frame) in such a space-time. Since we cannot think about
a reference system constituted by a set of infinite points at rest in such a space-time,we should define a non-
Galilean reference system essentially as a set of all those particles which have the same state of motion (v) in
relation to the ultra-referential-Sy of the relativistic “ether”. Thus SSR should contain 3 postulates as follow:

1) -the constancy of the speed of light (c).
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FIG. 1: Sy is the covariant ultra-referential of background field (relativistic “ether”). S represents the non-Galilean
reference frame for a massive particle with speed v in relation to Sy ,where V < v < c. S’ represents the non-Galilean
reference frame for a massive particle with speed v’ in relation to Sy. In this case,we consider V < v < v’ <e.

2) -the non-equivalence (asymmetry) of the non-Galilean reference frames, i.e.,we cannot exchange v for —v by
the inverse transformations, since “v—v" > V(o< v/G/h), which breaks Lorentz symmetry due to the universal
background field associated with Sy .

3) -the covariance of a relativistic “ether” (ultra-referential Sy ) associated with the unattainable minimum
limit of speed V.

The three postulates described above are compatible among themselves, in the sense that we completely
eliminate any kind of Galilean reference system for the space-time of SSR.

Figure 1 illustrates a new conception of reference systems in SSR.

Under SR, there is no ultra-referential Sy ,i.e.,V — 0. Hence,the starting point for observing S’ is the reference
frame S,at which the classic observer thinks he is at rest (Galilean reference frame 5).

Under SSR,the starting point for obtaining the actual motion of all particles of S’ is the ultra-referential
Sy (see Fig.1). However,due to the non-locality of Sy ,that is unattainable by the particles,the existence of
an observer (local level) at it (Sy) becomes inconceivable. Hence,let us think about a non-Galilean frame
So for a certain intermediate speed mode (V << wg << ¢) in order to represent the starting point at local
level for “observing” the motion of S’ across the ultra-referential Sy. Such a frame Sy (for vy with respect
to Sy (Fig.2)) plays the similar role of a “rest”,in the sense that we restore all the newtonian parameters of
the particles,such as the proper time interval At i.e., At(v = vg)=A7,the mass my, i.e.,m(v = vg) = mg,among
others. Therefore Sy plays a role that is similar to the frame S under SR,where At(v = 0) = Ar,m(v = 0) = my,
etc. However here in SSR,the classical relative rest (v = 0) of S should be replaced by a universal “quantum
rest” vo(# 0) of the non-Galilean frame Sy. We will show that vy is also a universal constant. In short,Sy is
a universal non-Galilean reference frame with speed vy given with respect to Sy . At Sp,the well-known proper
mass (mg) or proper energy Eg = moc® of a particle is restored. This means that,at such a frame Sp, we have
the proper energy E = Ey = moc? = moc?¥(vg),such that ¥(vg) = 1,as well as y(v = 0) = 1 for the particular
case of Lorentz transformations,where V' — 0. So we will look for the general function ¥(v) of SSR,where we
have E = moc?¥(v). In the limit V' — 0, indeed we expect that the function ¥(v) — v(v) = (1 — v?/c?)~1/2
(see Fig.7).

By making the non-Galilean reference frame S (Fig.1) coincide with Sy,we get Figure 2.

In general,we should have the total interval V' < v < ¢ for S’ (Fig.2). In short we say that both of the frames
Sy and Sy are already fixed or universal,whereas S’ is a rolling frame to describe the variations of the moving
state of the particle within such a total interval. Since the rolling frame S’ is not a Galilean one due to the
impossibility to find a set of points at rest on it,we cannot place the particle exactly on the origin O’ since
there would be no exact location on 2’ = 0 (O’) (an uncertainty Az’ = O’C: see Figure 3). Actually we want
to show that Az’ (Fig.3) is a function which should depend on speed v of S’ with respect to Sy ,namely,for
example,if S — Sy (v — V),then we should have Az’ — oo (infinite uncertainty),which is due to the non-local
aspect of the ultra-referential Sy,. On the other hand,if S’ — S.(v — ¢),then we should have Az’ — 0 (much
better located on O"). Thus let us search for a function Az’ = Az'(v) = Azl starting from Figure 3.
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FIG. 2: As So is fized (universal),being vo(>> V') given with respect to Sv,we should also consider the new interval
V (Sy) < v (S) < wo (So). This non-classical regime for v introduces a new symmetry in the space-time,leading to
SSR. Thus we expect that new and interesting results take place. In such an interval (V < v < wo),we will see that

0 < U(v) <1 (see equations (60),(72) and Fig.7).
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FIG. 3: We have four imaginary clocks associated with non-Galilean reference frames So, S’, the ultra-referential Sy
(for V') and also Sc (for ¢). We observe a new result,namely the proper time (interval At) elapses much faster closer to
infinite (AT — oco) when one approzimates to Sy. On the other hand,it tends to stop (AT — 0) when v — c¢,providing
the strong symmetry for SSR. Here we are fizing At (A(to)) and letting AT vary.

At the frame S’ in Fig.3,let us consider that a photon is emitted from a point A at y/,in the direction AO’.
This occurs only if S” were Galilean (at rest over itself). However,since the electron cannot be thought of as
a point at rest on its proper non-Galilean frame S’,and cannot be located exactly on (,its non-location O'C
(= Ax!)(see Fig.3) causes the photon to deviate from the direction AO’ to AC. Hence,instead of just the
segment AQ’ a rectangular triangle AO’C' is formed at the proper non-Galilean reference frame S’,where it is
not possible to find a set of points at rest.

From the non-Galilean frame Sy (“quantum rest”),which plays the role of S, from where one “observes” the
motion of S’ across Sy,one can see the trajectory AB for the photon. Thus the rectangular triangle AO’'B is
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formed. Since the vertical leg AO’ is common to the triangles AO'C' (for S’) and AO’B (for Sy = S),we have

(40"’ = (AC)* - (O'C)? = (AB)* — (O'B), (45)

or else

(cAT)? — (Az))? = (cAtg)? — (vAto)?. (46)

If Ax'(v) = Azl, =0 (V — 0= Sy = Sp(= 5)), we go back to the classical case (SR),where we consider for
instance a train wagon (S’),which is moving in relation to a fixed rail (S). At a point A on the ceiling of the
wagon,there is a laser that releases photons toward y’,reaching the point O assumed in the origin of S’ (on the
floor of the train wagon). For Galilean-S’ the trajectory of the photon is AO’. For Galilean-S,its trajectory is
AB.

Since Az is a function of v,assumed as a kind of “displacement” (uncertainty) given on the proper non-
Galilean reference frame S’,we may write it in the following way:

(Az,) = f(v)Ar, (47)

where f(v) is a function of v, which also presents dimension of velocity,i.e.,it is a certain velocity in SSR,which
could be thought of as a kind of internal motion vy, of the particle,being responsible for the increasing or
dilation (stretch) of an internal dimension of the particle on its own non-Galilean frame S’. Such an internal
dilation is given by the non-classical “displacement” Az! = O’C (see Fig.3). This leads us to think that there
is an uncertainty of position for the particle,as we will see later. Hence,substituting (47) into (46),we obtain

A7l — M]% = At(1 - f)%, (48)

where we use the notation Aty or At (Sy = 5),and where we have f(v) = v, to be duly interpreted.

Thus,since we have v < ¢,we should have f(v) < ¢ in order to avoid an imaginary number in the 1st. member
of (48).

The domain of f(v) is such that V' < v < ¢. Thus,let us also think that its image is V < f(v) < ¢,since f(v)
has dimension of velocity and also represents a speed v;,; (internal motion), which also must be limited for the
extremities V and c.

Let us make [f(v)]?/c? = f?/c* = v2,/c® = a?, whereas we already know that v?/c? = 2. wv is the
well-known external motion (spatial velocity). Thus we have the following cases originated from (48),namely:

- (i) When v — ¢ (8 — fBmaxs = 1),the relativistic correction in its 2nd. member (right-hand side) pre-
vails,whereas the correction on the left-hand side becomes practically neglected,i.e.,we should have v;,; =
fv) << e,where limy, o f (V) = foin = Wint)min = V (@ = Qmin = V/c = &). € 2 3.57 x 10724 (refer to (41)).

