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Abstract

The Hubble equation was considered valid enough to calculate the recession velocity of galaxies,
until further observations showed that there would be an accelerated recession in the Hubble flow,
necessarily tied to an accelerated expansion of the Universe. So, this paper postulates the exis-
tence of a Hubble field as a possible cause for such an accelerated expansion, with some conditions:
it must be a scalar field whose intensity should be a constant in respect to distance and whose
Poisson equation should not be zero nor a function of mass; such field could rather be a property
of the space-time. The obvious expression for acceleration should be the derivative of the Hubble
equation respect to time, which gives two opposed-signs terms whose substitution by the De-Sitter
equation drives to a permanent negative acceleration, similarly to that obtained by the 2nd Fried-
mann equation. Otherwise, the inclusion of the A term in the gravitational Einstein equation has
led to a two opposed-signs terms expression, resembled to a non-published Newton equation. The
negative term expresses the gravitational attraction and the positive one expresses the accele-
rated expansion as a A function, which usually is attributed to dark energy. In this paper it is
shown that A is proportional to the squared Hubble parameter and that the uncertain dark energy
may be substituted by the calculable Hubble field intensity to obtain an equation for the net Un-
iverse acceleration. Equations for the Hubble parameter as functions of time and radius are also
deduced. A relation is shown between the various assumed masses of the Universe and its critical
radius. Additional Universe parameters are estimated such as the deceleration factor and a solu-
tion for the Poisson equation in the Hubble field. A brief comment t on high-standard candles is in-
cluded.
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1. Introduction

Since the A. Riess et al. [1] discovery of the acceleration of the Universe expansion, the cause of this phenome-
non has been attributed to a mysterious dark energy whose nature and characteristics remain unknown. Dark
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energy has been associated to the cosmological constant, A, which was previously discarded by Einstein and
now is related to dark energy density, pa, as

A=4nGp, . (1.2)

The dark energy presents two problems. The first one is that such alleged energy has not been detected or
measured experimentally. The second one is that its density is usually expressed as an equivalent mass density
(kg'm3) though a so-crucial relationship such as

E, =m,c’ (1.2)

has not been proved yet. Its present numerical value has been estimated from the WMAP experiments [2] to a
figure that t allows the Universe to reach its critical condition at the present time. Its hypothetical value is ex-
pressed by reference [3] as: “Dark energy is necessary to balance the books”.

Besides, there is a problematic complement of dark energy theory: it is assumed that it generates a negative
pressure or vacuum energy that pulls the Universe to expand itself. Though the equation of state is feasible

Pr=—P, 1.3

where —p is the negative pressure generate d) the implied numerical values would not be big enough to pull the
entire Universe back. Reference [4] expresses on both topics: “The relevant fact about dark energy is not its
pressure: it is that it is persistent; it doesn’t dilute away as the Universe expands”. And adds: “Banning negative
pressure from popular expositions of Cosmology would be a great step forward”.

In explaining the Universe acceleration, several alternative theories have been published based on extensions
of the relativistic theory of gravity and MOND theory [5], as well as on variations of gravitation as a function of
scales [6]. This later reference mentions the possible substitution of the constant A by a scalar field. Such is the
proposal of this paper, assuming a constant intensity of a scalar field. It follows a review of previous concepts.

The Hubble parameter, H(t) is defined as:

H(t)== (L4)

where a is the radial Universe function, related to the distance r by the co-moving equation
r=x-a (1.5)

X is the constant commoving coordinate and a is the time derivative of a substitution of the co-moving equa-
tion in (1.1) to give the Hubble equation:

F=H(t)-r (1.6)
The time derivative of this equation would represent the accelerated radial expansion:
F=H?%r —Hr. (1.6.a)

The problem here is that H , usually obtained by the De-Sitter expression, drives to an Universe acceleration,
i< 0, as opposed to the present accepted criteria [7]:.

