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Abstract

It is postulated that cosmological expansion or inflation can be mathematically
described by the inverse function of Newton’s equation of gravitational force
parameterized by a constant coefficient. This theoretical concept is referred to as
the inverse gravity inflationary assertion (IGIA). After defining the core concept
of the assertion, the theoretical notion is extended to the description of an
isotropic and homogeneous universe. This extension is achieved by the derivation
of gravitational redshift, the scale factors, Hubble’s equations, the Friedman-
Lemaitre-Walker-Robertson metric, and the Einstein tensor in terms of the IGIA.
Thus, upon establishing the new theoretical assertion in terms of accepted and
confirmed concepts that are consistent with astronomical observations in
inflationary cosmology and general relativity; the assertion is applied to the
widely accepted theoretical notion of weakly interacting massive particles
(wimps). Hence, the IGIA is applied to weak interactions requiring the use of
particle physics, quantum mechanics, and quantum field theory (QFT). The use of
QFT emphatically incorporates the Feynman, Gell-Mann, Marshak, and Sudarshan
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constructions of the current by current Hamiltonian for the IGIA description of the
beta decay process of weak interactions. Lastly, the IGIA’s force and energy
relationship between weak interactions on the subatomic scale and the expansion
of the geometry of the universe as a whole is elucidated.

Keywords: Cosmological expansion, isotropic and homogeneous universe,
Robertson-Walker scale factors, Friedman-Lemaitre-Walker-Robertson metric,
Dark Energy, Hubble’s constant, Einstein tensor, weakly interacting massive
particles, beta decay, quantum field theory

Introduction

There are countless theories and assertions in the field of cosmology expressing
many ideas on aspects of the nascent and current universe, some of which have
been experimentally verified while others remain in the catacombs of speculation.
The aspects of cosmology that remains highly speculative are the dynamics and
cause of cosmological inflation and the corresponding energy value markedly
referred to as dark energy. A new mathematical formulation is introduced where
cosmological inflation is described by the inverse function of classical Newtonian
gravitational force that is parameterized by a constant which permits the
derivation of a unique expression of gravitational force and potential energy [1].
This theoretical notion is stated as the inverse gravity inflationary assertion (or
IGIA) [1]. The IGIA accurately describes the general behavior of cosmological
expansion in that it expresses that on local scales, the force of expansion is minute
and negligible while traditional gravity is dominant [1]. Conversely, on
cosmological scales, the IGIA describes an accelerating universe and thus the
expansion of the geometry of the universe (i.e. the expansion of space-time) [1].
The aim of this paper is to introduce the notion, concept, and mathematical
formulation of the IGIA. Secondly, the IGIA must show consistency with
confirmed astronomical observations in the phenomena of cosmological inflation
as well as a compatibility with established and accepted mathematical equations
and expressions describing cosmological inflation. Therefore, the established
aspects of cosmological expansion and inflation that will be defined in terms of
the IGIA are gravitational redshift of a photon’s wavelength, the Robertson-
Walker scale factors, Hubble’s law, Friedman-Walker-Robertson metric, and the
Einstein tensor in the description of curved space-time thus incorporating general
relativity [1]. Additionally, it is important to emphasize that the IGIA is defined
within the frame work of an isotropic and homogeneous universe. Logically, the
incorporation of the IGIA into established mathematical expressions describing
cosmological expansion solidifies the assertion as a theoretical possibility. Lastly,
the notion of dark matter in the form of wimps or weakly interacting massive
particles is a widely accepted theoretical notion in the field of cosmology. Hence,
the relationship of the IGIA to weak interactions between subatomic particles is
defined. In the task of defining weakly interacting massive particles as a cause of
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cosmological inflation in terms of the IGIA, the IGIA is conceptually and
mathematically incorporated to the beta decay process of weak interactions. A
description of the beta decay process of weak interactions in terms of the IGIA
requires the use of particle physics while incorporating quantum mechanics and
quantum field theory (QFT). Hence, the relationships of energy, force, time, and
the expansion of the geometry of space-time as they relate to both the subatomic
and cosmological scale are defined. In reference to the use of QFT in the IGIA
description of the beta decay process of weak interactions, there is an emphasis on
the Feynman, Gell-Mann, Marshak and Sudarshan constructions of the current by
current Hamiltonian formulated to describe weak interactions. Therefore, section
3 gives a complete description of the IGIA relationship to the theoretical wimp as
a cause of cosmological expansion (and thus inflation).

1. Inverse gravity and the Newtonian correction

As communicated in the introduction, the validity and theoretical support of
the inverse gravity assertion is predicated on the theoretical assertion’s ability to
be consistent with confirmed astronomical observations in cosmology such as
gravitational redshift and other accepted mathematical descriptions which include
the equations of general relativity. Therefore, in prudence and prior to introducing
the core concept of the inverse gravity inflationary assertion (1GIA), we briefly
present the mathematical exposition of the 6 primary aspects and established
equations of cosmology to which the IGIA will be applied to in depth in the next
section (section 2). As expressed in the introduction, the first phenomenon of
cosmological expansion that the IGIA will be applied to is gravitational red shift z
(or gravitational redshift of a photon’s wavelength) of photons traversing a region
of expanding space-time which is mathematically described by Eqg.1 shown below

[7].

_ o _
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Where 4, denotes the photon’s initial wavelength prior to propagating through the
region of expanding space and 4, is the photon’s wavelength after propagating
through the region of expanding space, it follows that gravitational redshift z

relates to the scale factors a, and a(t,,,) by the known equation of [7][9]:

__ %
1+z= a(tem)

()

Where the scale factor in gravitational redshift z of a, denotes the universe as it
currently is and the scale factor of a(t,,,) denotes the universe at the time of
emission or the past. Thus in an isotropic and homogeneous universe, the velocity
V(t) of cosmological expansion is expressed in reference to Hubble’s Law in
terms of the scale factors a, and a(t,,,) such that [9] [10]:
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__Ra(t) _ [ R ]da(®)
Ve = at) [a(t)] dt (3)

Where R denotes the distance from the observer and a(t) denotes the
corresponding scale factor and a(t) denotes the first timed derivative of the scale
factor (a(t) = da(t)/dt); the expression a(t)/a(t) denotes Hubble’s constant
(Hy = a(t)/a(t)) [9] [10]. The expansion of the universe is then required to be
described in terms of the curved geometry of space-time and hence general
relativity as it relates to the scale factors. Conclusively, a space-time metric must
be defined. The space-time metric corresponding to the geometric description of a
homogeneous and isotropic universe is the Friedman-Walker-Robertson metric
which is isotropic by a coefficient of the of the scale factor a(t) being applied to
(i.e. is a coefficient of) the space-like coordinates as shown below [9].

d5? = —dt? + a*(0) [ + r2d6? + rsin6d¢?] 4)

Therefore expanding this description to Einstein’s field equations in terms of the
scale factor a(t) which is pivotal to the description of a homogeneous and
isotropic universe, the components of the Einstein tensor (G; and G,.) can be
expressed in terms of scale factor a(t) such that [9]:

3(a(t))?

G = oo

-2 a® _ _(aCt))z —

G a(t) a(t)?

R..—>R= 8P (6)
Where R;; and R,, denote the terms of the Ricci tensor, R is the scalar constant,
P denotes pressure corresponding to thermal radiation, and p is the average mass
density [9]. Cosmological expansion is primarily described by Eqg.1-6.
Conclusively, the inverse gravity inflationary assertion (IGIA) must describe an
isotropic and homogeneous universe in the frame work of Eqg. 1-6. As previously
stated, section 2 will show the IGIA core concept’s detailed incorporation into the
aforementioned 6 aspects of cosmology and general relativity by deriving Eq. 1-6
and more in terms of the IGIA.