-(ii) On the other hand,due to idea of symmetry,if v — V (8 — Bmin = V/c = £),there is no substantial
relativistic correction on the right-hand side of (48),whereas the correction on the left-hand side becomes now
considerable,namely we should have lim,—v f(v) = fimar = Wint)maz = ¢ (@ = Qmaz = 1).

In short,from (i) and (ii),we observe that,if v — Ve = ¢, then f — frin = (Vint)min = V,and if v — v =
V, then f — fiaz = (Vint)maz = ¢. S0 now we perceive that the internal motion v;,: (= f(v)) works like a
reciprocal speed (vge.) in such a symmetrical structure of space-time in SSR. In other words,we notice that the
(external or spatial) velocity v increases to ¢ whereas the internal (reciprocal) one (vint = Vgee) decreases to V.
On the other hand,when v tends to V(Sy),vin: tends to ¢,leading to a large internal stretch (uncertainty Ax))
due to a non-locality behavior much closer to the ultra-referential Sy. Due to this fact,we reason that

f(l)) = Vint = VRec = %; (49)
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where a is a constant that has dimension of square speed. Such a reciprocal velocity vge. will be better
understood later. It is interesting to know that a similar idea of considering an internal motion for microparticles
was also thought by Natarajan|26].

In addition to (48) and (49),we already know that,at the referential Sy (see Fig.2 and Fig.3),we should have
the condition of equality of the time intervals,namely At = A7 for v = vp,which,in accordance with (48),occurs
only if

[f(vo)]2 g

2 = C—g <~ f(’UQ) = Vo (50)

By comparing (50) with (49) for the case v = vg,we obtain

a=v} (51)

Substituting (51) into (49),we obtain

f(’U) = VUint = VRec = (52)

< |o§w

According to (52) and also considering (i) and (ii),indeed we observe respectively that f(c) =V =vZ/c (V is
the reciprocal velocity of ¢) and f(V) = ¢ = v2/V (c is the reciprocal velocity of V'),from where we immediately
obtain

v = VeV (53)

~

As we already know the value of V' (refer to (43)) and c,we obtain the velocity of “quantum rest” vy =
5.65 x 10~%m//s,which is also universal just because it depends on the universal constants ¢ and V. However,we
must stress that only ¢ and V' remain invariant under speed transformations in such a space-time of SSR.

Finally,by substituting (53) into (52) and after into (48),we finally obtain

2 2
An/l—‘;—Q:At 1—2—2, (54)

where a = f(v)/c = vint/c = V/v and = v/c inside (54). In fact,if v = vy = VeV in (54),50 we have AT = At.
Therefore we conclude that Sy (vg) is the intermediate (non-Galilean) reference frame such that,if:

a) v >> vy (v — ¢)= At >> Ar: It is the well-known time dilation .

b) v << vy (v — V) = At << A7: Let us call this new result contraction of time . This shows us the novelty
that the proper time interval (A7) is variable,so that it may expand in relation to the improper one (At in Sp).
AT is an intrinsic variable for the particle on its proper non-Galilean frame S’. Such an effect of dilation of AT
with respect to At would become more evident only for v — V (Sy ),since we would have A7 — oo in such a
limit Sy . In other words,this means that the proper time (S”) would elapse much faster than the improper one
at So.

In SSR,it is interesting to notice that we restore the newtonian regime when V' << v << ¢,which represents
an intermediate regime of speeds,where we can make the approximation A7 ~ At.

Substituting (52) into (47) and also considering (53),we obtain

2
O'C = A, = vy AT = vpeeAr = LAT = %AT = acAr (55)

Actually we can verify that,if V' — 0 or vy — 0,this implies O'C = Axz! = 0, restoring the classical case
(SR),where there is no such an internal motion. And also,if v >> vg,this implies Az =~ 0,i.e.,we have an
approximation where the internal motion is neglected.
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From (55),it is important to observe that,if v — ¢,we have Az'(c) = VA7 and,if v — V (Sy), we have
Az’ (V) = ¢Ar. This means that,when the particle momentum with respect to Sy increases (v — c¢),it becomes
much more localized upon itself over O’ (VAT — 0) and,when its momentum decreases (v — V'),it becomes much
less localized over O’ because it gets much closer to the non-local ultra-referential Sy ,where Az! = Az . =
0'Caz = ¢AT — co. Thus,now we begin to perceive that the velocity v (momentum) and the position (non-
localization Azl = vge.AT) operate 1ike mutually reciprocal quantities in such a space-time of SSR,since the
non-localization is Az! o vge. o< v™1 (see (49) or (52)). This really provides a basis for the fundamental
comprehension of the quantum uncertainties in a context of objective reality of the space-time,according to
Einstein’s vision[18].

It is very interesting to observe that we may write Az in the following way:

Ayl — (VAT)(cAT) _ AzlAx)
v VAT Ay

(56)

where VAT = Axf, cAT = Azly and vAT = Az). We also know that cAty = cAt = Azy and vAty = vAt = Az,
for the frame S(= Sp). So we write (46) in the following way:

/2 /2
Azt Az

AII2 _
4 Az’?

= Az? — Az?, (57)
where Azf corresponds to a fifth dimension of temporal nature. Therefore we may already conclude that the new
geometry of space-time has three spatial dimensions (z1, x2, x3) plus two temporal dimensions (cAt, VA7), being
V AT normally hidden. However,we will perceive elsewhere that we can also describe such a space-time in a
compact form as effectively a 4-dimensional structure,because VAT and cAt represents two complementary
aspects of the same temporal nature, and also mainly because VA7 appears as an implicit variable for the
space-time interval cA7 (see (61), (62) or (63)).

If Azf — 0 (V — 0),we restore the invariance of the 4-dimensional interval in Minkowski space as a particular
case,that is,AS? = Az? — Az? = AS™? = Azl

As we have Az! > 0,we observe that AS"? = Az/? > AS? = Az — Az?. Hence,we may write (57),as follows:

AS"? = AS? + Azl (58)

where AS’ = AC, Az!, = O'C and AS = AQ’ (refer to Fig.3).

For v >> V or also v — c,we have AS" =~ AS, hence § ~ § (see Fig.3). In macroscopic world (or very large
masses),we have Az; = Axf = 0 (hidden dimension),hence § = § = AS" = AS. The quantum uncertainties
can be neglected in such a particular regime (Galilean reference frames of SR).

For v — V,we would have AS" >> AS, where AS’ ~ cAr,with A7 — 0o and 6§ — 7. In this new relativistic
limit (relativistic “ether” Sy ),due to the maximum non-localization Az! — oo,the 4-dimensional interval AS’
loses completely its equivalence in respect to AS,because 5th dimension (VA7) increases drastically much closer
to such a limit,i.e.,Axf — co. So it ceases to be hidden for such very special case.

Equation (58) or (57) shows us a break of the 4-interval invariance (AS’ # AS),which becomes noticeable
only at the limit v — V (Sy). However,a new invariance is restored when we implement a 5th.dimension (zf)
to be intrinsic to the particle (frame S’) through the definition of a new (effective) general interval,where the
interval VA7 appears as an implicit variable,namely:

— VAS? A = Axy |1 - A:”,g Ary/1- =, (59)
such that AS5 = AS (see (58)).

We have omitted the index / for Axs,as such an interval is given only at the non-Galilean proper reference
frame (S’),that is intrinsic to the particle. Actually such a 5-interval or simply an effective 4-interval cArx =
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cATv1 — a? guarantees the existence of a certain effective internal dimension for the electron. However,from a
practical viewpoint,for experiments of higher energies,the electron approximates more and more to a punctual
particle,since Axs becomes hidden. So in order to detect its internal dimension, it should be at very low
energies,namely very close to Sy .