Bergstron and Goobar [8] had included the cosmological constant, A, in the Einstein gravitation equation as
follows:

1
R, —5 R-Ag,, =8nGT,, x.7)

the two first terms form the Einstein tensor, G,,,; 9, stands for the fundamental covariant tensor; G is the gravi-
tational constant, while T, represents the energy-momentum tensor. This expression assumes a unitary value for
light velocity. Einstein added Ato his equations in 1917 in order to match a static Universe concept. However, A.
Friedmann did not take A into account in obtaining two basic solutions, five years later [9]

2

a* 81Gp, ke?

a? 3 a’
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(1.8a)



J. Lartigue

a 471G 3p
sl

d is the acceleration of matter at the Universe radial function, a; p, is the Universe baryonic density; p is th to-
tal pressure; k is a curvature parameter of the Universe, and c is the light velocity in a vacuum. Accordingly to R.
Tolman [10], the Einstein Universe is filled by incoherent matter and, in a first Friedmann model, the total pres-
sure is assumed to be zero, yet both energy and matter get conserved. An adequate way to fulfill Einstein and
Friedmann conditions would be assuming the Universe as a powder cloud with a tiny matter density and p = 0,
which implies that the energy momentum tensor [11] is

T = pu*u” 1.9

u“ and u” are the 4-velocity vectors that, in a comoving frame, are u = (1, 0, 0, 0). Therefore, T = ps

(When the value for A is substituted).

By applying to (1.7) the conservation criteria for matter in the Universe, plus the co-moving equation and the
baryonic density concept as well, the present Universe acceleration would be:

GM,

r=-
r.2

(1.8),

where M, is the baryonic (o if preferred, gravitational mass) contained in a sphere of radius r. Equation (1.8) is
the same of Newton for gravitational acceleration, so implying that it remains negative as r increases, a conclu-
sion that would result opposed to recent works [1] [12]. The first solution for Equation (1.3) was that of
De-Sitter in 1917, though he did assume an empty Universe, i.e. TV = 0. In what follows, a A value and its rela-
tionship to the Hubble parameter are calculated. Thereafter, an equation for the Hubble field is deduced, and two
equations for H as functions of time and distance are also proposed. The criticality and deceleration parameters
are calculated as well as a Poisson equation for the scalar Hubble field. A brief comment on high-z standard
candles is included at the end of the paper.

2. The A and H Values

By applying the FLRW metric to the Einstein equation, reference [13] gives way to a very useful form of the
second Friedmann equation:
a__4nGp, A 2.1)
a 3 3
T is equation has been also deduced by L. Calder and O. Lahav in a landmark paper [14]. It can be expressed
by means of the commoving equation and the density definition, as:

GM, Ar
r 3

Since A had not been considered a function of time, reference [15] did assume a constant value for A = 1.0
(supposed it is dark energy), which should intersect the (O curve at the present time. Such a constant unitary
value (assumed as vacuum energy) intersecting the Q curve at the present time is also mentioned by reference
[16]. Qy is the ratio between the Universe total density and its own critical density. These and other authors [2]
conclude that the present time is the critical one, an assumption that would imply now that ¥ =0, as opposed to
the discovery of reference [1].

Calder and Lahav [17] have referred an original Newton equation for the Universe acceleration (not public
shed by Newton in his Principia) which may be written as:
GM

r.2

¥ = 2.2)

F=——"4+CM,r (2.3)

where C is an arbitrary constant. By comparing Equations ((2.2) and (2.3)), they conclude that A must be pro-
portional to the entire mass of the Universe, M, (a constant) as:

A=CM, (2.4)
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However, the constancy of A would require C to be a true constant. It may be calculated at the equilibrium
point (¥ =0) in Equation (2.3) as follows:

c=6/(r) (2.5)
Equating the expressions for C from (2.4) and (2.5) it gives:
A= ﬂ (2.6)

r

c

So showing that A is a constant being related to the critical radius. Otherwise, the equation presented by ref-
erence [8] and anywhere (A = 8ntGp,) would require knowing the dark energy density, an uncertain parameter at
the present time.