At this juncture, the core concept of the IGIA can be introduced. Thus we begin
by defining the IGIA in terms of classical Newtonian Mechanics. Force value
F,(r) denotes classical Newtonian gravitational force as shown by Eq.7 displayed
below [10].

Gmim
K ==5= 0
Astronomical observations show that universal inflation or expansion progresses
in opposition to gravitational force and thus accelerates cosmological mass and
radiation in an inverse direction to gravity. This fact allows one to hypothesize
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and deduce that the mathematical description of the structure of the universe could
inherently incorporate a mathematical term that is inversely proportional to
classical Newtonian gravitational force [1]. Due to the fact that cosmological
expansion is only detectable at cosmological distances, logically, this implies that
the inverse force is parameterized. Thus, a mathematical term that is inversely
proportional to gravity must have a parameter that pertains to spatial or
astronomical distance [1]. This parameter will permit the inverse term to have
substantial effects beyond a given distance and minimal affects below a given
distance. Therefore, this gives to the theoretical assertion of an inverse term of
gravitational force that is parameterized by a coefficient that is a constant
pertaining to an astronomical distance r, (to be defined shortly) [1]. More
specifically, the inverse gravity term is parameterized by the coefficient which has
a value pertaining to the square of cosmological distance 1, to which universal
expansion takes prominence over gravity [1]. Therefore, the IGIA inverse term is
denoted F;(r) as expressed below [1].

, 1 r?
F® =) ®
Resultantly, classical Newtonian gravitational force F,(r) (of Eq.7) is subtracted
from the parameterized inverse force term F;(r) (of Eq.8), this difference is
equivalent to and denoted as force Fr(r) [1]. Gravitational force F(r) combines
the variations of classical Newtonian gravitation to the inverse variation of
universal expansion [1]. Thus, the gravitational force value Fr(r) below (Eq.9) is
stated as the Newtonian correction due to the fact the Newtonian gravitational
force is corrected to include the inverse term [1].

Fr() = )~ B = [3] [] - 2 ©

Thus, total force F(r) of EQ.9 above is composed of the inverse gravity force
term denoted F; (r) and the classical Newtonian gravitational force term denoted
F,(r)[1]. Masses m, and m, are the cosmological masses (such as galaxies and so
on) and G is the gravitational constant. Where the cosmological coefficient of
1/r§ (or parameter ) of inverse term F;(r) is proportional to classical
gravitational force (Gm, m,/r?), the coefficient in the inverse term of force
F;(r) in Eq. 8-9 is given with a condition such that [1]:
1
1> [— (10)
The constant distance r is referred to as the spatial cosmological parameter in
reference to the IGIA [1]. The direction (+ or -) of the value of total force Fr(r)
has relationships defined by the inequalities of radius r to distance r,, given by the
conditions expressed below [1].
1. For r>ry; + Fr(r) (11)
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2. For r<ry; — Fp(r) (12)

Condition (1) (of Eqg.11) describes cosmological expansion or force + F(r) away
from the gravitational force center (i.e. the center of the universe) for
distances r > 1, [1]. Conversely, for condition (2) (of Eq. 12), the inverse gravity
term F;(r) in total force Fr(r) is negligible at distance r < r, causing force
direction — Fr(r) toward the center of gravitational force (i.e. gravity over takes
the inverse term F/(r) on r <, which represents local scales) [1]. Figure 1
below pictorially depicts the model of the IGIA force relationship of cosmological
inflation.

_ The spherical isotropic and homogeneous universe of the IGIA
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@ Universe center \
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Figure 1

Figure 1 shows that the arrows directed away from the universe center indicate the
motion of force value + F(r) (or Fr(r > ry) ) which is cosmological expansion
or inflation and the arrows directed toward the universe center indicate the motion
of force value — F(r) (or Fy(ry > r)) which constitutes gravity. Figure 1 clearly
conveys that the core concept of the IGIA is consistent with the general
description of the phenomenon of universal or cosmological inflation.

The value of the spatial cosmological parameter of distance r, is determined
where total force value Fr(r) (of EQ.9) equals zero and radius r equals
cosmological parameter r, (i.e. Fr(r,) =0 and r =1, ) [1]. Furthermore, this
implies that for the condition of Fr(r) = 0, the inverse force terms Fj (r,) and
the classical gravitational force term F;(ry) of total force Fr(rp) (of Eq.9) at
parametric distance r, are equal (F;(ry) = F;(rp)) in [1]. Therefore, total force
Fr(ry) can be presented such that [1]:
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Fr(ro) = Fy (ro) = Fy () = [ 3] [7] - 2222 = 0 (13)

Gmy m; (r0)?

Solving Eq. 13 for the spatial cosmological parameter of distance r, gives a value
such that [1]:
TO ES Gm1 mz (14)

The uniform distribution of cosmological masses m, and m, over a spherically
symmetric volume describing a homogeneous isotropic universe separated by a
diameter of distance r, mathematically require the mass interaction m; m, to be
expressed as a triple integral such that [1]:

To = Gmym, = G[fomu fon fonm(mﬁm{l) dmdode| (15)

Where mass m,, (highlighted above) which is the upper limit of the integral with
respect to variations in mass is the mass of the universe and thus constitutes all
matter of the universe. Thus mass m, is approximately 27% of the critical
density of the universe commonly denoted as p. [10].The critical density of matter
denoted (.27)p.relates to the mass of the universe m, and energy E via the
relativistic energy equation of E = m,,c? = (.27)p.c?, therefore, universal mass
m,, has a value such that [10]:

3HZ

my = (27)p, = (27) 22

(16)
The value of critical density p. is given as 3HZ/8nG (e.g. p. = 3HZ/8nG) in
terms of Hubble’s constant H, and gravitational constant G [10]. Variable mass
my, within Eq.15 is a function of spherical coordinates at 8and ¢ and mass m such
that [1]:

m}, = [(mcosOsing)? + (msinbsing)? + (mcoseg)?]*/? (17)

Where variable mass m;, correspond to the symmetric variations in mass values
m,; and m, evenly distributed about the spherically symmetric volume, this
implies that mass interaction m,; m, over a spherically symmetric volume is
expressed by the triple integral (of Eq. 15) such that [1]:

m;m, = fomu fon fon m3[(cosOsing)? + (sinbsing)? + (cos¢p)?] dmdOd¢p
(18)

As indicated by Eq. 14 and Eq.15, masses m; and m, are spatially located on
opposite sides of (and are separated by) parameter distance r, thus the continuous
sums progress as a rotation where the mass values on opposite sides of distance r,
rotate and sum up to universal mass value m,[1]. Therefore, the rotation of
continuous sums over the spherical coordinates at 8and ¢ from zero to = encompass
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the entire spherical volume due to the fact that the rotation on one side of distance
1o Sum up to half the spherical volume (or =) and the other side of distance
1, rotates and sum up to the other half (or ) of the spherical volume [1]; which
equal the whole. Thus, Eq. 18 above gives the mass interaction
m, m, corresponding to the gravitational interaction of cosmological masses over
distance r, [1].