Comparing (59) with the left side of equation (54),we may alternatively write

At = UAT = % - ATLI_ ; (60)

/1-Vv2
where AS; is the invariant effective interval given at the frame S’. We have ¥ = ¥Yl=a2 — 2 and

Vi e
m 1/ er

alternatively,we can also write ¥ = since @ = V/v = Bint = Vit /c and = v/¢c = iy =

\/1 a

V/Vint,from where we get vipt = VRee = cV/v = vo/v (see (52)). Only for v = vg,we obtain vy = v = vp.
Although we cannot obtain directly v;,; by any experiment (just the uncertainty Az is obtained),we could also
use W in its alternative form ¥(v;,.). However,let us use ¥(v).

For v >> V we get At ~ yA7,where ¥ ~ v = (1 — 52)"1/2,

Substituting (55) into (46) and using the notation Aty = At,we obtain

Ulnt

RAR = ﬁ[czAtz — AL, (61)

from where,we also obtain the equation (54).
By placing (61) in a differential form and manipulating it,we will obtain

V2 dr?
(1- — c? 62
20 -V (62)
We may write (62) in the following alternative way:
dS? 2
63
S ut=d (63)

where dS5 = cy/1 — Z—;dr.
Equation (62) shows us that the speed related to the marching of time (“temporal-speed”),which is v; =

1-—- V—;%, and the spatial speed,which is v in relation to the background field for Sy form respectively the

vertical and horizontal legs of a rectangular triangle.

We have ¢ = (v} + v?)'/2,which represents the spatio-temporal velocity of any particle (hypothenuse of
the triangle=c). The novelty here is that such a space-time implements the ultra-referential Sy. Such an
implementation arises at the vertical leg v, of such a rectangular triangle.

We should consider 3 importants cases as follow:

a) If v = ¢,then v, ~ 0,where ¥ >> 1,since At >> A7t (dilation of time).

b) If v = vy = VeV then v; = \/c2 — v2,where ¥ = ¥ = U(vg) = 1, since At = A7 ( “quantum rest” Sp).

¢) If v = V then v, & v/c2 — V2 = ¢y/1 — €2, where ¥ << 1since At << AT (contraction of time ).

In SR,when v = 0,we have v; = Vymee = ¢. However,in accordance with SSR, due to the existence of a
minimum limit V' of spatial speed for the horizontal leg of the triangle,we see that the maximum temporal-
speed iS Vymaee < c. This means that we have vy, = cy/1 — &2, Such a result introduces a strong symmetry
in such a space-time of SSR,in the sense that both of spatial and temporal speeds ¢ become unattainable for all
massive particles.
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FIG. 4: The external and internal conical surfaces represent respectively ¢ and V ,where V' is represented by the dashed line,

that is a definitely prohibited boundary. For a point P in the interior of the two conical surfaces,there is a corresponding
internal conical surface,such that V < vp < c.

The speed v = ¢ is represented by the photon (massless particle), whereas v = V' is definitely inaccessible for
any particle. Actually we have V' < v < ¢,but,in this sense,we have a certain asymmetry,as there is no particle
at the ultra-referential Sy where there should be a kind of sui generis vacuum energy density (p(2)) to be
studied elsewhere.

In order to produce a geometric representation for that problem (V < v < ¢), let us assume the world line of
a particle limited by the surfaces of two cones,as shown in Figure 4.
A spatial speed v = vp in the representation of light cone shown in Figure 4 (horizontal leg of the rectangular

triangle) is associated with a temporal speed vy = v;p = \/c? — v% (vertical leg of the same triangle) given in
another cone representation,which could be denominated temporal cone (Figure 5).

We must observe that a particle moving just at one spatial dimension always goes only to right or left,since
the unattainable non-null minimum limit of speed V forbids it to stop its spatial velocity (v = 0) in order to
return at this same spatial dimension. On the other hand,in a complementary way to V', the limit ¢ is temporal
in the sense that it forbids to stop the time (temporal velocity v; = 0) and also to come back to the past.
However,if we consider more than one spatial dimension,at least 2 spatial dimensions (zy), the particle can now
return by moving at the additional dimension(s). So SSR provides the reason why we must have more than
one (1) spatial dimension (d > 1) for representing movement in reality,although we could consider 1d just as
a good approximation for some cases in classical space-time of SR (classical objects). Such a minimum limit
V has deep implications for understanding the irreversible aspect of time connected to movement,since we can

now distinguish the motions to right and left in the time. Such an asymmetry generated by SSR really deserves
a deeper treatment elsewhere.

Based on (61) or also by substituting (55) into (46),we obtain
4
AN — v At? = PAT? — U—2A7'2 (64)
v

In (64),when we transpose the 2nd.term from the left side to the right side and divide the equation by At? we
obtain (62) in the differential form. Now,it is important to observe that,upon transposing the 2nd.term from the
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FIG. 5: Comparing this Figure 5 with Figure 4,we notice that the dashed line on the internal cone of Figure 4 (v=1V)
corresponds to the dashed line on the surface of the external cone of this Figure 5,where vi = \/c2 — V2 which represents
a definitely forbidden boundary in this cone representation of temporal speed vi. On the other hand,v = c¢ (photon)
is represented by the solid line of Figure 4,which corresponds to the temporal speed v¢ = 0 in this Figure 5,coinciding
with the vertical axis t. In short,we always have v? + vi = ¢, being v for spatial (light) cone (Figure 4) and v: for
temporal cone represented in this Figure 5,such that an internal point P is related to a temporal velocity vip,where
0 (photon) < wvip(= \/62 —v3) < /2 —V2. The horizontal azis is S5 = cy/1—V2/v?1,s0 that vy = dSs/dt =
c/1 = V2 /v2dr/dt = V/c? — v? (see equation (54)).

right side to the left one and dividing the equation by A72,we obtain the following equation in the differential
form,namely:

2 dt2 4
A=)+ %= (65)

dr? = v?

From (59) and (54),we obtain dS; = cdrv1 — a? = cdt\/1 — 2. Hence we can write (65) in the following
alternative way:

dS? sz wvh 9
43 =0 0 66
dr2 Rec dr2 2 ¢ ( )

We see that equation (65) or (66) reveals a complementary way of viewing equation (62) or (63). This leads
us to that idea of reciprocal space for conjugate quantities. Thus let us write (65) or (66) in the following way:

thRec + ’U??ec = 027 (67)

where vigee = (Vt)int = dSs/dT = ¢y/1 — —gd—,whlch represents an internal (reciprocal) temporal velocity. The

internal (reciprocal) spatial velocity is vin: = Vgee = f(v) = 7" Therefore we can also represent a rectangular
triangle,but now displayed in a reciprocal space. For example, if we assume v — ¢ (equation (62)),we obtain
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VRee = limy_cf(v) — % = V (equation (65)). In this same case,we have vy — 0 (equation (62)) and
Vthee = 25 — /cZ — V2 (equation (65) or (66)). On the other hand,if v — V (eq.(62)),we have vge. — % =c

(eq.(65)),where vy — V2 — V2 (eq.(62)) and (v4)int = Virec — 0 (eq.(65)). Thus we should observe that there
are altogether four cone representations in such a symmetrical structure of space-time in SSR namely:

a1)v = ‘fi—f,in equation (62),
two spatial representations : { Tepresented in Fig.4; (68)

dac; vg . .
b1)VRec = 5= = =2, in equation (65).

_ dSs _ Vidr _ . | 2
a)vy = GE =c\ /1 — =5 =c\/1 -4,

. ) ti 62 ted in Fig.5;
two temporal representations : nequa ZOT;é ) represerz i g - (69)
b2)UtRec:d_T5:c _Z_Zﬁzc\/l_%7

in equation (65).