The proposition of M. Carmeli and T. Kuzmenko [18] for theA constant value could be a real solution:

A=3/t .7

7, is the age of the Universe; if it is 7, = 14.0 x 10° (y) [19], then A = 1.53 x 10°** (s?) [19].
Accordingly to Equation (1.1) the Hubble parameter is a function of time. Its present (constant) value, H, is

defined as:
H, = L oo5x10 (s (2.8)
z-0
Therefore, from (2.7) and (2.8):
A=3H? (2.9)
Multiplying Equation (2.9) by r, gives:
% =HZ-r, =constant (2.10)
If this equation is valid at the present time, it is postulated in this work to be valid also at the critical time, i.e.
HZr, = constant (2.11)
and therefore, at any time:
H?(t)r(t)=constant (2.12)

Equation (2.10) shows that the second term of Equation (2.2) does imply a positive acceleration expansion,
with a constant value as proposed by reference [4], and opposed to the gravitational attraction in the Universe.
So, if Equation (2.12) is valid, the Equation (2.2) may be written as:
GM,

r2

F(r)=H?r-12 (2.13)

Equation (2.13) represents the net acceleration of the Universe expansion, i.e., the difference between the at-
tractive gravitational field and the expansive Hubble field. It seems clear that, when the Universe radius was
small, the gravitational field intensity was dominant, but nowadays, at a bigger Universe radius, the Hubble field
intensity should be overbearing, as shown in Figure 1.

3. The Hubble Field

In what follows, the variable intensity of the gravitational field is represented by G and the constant intensity of
the Hubble field is written as T'y, i.e.

oM,
I'g=- 2 (m S ) (3.1)
L, =Hr(m-s?) (3.2)

Therefore, the net Universe acceleration may be expressed, from Equation (2.13), as the difference:
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t(Gy)
te=7.1(Gy) tc=13.0(Gy) tc=24.0 (Gy)
: | |
5
| 1x10°
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Figure 1. The constant Hubble field intensity T'y (m's?, red line) vs 3 cases of gravitational acceleration I's (ms2, blue,
green, purple lines, see text) as functions of the Universe ratio, r/r,. The intersection points correspond to the 3 possible crit-
ical Universe radii. The critical times are marked in the upper abscissa. The difference between the I' lines and the Ty line
represents the net acceleration, I (m's2), Equation (2.13).

i =[Ty]-[Ts](m-s7?) (3.3)

Since the potential energy in the gravitational field is always negative (U < 0), the gravitational potential
(energy per unit mass) is negative too; it is expressed as:

Ve =-=le(3-kg ) (34)
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By definition [20], the intensity of the gravitational field is the negative of the gradient of the gravitational
potential:

T, =-VV, (3.5)

it is therefore negative, as expressed in Equation (3.1).
Similarly, the Hubble field intensity could be defined as the gradient of a positive scalar Hubble field poten-

tial:
r,=Vvv, (3.6)
The substitution of Equation (3.2) in (3.6) gives a definition of the Hubble field intensity
T, =Hr=vv, (3.7)

By assuming from Equation (2.12) that I'y = constant in Equation (3.7), the radial integration of this equation
gives an expression for the Hubble potential:

V,, =T, -r= Hzrz(m2 -s‘z) (3.8)

(alternative units applied in Equation (3.8) point out that there is no mass involved in the Hubble potential).
Assuming that Equation (2.12) is valid, it is possible to estimate the constant Hubble field intensity by using
the present values of H, and the Universe radius, r, [21]:

I, =HZ =22x10"° (m -s’z) (3.9)

This would be the value of the Hubble field intensity, i.e. the Hubble acceleration of the Universe at any time,
if there was not a gravitational field. Since it is not feasible to assign to the Hubblefield any known physical ent-
ity, it may be assumed that it corresponds, rather, to a property of the space-time. The present net acceleration
results, from Equation (2.13), (r,)=1.7x10"° (m -s’z) and the velocity (r,)= 7.5x108(m ~s’1). This val-
ue, higher than c, could be feasible in a particular non-inertial frame, such as it would be outside the Hubble
sphere, where r>c.