2. General relativity and the cosmological expansion of an
isotropic and homogeneous universe in terms of the IGIA

Section 1 defined the core concept of the inverse gravity inflationary assertion
(IGIA), hence the objective of section 2 is to heuristically define the IGIA in
terms Eq.1-6 (and more) which are consistent with actual astronomical
observations and the description of an isotropic and homogeneous universe. In
beginning the heuristic formulations, we begin with gravitational redshift. The
gravitational red shift equation is expressed such that [7]:

Gmq mp
5 = Ur=Fo _ (*772)-Eo
Ep Ep

(19)

Where E, is the initial energy of a photon (E, = (hc/A,)) propagating through a
region of expanding space and Ur(r) is gravitational potential energy [7] [10].
Gravitational potential energy is the integral of gravitational force F;(r) (of Eq.7)
with respect to radial distance r as shown below [10].

G
Ur(r) = [F,(r)dr = % (20)
Where force F(r) equals Newtonian gravitational force expressed as:
G
Fy(r) = =52 (21)

Therefore, logically, the value of potential energy pertaining to the IGIA
Newtonian correction force Fr(r) (of Eq.9) is the integral of gravitational force
Fr(r) with respect to radial distance r as shown below [1] [10]:

Up(r) = [ Fy(r)dr = | [[%] [l - G’”;’“Z] dr (22)

Gmq my

Thus after evaluating the integral of Eq. 22 above, one obtains a value of potential
energy Ur(r) in terms of the IGIA such that [1]:

UT(r)z[%H L] 4 S (23)

3Gmq m, r

We briefly express red shift z in terms of wavelength below which will be useful
shortly.
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hc
_ Ur(-E _ (@)‘EO _ Ao
z=—p— ="o = 1 (24)

Now substituting the value of Eq.23 into the gravitational red shift equation of Eqg.
19 gives [7] [9]:

;= 1(i][ r3 ]+Gmim2)_1 (25)

Ey T'g 3Gmy my

Prior to continuing the derivation, an important clarification must be expressed.
It is paramount to justify the use of gravitational redshift z of Eq. 19 and Eq. 24-
25 as opposed to using the Schwarzchild expression of gravitational redshift

shown below [9].
AR 4 _ |1-2GM/rr ]
g 1= \} 1-2GM/7g 1 (i)

Where A5 and A denote the initial and final wavelength values of a photon
propagating through a gravitational potential; there are two purposes for not using
the Schwarzchild equation of gravitational redshift above (i.) in the IGIA. The
first is that in an FRW universe describing an isotropic and homogeneous model,
cosmological expansion and redshift (z) is described in relation to the scale
factors a(t) (e.g9. ap and a(t.,,) ) (see EQ.29). Thus, a photon’s wavelength,
frequency, and energy are affected by the expansion of space-time itself. A
relationship to the scale factors is not defined by the Schwarzchild equation of
gravitational redshift as seen above. However, the IGIA postulates and describes
the expansion of space-time or cosmological inflation as a result of a
parameterized inversion of Newtonian gravitational force. Thus, the theoretical
assertion must relate to the scale factors in a non-conventional manner that is not
mathematically compatible with the Schwarzchild equation of gravitational
redshift. Hence, the expansion of space-time in an FRW universe and the
variations of the scale factors will be expressed in terms of theoretical potential
energy value Uy (r) of Eg. 23 (as will be shown in Eqg.30). This leads to the
second purpose for not using the Schwarzchild expression of gravitational redshift
in the IGIA. The mass product of m; m, of Eq.18 expressed in IGIA value of
potential energy Ujp(r) (of EQ.23) are cosmological masses that are
homogeneously and uniformly distributed about a spherical volume where the
mass product m,; m, is expressed as triple integral as shown in section 1. In
accordance to the IGIA, the expansion of space-time has a theoretical dependence
on the evenly distributed cosmological masses of m; m, which are separated by
diametric distances within the spherical universe. Therefore, a photon propagating
within the spherical volume of expanding space-time is affected by all of the
cosmological mass combined which are evenly distributed through the spherical
volume. Whereas the Schwarzchild equation of gravitational redshift of
expression (i.) describes the redshift of a photon (of relativistic energy mqc?)
traversing through a region of gravitational potential of a mass M of a single massive
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body where the test mass m,, of the photon typically _cancels out of the equations
[9]. Additionally, the shift in the photon’s wavelength due to a gravitational field
in the frame work of a Schwarzchild space-time is described relative to or as a
ratio of the distances r; from the gravitational body’s center of mass M and
distance r; from the gravitational center of the body to the propagating photon.
Conversely, the IGIA distance r of potential energy Ur(r) (and ladder
expressions) is the diametric distance between cosmological masses as previously
expressed in section 1.

Thus in continuing the formulation, the theoretical assertion must relate to the
scale factors and thus the expression of gravitational redshift of Eq.29 (e.g. a(t) =
1/(1 + z)) via an expression of gravitational potential energy (in order to be
mathematically compatible to the description of an F-R-W universe). Therefore,
as expressed in Eq.24, observe that IGIA Gravitational potential energy U (r) is
equal to the photon’s energy hc/A, after propagating through expanding space

(Ur(r) = hc/24)[1]. This can be directly expressed such that:
== Ur(r) (26)
g

Recalling that E, is the initial energy of the photon (E, = (hc/Ay)), EQ.24 relates
the theoretical potential energy U;(r) to redshift z which relates to the scale
factors of Eg.29. Conclusively, the value of the photonic energy affected by the
IGIA potential energy field of U;(r) can be alternatively expressed such that [1]:

ol | e R @

Where 4, is the photon’s wavelength influenced (or affected) by IGIA potential
energy Ur (), wavelength A, has a value such that [1]:

-1
1 r3 Gmym

Ag = he “% [3Gm1 mz] + 11, : l (28)
A full description of the IGIA’s effects on a photon’s energy and wavelength
permits the assertion’s incorporation to the scale factors. Thus, the next objective
is to show the IGIA correlation to the scale factors which is a prelude to the
description of the motion of space-time. As previously cited, red shift value z is
related to the scale factor of the past (or the time of emission) denoted a(t,,,) and
the present denoted a, such that [7] [9]:

1+z=—2 (29)

a(tem)

Substituting the IGIA value of redshift z of Eq. 25 into Eq. 29 above gives [1]:
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1 (| ] #2222 ) - 0 = 22 @

This reduces to [1]:

2|8 ] | = e @

If follows that the value of the scale factor a(t,,,) at the time t,,, of the photon’s
emission is expressed such that [1]:

-1

(32)

_ i i r3 Gmqmy
Altem) = Lo “] e l

Where Eq.32 is of the form a(t) = 1/(1 + z) [7] which implies that scale factor
ap equals 1 (a, = 1). Recall that a, is the scale factor of the universe as it is
presently and a(t,,,) is the scale factor at the emission time t,,, of the photon (or
a scale factor of the universe as it was in the past as some authors state it)[1][7].
EQ.32 adequately shows the relationship of the Robertson-Walker scale factors
and gravitational redshift to the IGIA [9]. In an isotropic model, the scale factors
influence variations in the space-like components of space-time. Therefore, at this
juncture, the IGIA mathematical connection to Friedman-Lemaitre-Walker-
Robertson metric dX? can be conveyed. The Friedman-Lemaitre-Walker-
Robertson metric is shown below [9].

d5? = —dt? + a2(t) [ + r?d0? + r2sin?0dg?] (33)

Where k in EQq.33 above is equal to +1 (k = +1) for the positive spherical
curvature of space-time for the description of expanding space-time, the scale
factor a(t) in EQ.33 above is set equal to the scale factor a(t,,,) of Eq.32 (i.e.
a(t) = a(t.,) ) giving Eq.34 such that (note: for our purposes t = t,,,) [1] [9]:

dr?