The chart given in Figure 6 shows us those four representations.
Now,by considering (54),(60),(69) and also looking at a2 and by in Fig.6,we may observe that

vl = AT _ A Gl k =« (time) (70)

_E_\/l—g—; c\/l—‘g—f VtRec

and

1- ¥

At U_ ec ec . —
U= ——= . UR = Uhee | (Energy o« (time)™") (71)
At e i v

From (71),since we have energy F o« W,we write £ = Ey¥,where Ej is a constant of proportionality. Hence,if
we consider Fy = mgc?,we obtain

E = moc? Y—, (72)

where F is the total energy of the particle in relation to the absolute inertial frame of universal background
field Sy . Such a result shall be explored in a coming article about the dynamics of the particles in SSR. In (71)
and (72),we observe that,if v — ¢ = F — oo and At — 0 for At fixed. If v - V = E — 0 and AT — o0, also
for At fixed. If v = vy = VcV = E = Ey = moc? (energy of “quantum “rest””). Figure 7 shows us the graph
for the energy F in (72).

B. The Uncertainty Principle

2
The particle actual momentum (in relation to Sy) is P = Wmgv, whose conjugate value is Az), = 2A7 =

%Atllf_l,where AT = UTIAt (refer to (54)). From Sy it would be possible to know exactly the actual
momentum P and the total energy E of the particle,however,since Sy represents an ultra-referential which is
unattainable (non-local) and also inaccessible for us,so one becomes impossible to measure such quantities with
accuracy. And for this reason,as a classical observer (local and macroscopic) is always at rest (v = 0) in his
proper reference frame S,he measures and interprets E without accuracy because his frame is Galilean,being
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FIG. 6: The spatial representations in ay (also shown in Figure 4) and by are related respectively to velocity v (momentum,)
and position (non-localization Azl = f(V)AT = Vint AT = VRee AT = (V3 /v)AT),which represent conjugate (reciprocal)
quantities in space. On the other hand,the temporal representations in az (also shown in Figure 5) and by are related
respectively to time (o vi) and energy (X viree = (Vt)int < v; '), which represent conjugate (reciprocal) quantities in the
time. Hence we can perceive that such four cone representations of SSR provide a basis for the fundamental understanding
of the two uncertainty relations.

related essentially to macroscopic systems (a set of points at rest),whereas on the other handnon-Galilean
reference frames for representing subatomic world in SSR are really always moving for any transformation in
such a space-time and therefore cannot be related to a set of points at rest. Due to this conceptual discrepancy
between the nature of non-Galilean reference frames in SSR (no rest) and the nature of Galilean reference frames
in SR for classical observes (with rest),the total energy E in SSR (eq.(72)) behaves as an uncertainty AE for
such classical observers at rest, i.e.,F (for Sy/) = AFE (for any Galilean-S at rest). Similarly P also behaves as an
uncertainty Ap (P (Sy) = Ap (Galilean-S)) and, in addition,the non-localization Az} as simply an uncertainty
Az. Hence we have

2
A‘T;P = (AxAp)classical observer S — U_OAt\IJ_I\IJmOU = (mOUO)(’UOAt) (73)

v

and
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FIG. 7: wo represents the velocity of “quantum rest” in SSR, from where we get E = Eo = moc?,being Uo = ¥(vp) = 1.

ATE = (ATAE) classical observer S = AtV "o = (moc)(cAt), (74)

where we consider again At fixed and let A7 vary for each case. In obtaining (73) and (74),we also have
considered the relations Az! = éAT, AT = AtU~L P = Umgv and E = Umoc?.

Since we know the actual momentum P of the particle moving across the relativistic “ether”-Sy ,its de-Broglie
wavelength is

v2

h h h Tz

P WUmev  mev [;_ w2 (75)
2

If v —» ¢ = A — 0 (spatial contraction or temporal dilation ),and if v — V = X\ — oo (spatial dilation or
temporal contraction). In such a space-time of SSR,actually we should interpret the spatial scales as wavelengths
A given at the background frame Sy ,in accordance with (75).

The relationship (75) shows us a strong symmetry that enables us to understand the space as an elastic
structure,which is capable of contracting (A — 0 for v — ¢) and also expanding (A — oo for v — V (Sy)).

The wavelength A in (75) may be thought of as being related to the non-localization Az namely A oc Az/,.
Such a proportionality is verified by comparing (55) with (75) and also by considering AT = ¥ ~'At. Hence we
have

2 2 1-2
Ao Axl = DOar =0 V@ (76)
v v 1-v2

where A o< Ax! (= Ax)= Vit AT = VRecAT o (v¥) L. We also make At fixed and let A7 vary,such that 0 <
AT < 0o. Now,we can perceive that the quantum nature of the wave is derived from the internal motion v;,; =
VURee Of the proper particle,since its wavelength for Sy is A o vge.. This leads to a fundamental explanation for
the wave-particle duality in such a space-time of SSR. Natarajan|26] also used a kind of internal motion vy, [26]
of the microparticle to explain in alternative way such a dual aspect of the matter. In approximation for SR,we
have V' — 0 (or also vg — 0),s0 that vge. = 0 = A = 0. Indeed this means that the wave nature of the matter
is not included in SR.
Now let us observe that,if we make v = v in (76) and (75),and then compare these two results,we obtain
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UoAt = ’UQTO ~ )\0 =

~1 7
ovg 1 (77)

where we fix At = Ty ~ #,mo being the electron mass. Ty represents the period of the wave with length
0

Ao,such that Ty ~ 103s. A is a special standard intermediate scale for the frame Sy. Since Ao ~ 1m, indeed it
represents a typical scale of a classical observer (human scale).
Finally,by substituting (77) into (73),we obtain

Azl P = AzAp ~ movoho = h (78)

Now,it is easy to conclude that

ATE = ATAE ~ mocA. = h, (79)

where cAt = T, ~ A\, = mioc (refer to (74)). A. ~ 10~'2m (Compton wavelength for the photon whose
energy mc? (x esbs) must be equivalent to the electron energy moc® (ox esobso),that is,m = mg. In this
case,At =T, ~ W)

It is interesting to notice that i—; = ”—g, where A\g ~ 1Im. It is also very curious to observe that \. = ”—g)\o =

X—O)\o = vy = VcV,which in fact represents a special intermediate point (a kind of aurum point), namely
it represents a geometric average between ¢ and V,where the human scale (A\g ~ 10°m) is really found as an
intermediate scale. Thus we may write A2 = $2A3 = a3A3,such that A2 = ¢X3 ~ 1072%m?2 where we have
BE=at =03/ =V?/v3 =V/c=¢&~ 10724

As we already know the total energy E = mc?¥ and the momentum P= movW¥ at Sy, we can demonstrate
that B2 = ¢2P2 4+ m2¢*(1 — V2 /v?),where W is shown in (71).

VI. TRANSFORMATIONS OF SPACE-TIME AND VELOCITY IN THE PRESENCE OF THE
ULTRA-REFERENTIAL Sy

Let us assume the reference frame S’ with a speed v in relation to the ultra-referential Sy . To simplify,consider
the motion only at one spatial dimension,namely (1 4+ 1)D-space-time with background field Sy. So we write
the following transformations:

da’ = U(dX — Boedt) = U(dX — vdt + Vdt), (80)

where (3, = 3¢ = 3(1 — a),being 8 = v/c and a = V/v,s0 that 3, — 0 forv —V or a — 1. 3

3 Let us assume the following more general transformations: 2/ = 0v(X — ejvt) and ¢ = Oy(t — 2%%), where 0,1 and ey are

factors (functions) to be determined. We hope all these factors depend on «,such that,for « — 0 (V' — 0),we recover Lorentz
transformations (@ = l,e; = 1 and e2 = 1). By using those transformations to perform [¢*t/? — z/2],we find the identity:

(22 — 22 = 0242?12 — 210t X + 220t X — €202 2 + — X?]. Since the metric tensor is diagonal,the crossed terms must
vanish and so we assure that €1 = €2 = €. Due to this fact,the crossed terms (2evtX) are cancelled between themselves and finally
we obtain [c?t? — /2] = 6%2~2(1 — 526—’2’2)[02152 — X?]. For @« — 0 (e = 1 and 6 = 1),we reinstate [c*t'? — 2/2] = [c®t? — 2?] of SR.
Now we write the following transformations:z’ = 0v(X — evt) = 6v(X — vt + 6) and t/ = Oy(t — €Z2X) =0v(t — ”c—); + A),where
we assume 6 = (V) and A = A(V) such that 6 = A = 0 for V — 0,which implies ¢ = 1. So from such transformations
2
we extract: —uvt + §(V) = —evt and —2X + A(V) = EZZX from where we obtain € = (1 — J(V)) (1-=° UA(V))
dimensionaless factor, we immediately concludc that §(V) = Vit and A(V) = XX such that we find e = (1 — —) =(1—-a). On
the other hand,we can determine 6 as follows: 6 is a function of o (6(«)),such that 0 =1 for o = 0,which also leads to € = 1 in

2,252
eav°X
-2

. Aseis a
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B.dX vdX  VdX

dt’ = U (dt — ) = U(dt — (81)

being v = vyx. We have ¥ = \/—Vllﬁ If we make V' — 0 (o — 0),we recover Lorentz transformations,where the

ultra-referential Sy is eliminated and simply replaced by the Galilean frame S at rest for the observer.
The transformations shown in (80) and (81) are the direct transformations from Sy [X* = (X, ict)] to S’
[2" = (2',ict")],where we have 2™ = Q) X" (2" = QX), so that we obtain the following matrix of transformation:

0 (-Zﬂ(llll— . ip(1 . a)\I/) | (82)

such that Q@ — L (Lorentz matrix of rotation) for « — 0 (¥ — +).

We obtain det) = 8:;3; [1 — B2(1 — a)?],where 0 < detQ < 1. Since V (Sy) is unattainable (v > V),this
assures that & = V/v < 1 and therefore the matrix € admits inverse (det? # 0 (> 0)). However 2 is a
non-orthogonal matrix (detQ) # +1) and so it does not represent a rotation matrix (detQ) # 1) in such a
space-time due to the presence of the privileged frame of background field Sy that breaks the invariance of
the norm of 4-vector. Such a break occurs strongly closer to Sy because the particle experiments an enormous
“dislocation” (uncertainty) from the origin O’ of the frame S’ (see Fig.3). This leads to the strong inequality
AS™? >> AS? where Azl — oo for v — V (see (55),(56),(57) and (58)). Actually such an effect (det{2 = 0 for
a &~ 1) emerges from such a new relativistic physics for treating much lower energies at infrared regime (very
large wavelengths),where a new implicit dimension (Azs) ceases to be hidden and then stretches drastically
to the infinite closer to Sy (see (56)). In the limit Sy ,the “particle” would loose its identity,by dissolving
completely in the background field (Az! = c0). So the matrix {2 would become singular (det{) = 0), however,as
such a limit V is unattainable,this really assures the existence of an inverse matrix for Q.

We notice that detf) is a function of the speed v with respect to Sy. In the approximation for v >> V
(o = 0),we obtain det) ~ 1 and so we practically reinstate the rotation behavior of Lorentz matrix as a particular
regime for higher energies. In this case,we find the particle with a more determined position (Az! = 0),which
leads to AS’ = AS. Alternatively,if we make V' — 0 (o — 0),we exactly recover det) = 1 (AS’ = AS, Az, = 0).

The inverse transformations (from S’ to Sy ) are

dX = V'(dx’ + Bucdt’) = V' (dz’ + vdt’ — Vdt'), (83)
Bdz’ vdzx!  Vdx'

dt = ¥'(dt = U'(dt/ - . 84

(@t + D0 a4 20 VA (5)

In matrix form,we have the inverse transformation X# = Q#z" (X = Q~'2’),s0 that the inverse matrix is

Vo Bl - a)\If’) | (85)

a7t = (wu — o)V v/

order to recover Lorentz transformations. So,as € depends on «a,we conclude that 6 can also be expressed in terms of e,namely
6 =0(e) = 9[(1 — a)],where € = (1 — ). Therefore we can write § = 0[(1 — )] = [f(a)(1 — «)]®,where the exponent k > 0. The
function f(«) and k will be estimated by satisfying the following conditions: i) as @ =1 for & = 0 (V' = 0),this implies f(0) = 1.
[f(ot)(lfoi)]’c _ [f(a)(lfa)]k1

(1-82)2 [(1+B)(1-p)]2
(e — 1) in the same way it goes to infinite closer to ¢ (8 — 1). This means that the numerator of the function 6+,which depends
on « should have the same shape of its denumerator,which depends on 8. Due to both conditions,we naturally conclude that

z 1
k=1/2 and f(a) = (1 + a),s0 that gy = [(Fe)A=all? _ (1=a®)? _ VITVE/E _ g where g = T— a2 = \/T= VZ/o2.
[(1+8)(1-8)]2 (1-B2)2 Vi—vZ/c2

ii) the function 6y = should have a symmetry behavior,that is to say it goes to zero closer to V'
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where we can show that U/=0~!/[1 — 3%(1 — a)?],s0 that Q7 1Q = I.

Indeed we have ¥’ # ¥ and therefore Q2! # Q7. This non-orthogonal aspect of {2 has an important physical
implication. In order to understand such an implication,let us consider firstly the orthogonal (e.g: rotation)
aspect of Lorentz matrix in SR. Under SR,we have @ = 0,50 that ¥/ — ~' = v = (1 — $2)~/2. This symmetry
(v =7, L=t = LT) happens because the Galilean reference frames allow us to exchange the speed v (of S’) for
—v (of S) when we are at rest at S’. However,under SSR,since there is no rest at S’ (non-Galilean frame),we
cannot exchange v (of S’) for —v (of Sy) due to that asymmetry (' # ¥, Q=1 # Q). Due to this fact, Sy
must be covariant,namely V' remains invariant for any change of non-Galilean frame. Thus we can notice that
the paradox of twins,which appears due to that symmetry by exchange of v for —v in SR should be naturally
eliminated in SSR,because only the non-Galilean reference frame S’ can move with respect to Sy that remains
covariant (invariable for any change of reference frame).

We have detQ = U2[1 — 5%(1 — a)?] = [(detQ)¥ 2] = [1 — B%(1 — @)?]. So we can alternatively write
U'=U"1/[1 - %1 —a)?] = U1/[(detQ)¥ 2] = ¥/detQ. By inserting this result in (85) for ¥/ ,we will obtain
the relationship between the inverse matrix and the transposed matrix of Q,namely Q=1 = QT /det(2. Indeed
is a non-orthogonal matrix,since we have det{) # +1.

By dividing (80) by (81),we obtain the following speed transformation:

v —v+V
URel = T o o'V (86)
1_6_2 c2

where we have considered vge; = VRelative = d2’/dt’ and v/ = dX/dt. v' and v are given with respect to Sy ,with
URel being related between them. Let us consider v/ > v. If V' — 0,the transformation (86) recovers the Lorentz
velocity transformation,where v’ and v are given in relation to a certain Galilean frame S at rest. Since (86)
implements the ultra-referential Sy ,the speeds v’ and v are now given with respect to Sy, which is covariant
(absolute). Such a covariance is verified if we assume that v = v = V in (86). Thus,for this case,we obtain
VRer = “V — V" = V. Let us also consider the following cases:

a) v =cand v < ¢ = vge = ¢. This just verifies the well-known invariance of c.

b) if v/ > v(=V) = vpag = “v' — V" =v'. For example,if v/ = 2V and v = V = vgq = “2V — V" = 2V.
This means that V really has no influence on the speed of the particles. So V works as if it were an “absolute
zero of movement” being invariant.

) if v/ =v = vpa = “v—0"(#£0) = ﬁ From (c) let us consider two specific cases,namely:
2 v
-¢1) assuming v =V = vge = “V — V”? =V as mentioned before.

-¢g) if v = ¢ = vRe = ¢, where we have the interval V < vge < c for V <wv <e.

This last case (c) shows us in fact that it is impossible to find the rest for the particle on its own non-
Galilean frame S’,where vge(v) (= Av(v)) is an increasing function. However, if we make V' — 0,then we have
Vret = Av = 0 and therefore it would be possible to find the rest for S’ which becomes a Galilean reference
frame (v < ¢) of SR.