The assumption for I'y to be constant allows obtain a general expression for H as a function of distance, from
Equations ((2.12) and (3.9)):

_ 4.7x107° ( ,1) (3.10)

H(r)—rT S

The present H, value has been defined as the reciprocal of the Universe age (Equation (2.8)) but there is not a
general expression to determine H(t). The same Equations ((2.12) and (3.9)) could allow calculate the Hubble
parameter at any time if the distance is expressed as a function of time in a continuously accelerated movement:

1O -2 ()

Therefore, Equations ((3.10) and (3.11)) are proposed as general functions for H(r) and H(t).

(3.11)

4. Additional Relevant Parameters
4.1. Critical Parameters Corresponding to the Assumed Values of Mass in the Universe

From R. Johnson [22], the values assigned to the baryonic mass of the Universe vary according to several crite-
ria: one is based on the total number of stars and it yields 1.0 x 10° kg; even figure, as modified by the interga-
lactic and interstellar media, is 1.7 x 10> kg; another one, based in the Hoyle-Carvalho equation [23], assigns
M;, = 1.84 x 10°® (kg) as the value covering the Hubble length (1.37 x 10%° m). All these figures have been ob-
tained by research inside the observable Universe, i.e. into the Hubble sphere. So, accordingly to the cosmolog-
ical principle, trying to determine the total mass contained in the total volume of the Universe is a valid problem.
From the above given data, the density of the observable Universe is p, = 1.8 x 10 % (kg:m ) a value here as-
sumed for the entire Universe whose radius is estimated to be r, = 4.4 x 10% (m) [2] giving, for the total baryo-
nic mass in the Universe, M, = 6.5 x 10°* (kg). Besides, dark mass could eventually be included as a gravita-
tional mass, giving a total of My = 3.25 x 10 (kg).
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The critical point of the Universe may be defined as the time when the Universe becomes flat, i.e. when it
may change from positive to a negative curvature. That implies ¥ =0 in Equation (2.13), which gives:

(H) =23 @)

c

In Equation (4.1) it has not been specified the kind of mass to apply, which must be selected in any case.
Since the L.h.s. is a constant (I'y), it is possible to directly obtain the value of the critical radius from:

(rC)ZZGM (4l2)
H
Since G and T'y, are constants, this equation gives
r.=0.173x(M )"’ 4.3)

In Table 1 they are shown the corresponding critical radius and times for the three above assumed masses.

4.2. The Deceleration Parameter

The deceleration parameter, g, is defined as:
q=— (4.1) [32]
Its present value results g = —1.3, which confirms the possibility of an accelerated Universe.

4.3. The Poisson Equation
The spatial derivative of Equation (3.7) is a solution of the Poisson equation in the Hubble field:
VAV, =H?(s?) (4.4).

It means that there exists a force-flow in the Hubble field.

5. A Brief Comment

As assumed above, the constancy of I'y; would require some kind of justification. Subsequent studies to that of
Riess et al. [1], which was limited to z < 1, refer also to the present accelerated expansion of the Universe, i.e.
whose velocity is continuously increasing but there is no mention about the acceleration’s magnitude, even less
about any variation; so, by now, it may be assumed that the expansive acceleration value obtained by Equation
(3.9) in this work is a constant, as expressed by the product H?r in Equation (2.12).

Reference [24] analyses the Universe evolution for redshifts z < 3.0 and concludes, in his Figure 4, that there
were two epochs: an slowing down expansion and, after that, the present accelerated expansive period; it would
mean that after the enormous velocity reached in the inflationary period, it followed a slowing down expansion
period that, just before the present time, with z = 0, has changed to a positively accelerated expansive process; in
this way, the present time would almost correspond to the critical time with its implicit critical radius and densi-
ty as well as a flat geometry (k = 0). These results do not coincide at all with those of A. Riess [25] who propos-
es a value of z = 0.46 for the curvature change, a value that would imply a critical time of 10.5 Gy. It was an
event considered by the same author [26] as “a cosmic jerk: the transition from desceleration in the past to acce-
leration in the future”. A possible partial matching of Figure 1 of this work with Figure 4 of reference [24] could
be that: if H is a constant respect to time and distance, the slowing down expansion period would correspond to the

Table 1. Critical radius and critical time for three cases of universe’ mass.