1-kr?2

d5? = —dt? + a?(t,,,) [ +r2do? + rzsinzedc,bz] (34)

Substituting the value of scale factor a(t.,,) (Eq.32) into Eq. 34 above gives the
Friedman-Walker-Robertson metric in terms of the IGIA such that [1]:

172
Eio[[%] [367:: mz] + Gmimz” ] [i;z +7r2d6* + rzsinzedq’)Z]

(35)

dr? = —dt* +

Qo
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Observe that the space-like coordinates of the isotropic metric of dX? with the
inclusion of the scale factor a(t) are dependent on variations of radial distance r.
The scale factor at time t denoted a(t) is equal to the value of scale factor
a(te,) of Eq.32 (a(t) = a(t,,,) ) in terms of the IGIA [1]. The metric of Eq.35
is the first step towards describing the IGIA in terms of curved space-time
geometry. Therefore as a clarification, this equivalence can be stated such that [1]:

el s 2| &

Observe that Eq. 36 or the IGIA scale factor is a function of radius r, which
relates to the Minkowski coordinates (¢, x,y, z) for signature (- + + +)such that

[9]:

a(t) = atem) = ag

r=[—t% + x%+y? + z%]'/? - t?2 < x%+y? + 22 (37)

Substituting the value of Eq. 37 into Eq. 36 (or Eq. 32) gives the IGIA scale factor
as a function of the Minkowski coordinates (denoted a(t, x, y, z)) such that [1][9]:

-1
1|1 —t24x2 4924 72)3/2 G
a<tem>=a<t.x,y,z>=aoL—o“z] O R R ”

36Gmy my —t2+x2+y2+72]1/2

(38)

The time derivative of scale factor a(t,,,) is denoted a(t,x,y,z) (where
a(t,x,y,z) is simply scale factor (t,,,) ) in respect to the time coordinate t (keep
in mind that t = t,,,,) of the Minkowski coordinates and can be expressed such
that [1][9]:

-1
. da(t,x,y,z) ) 1 [ 1 ] [(—t2+x2+y2+zz)3/2] Gm, my,
Z)=—m—m = — — | |—
a(t,x,y, z) dt at |40 Eo |12 36m, m, + [—t2+x2+y2+22]1/2

(39)

In implementing the chain rule, the first time derivative (da(t,x,y,z))/dt) of
the IGIA scale factor denoted a(t, x, y, z) gives a value such that:

1
Eo

; 1 —t2 4 x24y2 4 z2)1/2
a(t,x,y,z) = 2ta, [T_Z] [_( y ) ]
0

2Gmy m,

+ Gmy m,

11[(=t? + x2+y? + z2)3/? Gmy; my,
3 3Gmy my [—t2 + x2+y? + 22

1
2[—t2 + x2+y? + 2232 | [E,

(40)

A
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Eq. 38 and 40 afford the opportunity to briefly present Hubble’s constant in terms
of the IGIA such that [1][9][10]:

_a _ da(t,x,y,z)
H(t) T a [a(t,x,y,z)] dt (41)
Therefore, Hubble’s constant takes on a value in terms of the IGIA such that:
-1
_ 1 1 (—t2+x2+ 2+zz)1/2 Gmq my ( t24+x2+ +zz)3/2 Gmqmy
H@) = 2tao [E_g [[E] [_ ZGm}:mz t2+x2+y2+zz]3/2” [ED[ 12 3Gm31,m2 + [—t2+x2+y2+zz]1/2]] (42)

Thus in an isotropic and homogeneous universe, the V(t) velocity of
cosmological expansion is expressed in reference to Hubble’s Law such that [9]
[10]:

__ Ra(t) _ [ R ]da(®)
v = at) [a(t)] dt (43)

Where R is the distance from the observer, the velocity of expansion V(t) in
terms of the IGIA is given such that [10]:

(~t2+x2+y2422)1/2 Gmqm, (~t?+x2+y?+2%)3/2 t2+x24y2422)3/2
- + +
Eo 26mq my 2[—t24x24y2422]3/2 Eo rO 3Gm, m,

Gmim
—[_W;z:zzwz” (44)

V(t) = 2tRay |—

Where the second time derivative of the IGIA scale factor is expressed such that
a(t,x,y,z) = d%(a(t, x,y,2))/dt* [1] [9], the IGIA scale factor (Eq. 38) and its
time valued differential terms affords the expression of the mathematical
relationship to Einstein’s field equations; specifically the Einstein tensor for
describing an isotropic and homogeneous universe as presented by Wald [1] [9].
This permits the IGIA to be described in reference to the curved geometry of
space-time and thus General relativity. Therefore, in commencing the IGIA’s
incorporation to Einstein’s field equation; according to Wald [9], the scale factors
a(t,x,y,z) (keep in mind that a(t) = a(t.,) = a(t,x,y,z) of Eq.38) relate to
the symmetric Christoffel symbols (and thus a geodesic) such that [1] [9]:

I—;Ctx = Fyty = FZtZ = a(t,x,y,z)a(t, X:,y, Z) (45)
Li=Tk=1I =T =Ti=TI%=altxy2/atxy,2) (46)

Thus we acknowledge that the value of the symmetric Christoffel symbols I, are
of the form [1] [9]:

1 dg. 09ca  O9pc
I"chézzzdgad{gb_l_ g _gb} (47)

oxb 0x¢ 0x¢
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Where g, is the metric tensor and g"”the inverse metric tensor, the components
of the Ricci tensor are calculated according to the equation of [1] [9]:

Ryp = Zc Racpe (48)

Resultantly, as expressed by Wald [9], the Ricci tensor can be expressed in terms
of the Christoffel symbols I} such that [1] [9]:

d d
Rap = an—;racb — 2 B8 + Ta (Tl — T s ) (49)

According to Wald [9], the Ricci tensor values of R;; and R, are then related to
the scale factor a(t, x,y, z) in terms of the IGIA by the equations of (where d =

d*(a(t, x,y,2))/dt?) [1][9]:

Rtt = _Sa(t; k;y;z)/a(t:x; y,Z) (50)
_ > _altxyz2) (a(t,x,y,2))?
R =a(t,x,y,2) " Rex = a(t,x,y,z) 2 a(t,x,y,z)? (51)

As stated by Wald, the value of Ricci tensor R, in Eq.51 above relates to the
Christoffel symbol via the form [1] [9]:

] ]
Ryy = an_;crxcx T oxx (Zc chc) + Zd,c(rxcaicrdcc - Fccaicrdcx ) (52)
Which correspond to the expressions of the Ricci tensor R;;and R,,. It is
important to state that the value of the scalar curvature R is given such that [9]
[10]:

Substituting the value of Eg.50 and Eq.51 into Eq.53 give a value such that [1]
[91:

_ _ (attxyz) | (a(txy,2)?
R= Rtt +3R. =6 (a(t,x,y,z) T a(t,x,y,z)? ) (54)

Conclusively as stated by Wald [9], the values of the Einstein tensor denoted G;;
and G, are given such that [1] [9]:

_ 3(atxy.2)? _ 1 _
Gt = = temymy - Rue t 3R =8mp )
G = _patiys (altxy2) o _1p _gop (56)
ok T a(t,x,y.z) altxyz)? 20
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Due to the fact that the description of the IGIA is defined in reference to a
homogeneous and isotropic universe, the general evolutions for a isotropic and
homogeneous universe as defined by Wald [9] and in respect to the IGIA scale
factors are given such that [1] [9]:

3(altxy,2)? _ 3k

a(t,x,y,z)? - 877:’0 B a(t,x,y,z)? (57)
3a(txyz) _
PO 4rt(p + 3P) (58)

Where P denotes pressure corresponding to thermal radiation pressure and p is the
average mass density [9], the scale factors a(t,x,y,z) and their corresponding

time derivatives (a(t,x,y,z) and a(t,x,y,z) ) can be defined in terms of the
IGIA scale factor of Eq. 38); constant k is equal to +1 (k = +1) and r > r, for
positive spherical curvature describing the expansion of the cosmological fluid in
a homogeneous isotropic universe [1][9]. This shows the complete mathematical
incorporation of the IGIA to the mathematical description of a homogeneous and
isotropic universe and achieves the goal of defining the IGIA in terms of curved
space-time which is consistent with General relativity.