By dividing (83) by (84),we obtain

v +ov—-V
VRel = — 777 87
R BT (87)

In (87)ifv  =v=V = “V+V"” =V. Indeed V is invariant,working like an absolute zero point in SSR. If
v’ = ¢ and v < ¢,this implies vre; = ¢. For v/ > V and considering v = V, this leads to vge = v'. As a specific
example,if v/ = 2V and assuming v = V,we would have vgy = “2V+V" =2V. Andif v/ = v = vge = “v+0" =

—20=V __ In newtonian regime (V << v << c),we recover vge = “v+v” = 2v. In relativistic (einsteinian)
1+5(1-¥
regime (v — c),we reinstate Lorentz transformation for this case (v/ = v), i.e.,ugre; = “v +v” = 2v/(1 +v?/c?).

By joining both transformations (86) and (87) into just one,we write the following compact form:

v T ev v Fo(l —a) v TV
URel = 1 vew v'v(l—a) = v'v v’V (88)
T )

c2
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being & = V/v and e = (1 — a). For a =0 (V = 0) or e = 1,we recover Lorentz speed transformations.

In a more realistic case for motion of the electron in SSR,due to the non-zero minimum limit of speed V' for
all directions in the space,actually we should also consider the existence of non-null transverse components v,
and v;,such that vr = v,j + v.k. So,if we also assume that such a transverse motion in 2d (yz) oscillates in
the time (r(t) = vy (t)j + v.(t)k) around z,where the particle has a constant longitudinal motion v = v,,we
obtain an oscillatory (jittery) motion for the electron. This so-called zitterbewegung (zbw) of the electron
was introduced by Schroedinger|21] who proposed the electron spin to be a consequence of a local circulatory
motion,constituting zbw and resulting from the interference between positive and negative energy solutions of
the Dirac equation. Such an issue turned out to be of renewed interest|28] [29]. The present work provides
naturally a more fundamental vision for zbw,whose origin is connected to the vacuum energy from the ultra-
referential Sy ,where now gravity also plays an essential role (V' \/@) We intend to go deeper into such a
subject about more general transformations elsewhere.

VII. COVARIANCE OF THE MAXWELL WAVE EQUATION IN PRESENCE OF THE
ULTRA-REFERENTIAL Sy

Let us assume a light ray emitted from the frame S’. Its equation of electrical wave in this reference frame is

PE@.) 1 oRE
02’2 T2 o =0 (89)

As it is already known,when we make the exchange by conjugation on the spatial and temporal coordinates,we
obtain respectively the following operators: X — 9/0t and t — 9/90X; also 2’ — 9/0t' and ¢’ — 0/0x’. Thus
the transformations (80) and (81) for such differential operators are

0 0 0 0 0
% :\I](E_ﬁca_X +§Ca—X):\I][__ﬁC(1_a)_)]u (90)

J 0 go £0, 0 Ié; 0
o7~ Vox " ear Tear " Vax U ) (1)
where v = B¢, V = &c and € = af3,being o = V/v.

By squaring (90) and (91),inserting into (89) and after performing the calculations, we will finally obtain

0?E 1 0*E 0?E 1 0%E
2 2 2
‘I’[1_5(1_0‘)]<6_X2_c_2ﬁ>_dem<a_xfc_2ﬁ>_O (92)

As the ultra-referential Sy is definitely inaccessible for any particle,we always have a < 1 (or v > V'),which
always implies detQ = ¥2[1 — 3%(1 — @)?] > 0. And as we already have shown in section 6,such a result is in
agreement with the fact that we must have detQ2 > 0. Therefore this will always assure

0%E 1 9%E

ax: zog (93)

By comparing (93) with (89),we verify the covariance of the equation of the electromagnetic wave propagating
in the relativistic “ether” (background field) Sy .
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VIII. COSMOLOGICAL IMPLICATIONS
A. Energy-momentum tensor in the presence of the ultra-referential-Sy

Let us write the 4-velocity in the presence of Sy ,as follows:

\/1—¥—§ va\/l—‘;—f
Ut = \/ =, — |, (94)
-2 c\/1—g—2

where © =0,1,2,3 and a« = 1,2,3. If V — 0,we recover the 4-velocity of SR.
The well-known energy-momentum tensor to deal with perfect fluid has the form

" = (p+eUU" — pg"", (95)

where now U* is given in (94). p represents a pressure and € an energy density.
From (94) and (95),by calculating the new component 7% we obtain

(1-Y) +p(m - 1)

T = (96)
(1-%)
If V — 0,we recover the old component T of the Relativity theory.
Now,in order to obtain 7% in (96) for vacuum limit in the ultra-referential-Sy ,we perform
: 00 00 p(& -1
limy_vT" =T, =" = —p, (97)

vacuum (1 _ 52)

where £ = V/c (see (42)).

As we always must have 79 > 0,we have p < 0 in (97),which implies a negative pressure for vacuum energy
density of the ultra-referential Sy . So we verify that a negative pressure emerges naturally from such new tensor
in the limit of Sy .

We can obtain T . by calculating the following limit:
T#aycuum = limv*’VT‘uU = _pg‘ul,5 (98)
where we naturally conclude that e = —p. T}2 is in fact a diagonalized tensor as we hope to be. So the

vacuum-Sy ,which is inherent to such a space-time works like a sui generis fluid at equilibrium and with negative
pressure,leading to a cosmological anti-gravity connected to the cosmological constant.

B. Cosmological constant A

Let us begin by writing the Einstein equation in the presence of the cosmological constant A namely:

1 81G
R,uu - iRg,uu = C—QT;W + Ag,ul/a (99)
where we think that the anti-gravitational effect due to the vacuum energy has origin from the last term Ag,., .
In the absence of matter (T, = 0),we have

1
R, — §Rgm, —Agu =0 (100)
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For very large scales of space-time,the presence of the term Ag,,, is considerable and the accelerated expansion
of the universe is governed by vacuum energy density. So we can relate A to the vacuum energy density. To do
that,we just use the energy-momentum tensor (95) (from (94)) given in vacuum limit of the ultra-referential Sy
(see (98)). Thus we can rewrite equation (100) in its equivalent form for the energy-momentum tensor given in
the limit of vacuum-Sy ,as follows:

1 877G pac.

Ry — §Rgl“’ ) Tw™ =0, (101)
where T3¢ = limy—vTiw = —pgu (see (98)). And as p = —€ = —€pac. = —p(a) (P = we with w = —1), we
write (101) in the following way:

1 8rG
R, — §Rg#y - 0—2/)(1\)9#1, =0 (102)
Finally,by comparing (102) with (100),we obtain
_ A (103)
P = 871G

which gives the direct relationship between cosmological constant A and vacuum energy density p(x)-

Our aim is to estimate A and p(a) by using the idea of such a universal minimum speed V' and its influence
on gravitation at very large scales of length. In order to study such an influence,let us firstly start from the
well-known simple model of a massive particle that escapes from a classical gravitational potential ¢,where
its total relativistic energy for an escape velocity v is due to the presence of such a potential ¢,namely E =
moc?(1 — v?/c?) ™2 = moc?(1 + ¢/c?). Here the interval of velocity 0 < v < ¢ is associated with the interval
of potential 0 < ¢ < oo,where we stipulate ¢ > 0 to be attractive potential. Now it is very important to
notice that the breakdown of Lorentz symmetry due to Sy of background field has origin in a non-classical
(non-local) aspect of gravitation that leads to a repulsive gravitational potential (¢ < 0) for very large distances
(cosmological anti-gravity). In order to see such a modified aspect of gravitation|3(],let us consider the total
energy of the particle with respect to Sy ,shown in (72),namely:

V2
E— 2 - _ 2 2
= MoC” ——=—— = moc (1+¢/c), (104)
1%
from where we obtain
1V
—2 |V
p=c 1 (105)
’U2
2

From (105),we observe two regimes of gravitational potential namely:

dr: —c < ¢ <0 for V(= &e) < v < v,
¢ = (106)
da: 0< ¢ < oo forvg(=+Ec)<v<e.