Mass of the Universe (kg) Critical radius r (m) Critical time t; (Gy)
M, = 1.84 x 10% (in the Hubble sphere) 7.0 x 10% 71
M, = 6.54 x 10 (in the Universe) 4.3 x10% 13.6
M, = 3.25 x 10% (including dark matter) 1.0 x 107 24.0




J. Lartigue

[['s] > 'y epoch (in the total Universe case, curve sphere case, curve I'y). Consequently, the I'yy = [I'c] step
would have defined the critical time in two possible cases. If dark matter would have been added, the critical
point would still have to wait for another t, period. The validity of the model here proposed could only be prov-
en if future SN observations detect additional increases in the expected distances, at several (z > 1) values, and if
they match with the net acceleration given by Equation (3.3). Some important experiments at higher z values
(8.6 and 11.0) have been performed in two recent projects [27] [28] that mention mag variations but say nothing
about older acceleration values.

Anyway, there is a limit to distance measurements by present methods: it comes from the estimation of refer-
ence [29] about the first star formation, that he assumes to have occurred at a Universe age of~50 (My), or z ~50,
a fact that puts a limit to the use of SN as standard candles. The same restriction could apply to the efforts to use
quasars [30] and y-ray bursts [31] as standard candles. However, spectroscopic methods could always been ap-
plied if higher redshifts (z > 50) could be identified; for example, the CMB defines the maximum observable
cosmological value at z~10° [29]; it implies e.g., if A, is today about 1 (mm), the emitted A, should have been
about 1 (um) i.e. infrared photons traveling till now, in a co-moving coordinate, since the decoupling time.

6. Conclusions

1) The value of the cosmological constant, A is proportional to the reciprocal of the squared Universe age
(Equation (2.9)). So, it results proportional to the present value of the squared Hubble parameter.

2) Since A cannot be directly associated to any known field, the present work substitutes the A term by a con-
stant Hubble field intensity term (Equation (2.10)), to obtain the Equation (2.13), expressed in Figure 1. The
form of this equation could have been foreseen from the time derivative of the Hubble Equation (1.2) which
shows that the net acceleration of the Universe would depend on two opposed-signs terms.

3) The Hubble field intensity is defined as the gradient of a positive Hubble potential (Equation (3.6)). Its
constant value is 2.2 x 107° (m-s 2). However, the present net acceleration is 1.7 x 10~ (m-s %). The expansion
velocity at the astronomical radius results today r'(ro) = 2.5C, a feasible value in a co-moving coordinate that, if
Equation (3.6) is valid, it would imply a new physical theory after that of ¢ (max).

4) The assumption of the constancy of the Hubble field intensity drives to obtain two general functions of
time and distance for the Hubble parameter (Equation (3.10), Equation (3.11)).

5) Equation (2.13) gives the net acceleration of the Universe, as well as its critical radius when ¥ =0. So, it
is not necessary to appeal to aQ)y balance. The critical conditions of the Universe are found to depend of the
Universe’s mass chosen; here they were considered 3 cases: baryonic into the Hubble sphere, baryonic in the
assumed total volume of the Universe and baryonic plus dark matter in the total volume. They are shown in
Figure 1, which presents both the Hubble and Newton accelerations (I'y, I'g) as functions of the r/r, ratio and
points out both the critical radius and critical time for the 3 cases above mentioned.

6) The deceleration parameter gave a negative value, so showing that the Universe is self-expanding. The
Poisson equation for the Hubble field is V2V, = H?, since matter is not a component of the Hubble field.

7) The validity of the model here proposed could only be proven if future SN observations detect additional
increases, such as it is being assumed in a recent academic project.
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