3. The IGIA relationship to dark energy and Weakly
interacting massive particles (wimps)

A highly accepted theoretical notion to explain cosmological inflation and thus
the nature of dark matter and dark energy is that of a “wimp” or weakly
interacting massive particle [10]. A wimp which composes dark matter, is
required to have minute and weak interactions on localized or subatomic scales
and conversely substantial effects on a cosmological scale [10]. Currently, there
are many candidates that can potentially satisfy the requirement of the elusive
theoretical fermions that are virtually undetectable and miniscule but however
profoundly defy gravity on a cosmological scale resultantly accelerating and
expanding the universe [10]. Theoretically, the description of the IGIA coalesces
with the assertion of weakly interacting massive particles (wimps). In showing the
correspondence of the IGIA to the theoretical notion of weakly interacting
massive particles (and thus dark energy and dark matter) in reference to
cosmological expansion, two descriptions must be given. The first description is
the IGIA correlation to weak interactions between elementary particles and the
expansion of space-time on the subatomic scale and thus the quantum realm
which require the use of quantum field theory. The second description is the IGIA
correlation between the subatomic scale and the cosmological scale. Thus we
commence with the first description below.
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I.  The subatomic and quantum description of the IGIA in weak
interactions

Hitherto, we begin with the first description which is the relationship between
the IGIA and weakly interacting elementary particles and hence weak interactions.
Weak interactions are governed by the beta decay of elementary particles.
Therefore, in demonstrating the effects of the IGIA on the subatomic scale, the
effects of the IGIA will be localized to a weak interaction within a nucleus of an
atom. The theoretical weak interactions that are responsible for cosmological
expansion implicitly permeate the universe and therefore encompass the nucleus
of an atom. Hence, as an example of the nuclear process of beta decay in terms of
the IGIA, the scenario of when a neutron is released from the nucleus is
expressed. As the neutron exits the nucleus, the neutron (n) transitions into a
proton (p), an electron (or beta minus particle) (8~), and an antineutrino (v,) as
shown by the process below [3] [10].

n-op+p +7, (59)

The mediating particles for the weak interaction are the W=, W* and Z° bosons
which are spin 1 particles and have mass values of 80.4GeV/c? and 91.2.4GeV/c?
[10]. Figure 1 below gives the corresponding Feynman diagram describing the
fundamental beta decay process of Eq. 59.

4
Xy

Figure 2
(Image credit to http://pfnicholls.com/physics/particles4.html)

The range of interactions are approximately .001 femto-meters (fm) which is the
limit of distance between spatial position values x/ and x, (x, x; € R*)
displayed in figure 2 [10]. The position values x; and x, are the positions of
transition of the particles in three dimensional space and signify where the particles
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are created and destroyed (or annihilated). The interaction energy between the
particles is denoted E,,,.4(pertaining to the energy of mediating particles, i.e. the
W=, W* and Z° bosons) which is equal to relativistic energy value E = pc
(where p denotes the momentum of the mediating particle and ¢ denotes the
velocity of light) [10]. Therefore, the energy value of E,,.; pertaining to the
mediating particles can be expressed such that:

Emea = pC (60)

Recall the equation of gravitational potential energy U;(r) of Eq.23, the inverse
term of IGIA potential energy U, (r) Highlighted below essentially describes the
energy of expansion.

_ i r3 Gmy my

r

The inverse portion of Eq.61 highlighted above is the IGIA’s interpretation of
dark energy as expressed below [1].

Eaare = [%] [3Gnr1j mz] (62)

Where energy E;, 1S @ function of cosmological level distance r, energy E gk
is a close approximation to the j (j € Z* where Z* denotes the set of positive
integers)sums of interaction energies Ey,.q; of the mediating particles (or the W=,
W+, and Z° bosons); where j is the number of beta decay interactions within a
given region. Thus, energy E,.. relates to the j sums of interaction energies
Emeaj DY Eq. 63 (see Eq.132) below.

Edark = Zj Emedj (63)

Thus a single or individual value of interaction energy E,,,.4 (or the energy of the
mediating W=, W, and Z° bosons) is generalized as equal to the inverse term of
IGIA potential energy at subatomic lengths (or |x;, — x,|) which is equivalent to
relativistic energy pc as expressed by Eq 60 and shown below.
Xu—X,
med _] [l - ul pbc (64)

3Gmq my

Observe that energy En.q is a function of length|x/ — x| pertaining to weak
interactions (as will be elucidated shortly) and the gravitational mass interaction
m,; m, between cosmological mass of the universe is defined by the previously
derived integral of Eq.18 given such that:

m;m, = fom“ fon f: m3[(cosOsing)? + (sinbsing)? + (cos$)?] dmdbde

(65)

Eq.64 suggest that the cosmological masses m; and m, theoretically factor into
the weak interactions on the subatomic level, and thus implies that the mediating
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interaction energy E,,.4 Can be expressed as a surjective map from domain of
cosmological masses m,, m,, and distances ryand r to the codomain of mediating
energy values of E,,.q; 0f the decay process of n = p + S~ + v, within the
subatomic realm. For a map g, this function can be expressed such that:
g:my,my, 15, 7r = Epneqd ER (66)

Or alternatively,

g(m1; my, Ty, T) = Emed (67)

The profound implication of the assertion is that the mass of the entire universe
maps or corresponds to energy values of the mediating particle of weak
interactions on the subatomic or quantum scale. A substantial assertion of the
IGIA’s application to the subatomic scale and weak interactions is that energy
Epeq 1S theoretically the energy of the elementary particle or boson which governs
the repulsive force of inverse gravity on the subatomic level which drives
cosmological expansion. The distance between the two coordinates of x; and x;
(|} — x4]) shown in figure 2, energy E..q of Eq.64.The distance x| — x| is
required to equal the distance or range of the interaction of beta decay. As
depicted in figure 2, the transitions of the proton (p) and the neutrino (n)
transpires at position x,, producing a mediating particle (W=, W* or Z°bososns)
of energy E,,,.4[10]. Thus, over a distance |x{l — xu|, the particles ~( ore™) and
Ve at position x;; are created; this implies that mediating energy Erneq ((Emea)x,)

at position x,, is equal to the mediating energy Eyeq (Emea ((Emea)y) at position
xy (€8 (Emed)x, = (Emea)x;, ). Hence, the conservation of energy of the
mediating particle (the W=, W or Z° bosons) over Iength|x,§L — xu|. The spatial
range of interaction will be denoted [,,.4 as a shorthand notation, thus distance

|x!, — x,| is set equal to a range of length Lyq (|} — x| = Lmea). This can be
mathematically expressed such that:

1/2

lmea = i = x| = [Z03(xt — )] (68)

IGIA mediation energy E,,.q Of weak interactions is expressed in terms of the
notation of length L,,,.4 such that:

_ i (lmed)3

Emea = [roz] [36m1 mz] (69)

As previously expressed, the interaction range corresponding to weak interactions

is .001 femto-meters. Therefore, the variations of length L., adhere to the
inequality of [10]:

.001fm = Lpeq (70)

Thus we are prepared to express that the mediating energy E,,.4 of the W=, W+
and Z° bosons of the beta decay process in terms of the IGIA obey to the Heisenberg
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uncertainty principle for energy (AE) and time (At). The Heisenberg uncertainty
principle is expressed such that AEAt > h [10]. Thus the uncertainty in energy AE
can be set equal to IGIA mediating energy E,,.q4 as expressed below [10].