¢4 and ¢g are respectively the attractive (classical) and repulsive (non-classical) potentials. We observe that
the strongest repulsive potential is ¢ = —c?,which is associated with a vacuum energy for the ultra-referential
Sy of the universe as a whole (consider v = V in (105)). Therefore such most negative potential is related to
the cosmological constant (see (97)),and so we write:

or = ¢(V) = —¢? (107)
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The negative potential above depends directly on A,namely ¢p = ¢(A) = ¢(V) = —c2. To show that,let us
consider a simple model of spherical universe with a radius R,,,being filled by a uniform vacuum energy density
p(a),50 that the total vacuum energy inside the sphere is Ex = pa)Vy = —pVy = Mac?. V, is its volume and
My is the total dark mass associated with the dark energy for A (w = —1). Therefore the repulsive gravitational
potential on the surface of such a sphere is

GMA Gp(A)Vu . 47TGpRz

e = pe— 1
oA R, R,c? 3c? (108)

By inserting (103) in (108),we find

AR,

on = o(A) =~ (109)

Finally,by comparing (109) with (107),we obtain
6>
A= (110)
where AS, = 24mc? being S, = 47 R2.
And also by comparing (108) with (107),we have
3ct
PN = —P= ma (111)

where p()S, = 3¢*/G. (111) and (110) satisfy (103).

A is a kind of cosmological scalar field, extending the old concept of Einstein about the cosmological constant
for stationary universe. From (110),by considering the Hubble radius,with R, = Ry, ~ 10*m,we obtain
A = Ay ~ (101"m?s72/10°?m?) ~ 10735572, To be more accurate,we know the age of the universe Ty = 13.7
Gyr,being Ry, = ¢TIy ~ 1.3 x 10?m,which leads to Ag ~ 3 x 10735572, This result is very close to the
observational results[31][32]|33][34]|35]. The tiny vacuum energy density[36][37] shown in (111) for Ry, is
P(Ag) R 2 X 10~2%g/cm?,which is also in agreement with observations. For scale of the Planck length,where
R, = lp = (Gh/c*)'/? from (110) we find A = Ap = 6¢°/Gh ~ 1037572, and from (111) Py = Pap) =Ton p =
Apc? /871G = 3c™ JAnG?h ~ 10M13.T/m3(= 3¢t /4nl%G ~ 10%kg f/Sp ~ 101%atm ~ 10%3g/cm?). So just at that
past time,Ap or p(4,) played the role of an inflationary vacuum field with 122 orders of magnitude[38] beyond
of those ones (Ag and p(,,)) for the present time.

It must be emphasized that our assumption for obtaining A starts from fundamental principles (universal
minimum speed V' and its ultra-referential Sy for vacuum energy), and thus it does not depend on detailed
adjustments with cosmological models.

C. The critical radius of exchange of gravity for anti-gravity during expansion of the universe

Let us consider a plane universe,where Q(AO) + Qunatter = 1, being Q(AO) = p(AO)/pcritical ~ 0.7 and Qnatter =
Pmatter/ Peritical = 0.3. As we have obtained p(y,) ~ 2 x 10=2g/cm?,we have periticar = 2.85 x 1072g/cm?,
which leads to pmatter ~ 0.85 X 1072 g/em?®. Actually we see that both p(s,) and ppatter have the same order
of magnitude (~ 1072%g/em?3) and therefore both of the total masses of dark energy (Ag) and matter inside
the Hubble volume Vg, ~ 10™m? are M(r,) ~ Mmatter ~ 10°2Kg. This result is valid just for the present
time of the universe because,as we can see from (111)7M(A) = payVu o< Ry. On the other hand,if Mpatter is
conserved,so there was a long time in the past when M,,4tter > Ma,which means that gravity governed the
expansion of the universe. But at the present time,as M,) has been increasing with R, , anti-gravity overcomes
gravity, leading to an accelerated expansion of the universe. We will attempt to find a critical radius R, so
that gravity is balanced by anti-gravity and thus anti-gravity begins to govern the expansion just for R, > Ry..
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In order to simplify our notation,let us just write Myatter = M and pmatter = p,being Vg = V,,. Now if
we consider that the whole universe is filled by a uniform energy density of attractive matter p,we have M =
pVu/c? = 4mpR3 /3c? ,where V,, is a Hubble spherical volume. On the other hand,the attractive gravitational
potential over the surface of such a sphere (without rotation) is ®(R,) = GM/R, = 4nGpR?/3c? from where
we obtain the average energy density of matter (p), namely:

3Mc?

- TR (112)

p

The Einstein equation without cosmological constant and with the form of mixing components is written as
follows:

, 1, 8rG .,
Making p = v in (113),we find
8rG

where 0f) = 4. T = T}! = T} is the trace of the energy-momentum tensor, R = Rl = R} is the trace of the
Ricci tensor,which represents a scalar curvature. If 7' = 0 (the case of the electromagnetic field,i.e.,a massless
field),this implies R = 0 (null scalar curvature). For (attractive) matter,we obtain T' = € = p and from (114)
we obtain

Rc?

e (115)

p =
Since p > 0,we have R < 0,which means attractive energy of matter (gravity) in contrast to A > 0 (anti-gravity
due to repulsive energy of vacuum).
By comparing (115) with (112),we find

6GM

= =

(116)

being M ~ 102Kg. R (116) can be thought of as a universal scalar curvature for the total attractive mass
M whereas A (110) represents a cosmological repulsive scalar field (vacuum energy). So finally the dynamics
of expansion of the universe is governed by an effective scalar field (curvature) Rer¢ as a result of competition
between gravity (R) and anti-gravity (A),namely:

6GM 62
B TR

Refp=R+A=— (117)

where R o« —1/R3(< 0) and A < 1/R2(> 0). When gravity is balanced by anti-gravity during the cosmological
expansion,we have R.ys = 0,leading to a critical radius R, that satisfies such a condition, namely:

6GM 62
Rea=-S0 L 00 g, (118)
from where we obtain R,. = oo (trivial solution) and R,. = r,/2, where r, = 2GM/c® represents the

Shwarzschild radius of a sphere with mass M. As we have M ~ 10°2Kg, we find the critical radius
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Ryc ~ ry ~ 10%*m, beyond which the accelerated cosmological expansion (anti-gravity) takes place. Thereby,at
the present time,since our universe has a Hubble radius Ry, (~ 10**m) > Ry.(~ 10**m),indeed it is governed
by an accelerated expansion according to observations.

According to (117) we can show that there is a radius R,o > Rye so that Resy reaches a maximum value
before decreasing. For such a radius R,g,the universe has a maximum accelerated expansion. In order to satisfy
this condition,we must have

dR.;;  18GM  12¢2
dR, R} RS

=0, (119)

from where we obtain the non-trivial solution R, = Ryo = 3r,/4 = 3GM/2¢* = (3/2) Ry, being Ry = 14/2.
This leads to the expansion rate Rery = Reffmaz = Reffo = 3202/9r§ ~ 10733572, which has two orders of
magnitude beyond the cosmological constant. In short we conclude that some time after the critical time (R,.) of
transition from gravity to anti-gravity,accelerated expansion of the universe (anti-gravity) reached its maximum
value for R, = 1.5R,.,but after this time it was deacresing until the present time,which is represented by the
cosmological constant. Fig.8 shows the dynamics of cosmological expansion through temporal evolution of the
competition between gravity and anti-gravity.