AE = E g (71)

Alternatively this can be expressed in terms of the IGIA energy of weak
interactions such that,
AE = _] (tmea)® ] (72)

3Gmqy my

The maximum value of lengthl,,.4 i1s.001fm in accordance to the range of weak
interactions; therefore we set length [,,.4 equal to .001fm (l,.q = .001fm),
thus energy AE can be expressed such that:

AE = [%] M] (73)

3Gm1 m;

The product of energy (AE) and time (At) (AEAt) can be expressed such that:

AEAt = [%] (°°1fm)3] t (74)

3Gm1 m;

The uncertainty principle (AEAt > h) can be expressed in terms of the IGIA such

that:
[%] L/ "”3] At >h (75)

3Gmqy my

In the inequality above, time span At must be sufficiently large to satisfy the
inequality of EQ.75. This suggest the profound possibility that the larger the
cosmological masses m; m, in the denominator, the larger time span At to which
the mediating particle of the beta decay process in terms of the IGIA can exist in
accordance to the Heisenberg uncertainty principle. Moreover, the larger the
cosmological masses m, m,, the smaller the energy E,,.4 of the W=, W* and Z°
bosons of the weak interaction in terms of the IGIA. Hence, the force and energy
values of an IGIA weak interaction is very minute and very difficult to detect
however the time span to which they can exist may be longer than that of typical
weak interactions.

An important question one must ask is how the repulsive force of inverse
gravity and it’s corresponding energy value within weak interactions between
particles on the subatomic level relate to the expansion of the geometry of space-
time. This question also gives way to the question of how the repulsive force of
inverse gravity within weak interactions affects the energy and wavelength of a
photon propagating through expanding space as described in Eg.19-29 in section
2. In theory, the answer to this question is that the expansion of space-time affects
the energy and thus wavelength of a photon propagating through the region,
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however, the energy and force of expansion itself is carried by the mediating
particle of weak interactions which is energy E,,.;. Thus energy E,,.q IS the
energy to which directly affects the energy of the passing photon. Hence
mathematically, energy E,,.q Can be added or subtracted from the initial energy
E, of the passing photon (E,,.q = E,). In elucidating this notion and the answer
to this query mathematically, we observe the gravitational redshift equation of
Eqg.19 in terms of the IGIA expressed below [7].

— UT(r)_EO — UT(lmed)_EO (76)

Where E; is the initial energy of a photon traversing the subatomic region,
Ur(r) is the gravitational potential energy affecting the photon’s energy. On a
subatomic scale, conventional gravity is negligible, therefore, potential energy
Ur(r) is set equal to inverse gravity potential enerqy Ur(Lneq) (Urp(r) =
Ur(lheq)) at interaction distance L,,.; Which is equal to interaction energy
Emed(Ur(Lnea) = Emeq)- Gravitational redshift z can be expressed in terms of
interaction energy E,,.q4 Such that:

uT<zmed) 1= _[ro] [ (Umea)? ] 77)

3Gm1 my

As expressed in section 2, redshift z relates to the scale factors a, and a(t,,,) via
the equation 1+ z =ay/a(t.,) [7][9]. Resultantly, the scale factors a,
and a(t,,,) relate to the value of the IGIA energy Uy (l,,.4) Such that:

111 (Umea)® 1 _ a0
Eo [roz] 36my mz] T altem) (78)
Thus, scale factor a(t,,,) corresponding to the weak interaction (W1)energy value
Epeq 1S denoted ay, (ie. a(t.,) = ay; ). Thus solving Eq.78 for scale factor
a(t.,) which is scale factor a;,; on the subatomic level give the value of scale

factor ay,; such that:
-1

_ ERES (Imea)®

o = o g ] ]| ™

3Gmq my

Therefore, scale factor ay,; is the factor of expansion of space-time on the
subatomic scale and corresponds to the change in energy (and wavelength) of a
photon traversing the subatomic region of expansion. The expansion of space-
time on the subatomic level can be measured by the isotropic Friedman-Walker-
Robertson metric for flat space such that [9]:

ds? = —dt? + (ay)?*[dx? + dy? + dz?] (80)
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The expansion of the space-like components (dx, dy, dz) of the metric above can
be mathematically expressed such that:

r2l 136m; my

—2
(aw)?[dx? + dy? + dz?] = <(a0)2 lE—lo [i] [Mﬂ ) [dx? + dy? + dz?]
(81)

At this juncture, the IGIA’s fundamental description of weak interactions and its
correlation to the expansion of the geometry of space-time has been sufficiently
established. However, in giving an IGIA description of weakly interacting
massive particles, one must show the IGIA’s dynamic in weak interactions within
a field of particles. Therefore, we now extend the IGIA’s application to weak
interactions to guantum field theory. The continuous scalar fields of each
elementary particles at spatial coordinate x, (x, € R®) are denoted as the
Neutrino field n(x,), the positron field p(x,), the electron or beta minus particle
field p~(x,), and the antineutrino field v, (x,) corresponding the beta decay
process (n = p + B~ + v,). These fields have the form of the scalar field ¢>(xu).
The continuous particle field ¢ (x, ) describing each particle within the field is of
the form [4]:
Puxy PuXy

d3 _ ~ .p d3 _ ~ _;
o (xy) =fJTZ)3uf(P)aT€l h +fJTZ)3Uf(P)b€ D (82)

X

Where the plane wave function ( elpT) for free particles are at momentum and
positions values p, and x,, (p,x,) in R respectively [8]. Therefore, in continuing
the derivation, the volume element d3p corresponding to the momentum space
has the form such that:

d*p =lidp, (83)

The spinors of #(p) and U¢(p) corresponds to the 2 spin fermion and the %2 spin
antiparticle in the form of scalar field ¢ (x,) [4]. Thus the values of spinors i, (p)
and ¢ (p) correspond to the solution set of [4]:

L [ 9]
0 1

_ E+m D3 _ E+m P1—iD2

— P —— — pl £1 72
L) = |52 oy ) = |52 o (84)

p1+ip; l_ ps3 J

E+mp E+my

P3 P1—ip2

E+mp E+mp

_ E+m, | P1tip2 _ E+m p3
U1(p) = fﬁ [ E+my, J v,(p) = pr [_ E+mp} (85)
1

1
0 0
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Where p,, p,, and p3 are the momentum values in 3-space ( e.g. py = (p1, P2,
p3))corresponding to the momentum operator of p, = ihd/dx, [8], m, is the
particle rest mass and E is the corresponding energy value. Keep in mind that
momentum p, and energy E obey the relativistic energy equation of E* =
p1°c?® + py*c? + ps®c? + my®c* [8].The products of spinors #;(p) and 7¢(p)
obey the orthogonal relations of [4]:

i, (p)iy (p) = mip i, (p) iz (p) = mip (86)
7, (), (p) = mip 7,(p)7,(p) = mip (87)
u;(p)u,(p) =0 71 (p)v,(p) =0 (88)

And thus, in general, for the condition of (f # g), we have [4]:

vr(p)g(p) = 0 s (p)7,(p) = 0 (89)

At this juncture, one can introduce the relationship of the energy of the IGIA
mediating particle E,,.4 to the field function ¢>(xu). Due to the fact that the
particles are created or destroyed (or annihilated) across interaction distance 1,4,
each particle (protons, neutrinos, and so on) exist with part of the combined
enerqy E,,.,0f the mediating particle. Energy E presented within the solution set
of spinors 1, (p) and v (p) of Eq. 84-85 and Eq.86-87 is equal to the energy of

the IGIA mediating particle of energy E,,.4 as shown below.

E=E, 4= [L [M] (90)

T'OZ 3Gmq, my,

Thus the products of spinors s (p) and v, (p) (for = f') of Eq.86-87 have values
in terms of energy E,,,.4 such that [4]:

) - [ o
) = [4] [ e

Eq.91-92 implies that the variations in field ¢ (x, ) corresponds to the variations
of an IGIA energy value of E,,.,4 at a position value x,, via the spinors v, (p) and
i (p)as demonstrated below.

Ap(x,)) - AEpeq (93)
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Therefore, in continuing to define the components of the field function, the
creation operators (af,bt) and the annihilation operators (@,b) of field ¢(x,)
obey the anti-symmetric property required for the description of fermions in
accordance to the Pauli exclusion principle [5] [8] [10]. The creation and
annihilation operators have the properties such that [5]:

{a,at}=aat +ata=+6 {b,b*} = bbT +bth =6 (94)
{at,at} ={a,a} =0 {bt,bt} ={b,b} =0 (95)

And [5],
ata=bth=n (96)

Where n (as opposed to n denoting a neutron in this case) is the number of
particles in the system and ¢ is the Kronecker delta which has the property of [8]:

Hence, the particle field ¢ (x,,) and its anti-particle field ¢ (x, ) are expressed by
EQg.98-101 such that [4]:

a3p _ PR a3 _ ~ _jPuXn
$(r) = [ sl @ate™ v + [ =T (p)be™ (98)
Or Alternatively,
¢ =¢* +¢” (99)
And [4],
d3p _ ~y Pt a3 _ A —jPuXn
ot (x,) = f\/TZpuf(p)bTel h +f\/2(2_z)3vf(p)ae T (100)
Or Alternatively,
¢T =9+ o™ (101)

The IGIA full description of weak interactions within quantum field theory
require the use of Hamiltonian’s equation, specifically, the Hamiltonian
formulated within Fermi’s theory in the description of the beta decay process i.e.
weak interactions (n - p + B~ + 7,,). Therefore we use the Feynman, Gell-Mann,
Marshak and Sudarshan constructions of the current by current Hamiltonian

H™*(x/, x,) of the beta decay process at positions x;, and x, (over interaction
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distance .4 ) [2] [3]. It is important to specify that the Hamiltonian H’"t(x]g, xu)
only pertains to the energy of the weak interaction within the nucleus and thus
excludes other energy values pertaining to the processes of the nucleus and structure
of the nucleus (e.g. the energy pertaining to nuclear force). Hence, the

Hamiltonian H™¢(x/, x, )of the weak interaction is expressed such that [2] [3]:
™ (xt, ) = 57 (o) () (102)

Where ]“(xu) denotes the current density corresponding to particle fields
¢l r(xy) and ¢, g(x,) @t position %, and J, (x;) denotes the current density
corresponding to fields ¢/, .(x/) and ¢p,(x)) @tposition x| Current
densities J*(x,) and J,(x},) at positions x;, and x, have values such that [2] [3]:

JM(xy) = (d);lrL,R (x)v"PsLr (xu)) Ju(xl) = (Dd, () vudboLr(x)
(103)

The subscripts L, R denote the left and right handed projections of the particle
fields which will be defined with more detail shortly; the subscripts A,B,C, and D
denote the type of particle field (e.g. protons, electrons, neutrons, etc.). The

particle fields ¢, . (x,) and ¢z, z(x,) at position x, of current density /*(x,)
relate to the particle fields ¢>§L,R(x;l) and ¢p; r(x;) at position x; of current
Ju (x) via the mediating particle of energy E,,.q4 over distance l,,.4 of the weak
interaction[2][3]. Where the current densities ]“(xu) and J,(x;), the general
expression of the Hamiltonian H™¢(x/, x,, )is given such that [2] [3]:

! G ! !
H™ (xy, %) = = (62 R ()" Pprr () (D8, r (K1) ViDL (X)) + . c.
(104)
Where the notation h.c. denotes “Hermitian conjugation”, G denotes Fermi’s

constant which has a value of 1.166 x 10™>GeV~2and ¥, denotes the gamma
matrices [2][3].The components of y* are matrices such that:

v - (105)
10 00 0001
o0 100 |00 10
00-100 0-100
000-1 ~1000
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00 0 —i
,_lo o i o
V"=fo i 0 o0 Vo=
i 000

Where y" =ny, and 7 is the Minkowski metric, the field functions ¢}, »(x,),

Porr (%), borr(x2), and ¢, r(xy) are the right and left handed projections [2]
[3]. It is well known that weak interactions do not obey the parity law of
symmetry [2] [3]. Thus the characteristic of chirality within the beta decay
process states that the right handed field signifies that the momentum and spin
transpire in the same direction while the left handed field signify that the
momentum and spin have opposite directions; hence the right and left handed

field functions ¢, z(x,), Prr (), arz(xh), and ¢p,(x;) are of the form

[2] [3]:

Pr() = ¢ () 2L $1.(xy) = p(x) L (106)

5 _5
Where HTY and 17” are the right and left hand operators, either field function can

be presented in the general form [2] [3]:

1+y5

¢R,L(xu) = ¢(xu) > (107)

The value y° (or gamma 5 matrix) has a value such that [2] [3]:

5 _ _DZ
Vo= T (108)

Where p is a momentum vector (5 = (mc,p;,p2,p3) = py) and p/|p| denotes
the corresponding unit vector. The matrices of 2 have values such that [2] [3]:

e Y e
2_[0 5_{0 ol’ 10 o, 0 o, (109)
Where 0 denotes the 4 by 4 zero matrices such that:
_J0 0
0= [o 0 (110)

The symbol & conventionally denotes the 4 by 4 Pauli spin matrices & such that

[8]:
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o= o =0 9) =G )

(111)

Q
l

The matrices  obeys the relation of [2] [3]:
a=yss (112)

And matrices a takes on values of [8]:

0 51_([0 oy 0 o 0 o, }

[5 0] _{[Gx 0]’ [ay 0/ [O’Z 0 (113)
After a brief definition of the terms composing the weak Hamiltonian
H™*(x], x,) of the beta decay process (n — p + f~ + ©,), one can express the
Hamiltonian in terms of the  Neutrino field n,g(x,), the positron field

pLr(xy) , the electron or beta minus particle field B~ Lr (xy), and the antineutrino
field 7, ,(x;) such that [2] [3]:

a

I (x7,56,) = 25 (1R )Y 0 (6)) (B g i)V, o (1)) + .
(114)

Where the particle field functions n g (x,), pLr(xy), B~ z(xy), and 7, ,(xy)
are of the form of ¢, (x,) [2] [3]. The IGIA energy of the weak interactions
Emeq Will be denoted E (x, x,,) as shown below (here we revert to the notation of
|/, — x| for interaction length L,,eq ).