The function Ref¢. given in (117) should have a correction for very small radius since,close to origin,a very
strong anti-gravity instead of gravity was responsible by the rapid expansion of the universe. Due to this fact,in
order to implement a corrective term into Rcfy,let us consider the following boundary condition: Ref¢(R, =
lp) = Ap = 6¢2/1% (see Fig.8). This means that anti-gravity prevails at the origin whereas gravity (first term
of the function (117)) should vanish. Indeed due to strong fluctuations at Planck length scale [p, we think that
gravity should vanish since we have a null average of M ((M) = 0) at such a minimum scale of length. So we
have to satisfy the conditions as follow: (i) (M) = 0 for R, = lp and (ii) (M) = M for R, >> lp so that
we recover (117) as a good approximation for large scales of length. Although there are an infinite number of
corrective functions that satisfy those conditions,let us consider a more simple function of the form +1/R2 in
order to implement a repulsive gravity just for very small distances, in addition to those known terms —1/R3
(gravity) and +1/R2 (anti-gravity for large distances) given in (117). So we write

2 2
6GM ( lp) 6c* _ 6GMl, 6GM | 6¢ (120)

)R R B TR

u

where we can think that the first (positive) term is associated with ultra-microscopic length scale, the second
(negative) one is associated with intermediate (micro and mesoscopic) scales and the last (positive) one has a
large reach (cosmological scales). We can conclude that (M) = M (1— 1%) as a more simple way for representing
our assumption. If R, >> [p,we recover (117).

According to (120),by considering R.s; = 0,we obtain two transition points (two critical radius),namely R,
already obtained from (117) and R}, as follow:

_1GM | 1GM AL, GM 1,

Ruye = —— 4+ 2~ N =2 121
2 ¢? + 2 2 GM c? 2 (121)
being 1, << GM/c?.
1GM 4l,c2 1,c? 2[2, ¢4 513,¢0
R =-2"11—4/1- =2 =lp|(1+ =2 Lid P 122
ue T 92 < GM) P<+GM+G2M2+G3M3+ (122)

Now by considering the derivative dR¢ys/dR, = 0 for (120),we find two maximum points,namely the radius
R, for the maximum acceleration Refr.o = Reff.mas (transition from 4th. step to 5th. step: see Fig.9) and
the radius R! for the maximum deceleration R/, 710 = Beppmin (transition from 2nd. step to 3rd. step: see
also Fig.9),as follow:
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FIG. 8 The dynamics of expansion of the universe since its origin is given by 5 steps (first step from anti-gravity;second
and third one from gravity;fourth and fifth one from anti-gravity again),namely in detail: (a) lp < R, < Ry, which
corresponds to a short initial period of time with acceleration decreasing rapidly until a null value at R, (first critical
radius of transition: from an initial anti-gravity - “a rapid inflation” to gravity). Such an initial period is not foreseen by
the function (117) and thus it will be modeled through a correction in (117) to be made at the origin lp. (b) Ry, < Ry, <
R.o: In this period of time,gravity increasing rapidly so that the rate of decelerated expansion increases rapidly in order
to reduce the very high velocities of expansion. Such a deceleration due to gravity reaches its maximum value in module
(Refs.0) for Ry = Ryg. This region will be modeled according to the correction to be made in (117). (c) Ryg < Ry < Ruc:
This period of time is much larger than the last one. It also corresponds to a decelerated expansion,however such a
deceleration decreases slowly in the time (see Fig.9). So it needs a very long time to reach a null value (Refy = 0)
at Ruc. = GM/C2 ~ 10%°m (second critical radius of transition: from gravity to anti-gravity). (d) Ruec < Ru < Ruo:
the acceleration of expansion is increasing until reaching its mazimum value Refpo for Ry = Ruo = 3GM/c*. (e)
Ruo < Ry < o0: the acceleration of expansion is decreasing to zero at the infinite and therefore there is no Big Rip. At
the present time (in the fifth step),such an acceleration corresponds to the cosmological constant for R, ~ 10%m.

3GM  3GM 32p2 3GM 3
Ruo = 2 ey o222 123
=1 T e 9GM T2 2 4 (123)

3GM 3GM 321 pc2 4 321,c2 512 12¢4 5120 13
o2 _2EE A e ) 22p p 124
W T2 4 2 oG P\3 7T 27car T2 G T oSt GEae (124)

Now by substituting (123) and (124) into (120) we obtain respectively Ref f.maz and Reff.min,namely:

32¢2

2 )
9rg

Reff.maz = Reff.O ~ (125)
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FIG. 9: As we can see in this figure,the first step represents a rapid decreasing of acceleration from the “big bang” of
the repulsive kernel at Planck scale lp and the second one is a rapid increasing of deceleration. Both of them occured in
order to avoid very high accelerations and velocities of expansion,and thus avoiding a big rip close to the origin of the
universe. The third step represents a decreasing of deceleration until reaching a null deceleration at the critical radius
Ruc,beyond which we have a soft increasing of acceleration in the fourth step. In the fifth step,the acceleration begins to
decrease,having a null value at the infinite. Due to such a decreasing of acceleration,there is no big rip.

3GM 6c2
_l’_

time (Sth)

Refpamin = Rippo ™ —

3

3 (4 321 512 _lpc? 5120 _13c° 2 4+ 321 512 _lpe? 5120 _13c®
2lp (§ 3 &t 7+ msoar T asress T ) 5 ( 3 &t 7+ 213 Goar + 218t G ar
(126)
If we neglect the very small terms of [p, [%... in the denominator of (126),we find another good approximation

as follows:

81 GM 272 8l ryc® | 212
Re min ~ — = q 79 127
1 128 75 82 256 15 | 8I2 (127)

IX. CONCLUSIONS AND PROSPECTS

We have introduced a space-time with symmetry,so that V < v < ¢, where V' is an inferior and unattainable
limit of speed associated with a privileged inertial reference frame of universal background field. So we have
essentially concluded that the space-time structure where gravity is coupled to electromagnetism at quantum
level naturally contains the fundamental ingredients for comprehension of the quantum uncertainties through
that mentioned symmetry (V < v < ¢),where gravity plays a crucial role due to the minimum velocity V (o< G1/?)
related to the minimum length (Planck scale) of DSR|20]|21][22]|23] [24][25] by Magueijo,Smolin,Camelia,et al.

+...)2
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We have studied the cosmological implications of Sy ,by estimating the tiny values of the vacuum energy
density (p(ay ~ 107*¢g/em?) and the current cosmological constant (A ~ 1073%s72) which are still not well
understood by quantum field theories for quantum vacuum|38&],because such theories foresee a very high value
for A,whereas,on the other hand,exact supersymmetric theories foresee an exact null value for it,which also
does not agree with Reality. Besides this,we were able to find the critical radius of the universe,beyond which
the accelerated expansion (cosmological anti-gravity) takes place. In short we have studied the dynamics of
expansion of the universe since its origin until the present time and also its future time (see Fig.9).

The present theory has various implications which shall be investigated in coming articles. A new trans-
formation group for such a space-time will be explored in details. We will propose the development of a new
relativistic dynamics, where the energy of vacuum (ultra-referential Sy) plays a crucial role for understanding
the origin of the inertia,including the problem of mass anisotropy.

Another relevant investigation is with respect to the problem of the absolute zero temperature in thermo-
dynamics of a gas. We intend to make a connection between the 3rd. law of Thermodynamics and the new
dynamics,through a relationship between the absolute zero temperature (' = 0K) and the minimum aver-
age speed ((v)y = V) for N particles. Since T = 0K is thermodynamically unattainable,this is due to the
impossibility of reaching (v)y = V from the new dynamics standpoint. This leads still to other important
implications,such as for example,Einstein-Bose condensate and the problem of the high refraction index of ul-
tracold gases,where we intend to estimate that the speed of light would approach to V inside the condensate
medium for 7 — 0K . So the maximum refraction index would be 7,42 = ¢/Vmin = ¢/V = €71 = 0 ~ 10% to be
shown elsewhere. Thus we will be in a condition to propose an experimental manner of making an extrapolation
in order to obtain vighiarin. = Cpyyy — V for T — 0K through a mathematical function obtained by the theory
applied to ultracold systems.

In sum,we begin to open up a new fundamental research field for various areas of Physics,by including
condensed matter,quantum field theories,cosmology (dark energy and cosmological constant) and specially a
new exploration for quantum gravity at very low energies (very large wavelengths).
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