3
|x{1—xu|

E(x}, %) = Emeq = [%] (115)

3Gmy m,

Due to the orthogonal relationships of spinors u,(p) and v¢(p) (s (p)ur(p) =
v (p)Vr(p) = E(x}, x,)/m, Vf=f) of Eq. 86-89, variations in energy
E(x{p xu) (or energy E,,.4) corresponds to variations in the field functions of the
form ¢, (x,,) shown below [4].

Adry (xu) - AE(x{l, xu) (116)

Thus the variations in field functions n,g(x,) , pLr(xy) , B~ z(xy), and
7, (1) are contingent on variations of energy E(x;, x,) of the IGIA.
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This implies that the Hamiltonian H™(x/,x,) of the beta decay process
corresponds variations of the IGIA mediating energy of E(x/,x,) as shown
below.

AH’"t(x{l,xu) - AE(x{l, xu) (117)

The definition of the energy E,,., pertaining to the mediating particles (i.e. the
W=, Wt and Z° bosons) of the beta decay process and the particle field functions
dr,. () of Eq. 107 corresponding to the Hamiltonian of H™(x/, x, )formulated
for weak interactions in terms of the IGIA constitute the theoretical and
fundamental description of wimps (weakly interacting massive particles).
Conclusively, the mathematical description of weak interactions in terms of the
IGIA can be generalized to the notion of wimps as a cause of cosmological
expansion.

1. The cosmological scale description of the IGIA on a field of weakly
interacting massive particles

As previously asserted, the mediating particles between wimps conduct the
repulsive force of inverse gravity. The notion of wimps in terms of the IGIA is
simply the relationship of force and energy between the subatomic scale and the
cosmological scale which will now be elucidated. Consider the closed set
D.which represents a given region in R™ dimensional space. Set D, is expressed
such that:

D.={x,yeERYr=|x—yvy|} (118)

!

Therefore, positions x,; and x,; are elements of set D. (x,;, x,; € D.), where
subscript j (recall that j € Z* where Z* denotes the set of positive integers)
denotes the number of particle interactions at positions x{U- and x,;. Hence,
positions xﬁu- and x,; are in the neighborhood of the IGIA distance r (which is
cosmological distance).Each weak interaction or process of beta decay within a
region D, at particle positions x;; and x,,; separated by length|x; — x,;| and has
an IGIA energy value E(x{U-,xLU-) (E(x{U-,xLU-) = E,,.q) Which can be expressed
as equal to relativistic energy pc as shown below.

ro_ ) 3
By ) = [3][B] < e (119)

3Gmy m,

Where,

!

%t = %uj| = lmea (120)
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And it follows that,

001fm = led (121)

! !

Each value of energy E(x,;, x,;) corresponds to a force value F(xy;, x,;) which
corresponds to individual weak interactions within region D. . More directly
stated, force value F(x,;, x,;) is the force of each weak interaction. In the task of
deriving an expression of force F(x{U-,xuj) pertaining to each weak interaction in
terms of the IGIA, the IGIA mediating particle energy E (xy;, x,,;) is expressed as

equal to relativistic energy such that:

pc = [L] M (122)

2
7o 3Gmy m,

The value of momentum p can be expressed in terms of the IGIA such that:
fety=|
N I N Y Y
p= [croz] 36m, mzl (123)

!

Force value F(x/;,x,;) is classically expressed as the timed derivative of
momentum p, giving the first order differential equation such that:

F (g xy7) = 2 (124)

This can be algebraically manipulated such that:

F(x};, x,;)dt = dp (125)

uj’

Thus we integrate in respect to volume elements dt and dp such that:

4 '
[ F (xlx0)dt = [T dp (126)

After evaluating both integrals, one obtains:

F(x}j, x,;)At = p (127)

!

Force value F(x;;, x,;) can be expressed such that:

F (g, X)) = o (128)
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Substituting the value of Eq.123 into Eq.128 gives the IGIA force value of each
weak interaction such that:

3
’ 1 |x' i—X ‘
F(xuj' xuj) = [Atcroz] 32jm1 ::12] (129)

At this juncture, we briefly revert to the IGIA energy of repulsion on the
cosmological level. As previously asserted, the IGIA inverse term of energy on
the cosmological level will be denoted E;,,«, hence energy E .., takes on a value
such that [1]:

1 r3
Eaarte = |5 |5 (130)
Energy E .« iS @ function of cosmological level distance r while recalling that
the IGIA mathematically interprets dark energy as energy E .., 0f EQ.130 above.
As expressed in EQ.63, energy E .., IS @ close approximate to the sum of j
interactions of energies E (x,;, x,;;) at all positions x;; and x,;; within region D,
therefore energy E .., Can be expressed as an approximate to the discrete sums of
subatomic energies E (x, x,;) such that:

1
Eqari = ZjE(xﬁj'xuj) (131)

Or Alternatively,

Fuur = [3] ] ~ 21 3] [Eaed 02)

This implies that cosmological distance r can be expressed as an approximate
such that:

1
I EAEENR (133)

The sum of subatomic force values F(x,;, x,;) (6.9. X; F (xy;, Xy;) ) pertaining to
weak interactions within region D, will be denoted F,, which is approximated to
the derivative of energy E.« In respect to radial distance r on the cosmological
level (which gives the force value corresponding to energy Ejq..x)- The IGIA
force F,, can be expressed such that:
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! dE ar
For = X5 F (X, xyj) = % (134)
Or alternatively,
, _ a 1 r3
o= 3700 ~ (13 f]) &

This results in the expression of:

Foe = 2| =] |x£”'_x“f|l ~ [ r’ | (136)

Atcrél | 36my my rél lemy m,

Hence, force F,, is approximately equal to inverse force F;(r) of Eq.8 as shown
below.

Fox = Fy (1) (137)

Therefore, the force of cosmological expansion E,, is the combined effect of weak
interactions of wimps within region D, of radial distance r and constitutes the
inverse gravity force of F;(r) within a margin of error. As previously postulated,
the combined force of the weak interactions within region D, correspond to the
stretching of the geometry of space-time. This formulation defines the relationship
between the cosmological scale and the subatomic scale of the IGIA as it pertains
to the total energy of weak interactions or weakly interacting massive particles
over a region of space.

Concluding thoughts

The difficulty with the IGIA and its postulates is the typical skepticism that
inherently opposes new assertions. As stated in the introduction, the actual cause
of cosmological expansion is still unknown. Due to the horizon problem [6] as
well as other factors, the universe does not (at least at this point in time) reveal the
entirety of its true nature. Thus, even the most intricate and logical theoretical
proposals published are still speculative. If God permits the fateful day when the
human race sufficiently develops in both knowledge and in technology to confirm
the cause and dynamics of cosmological inflation experimentally, the vast
majority of even the most eloquent assertions will be found to be incorrect.
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Therefore, the purpose of this paper is to present the theoretical possibility of the
inverse gravity inflationary assertion to the physics community and the entire
scientific community. Although any given postulate may be incorrect as a whole,
aspects of any theoretical assertion may possess fragments of the full truth.
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