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Abstract: Large inconsistencies in the outcome of precise measurements of Newtonian gravitational ‘constant’
were identified throughout more than three hundred experiments conducted up to date. This paper
demonstrates the dependency of the Newtonian gravitational parameter on the curvature of the background
and the associated field strength of vacuum energy. In addition, the derived field equations show that the
boundary interaction of conventional and vacuum energy densities and their spin-spin correlation contribute
to the emergent mass. Experimental conditions are recommended to achieve consistent outcomes of the
parameter measurements under the defined settings, which can directly falsify or provide confirmations to the
presented interaction field equations.

Keywords: Field strength of vacuum energy; Newtonian gravitational parameter.

1. Introduction

The sun flows in a spatially flat spacetime background, based on general relativity, where its
induced curvature is proportional to its energy density and flux. On the other hand, the earth flows
in a curved background due to the presence of the sun, where the induced curvature by the earth is
affected by the curvature of the background in addition to its energy density and flux. Many precise
measurements have not agreed on a specific value of Newtonian gravitational parameter [1,2]; this
study investigates the influence of the background curvature on the parameter value. It also explores
boundary interactions of conventional and vacuum energy densities on the emergence of mass.

2. Newtonian Gravitational Parameter

Owing to the presence of the sun, the earth flows through a curved background (curved bulk).
To incorporate the curvature of the background, a modulus of spacetime deformation, Ep, is utilized
[3]. The Einstein—Hilbert action can be extended to

S=ED.L[%+%]\/—_gd4p (1)

where R denotes the Ricci scalar curvature representing the localized curvature induced into the
bulk by a celestial object that is regarded as a 4D relativistic cloud-world of metric g,, and
Lagrangian density L whereas R denotes the scalar curvature of the 4D bulk of metric §,, and
Lagrangian density £ as its internal stresses and momenta reflecting its curvature. E, can be
expressed in terms of the field strength of the bulk by using the Lagrangian formulation of the energy
density that exists in the bulk as a manifestation of vacuum energy density as FozF @B /4p,. As Ep is
constant with the action in Equation (1) under constant vacuum energy density condition, a dual
action can be introduced as

— S BA v
” “3‘9 yﬂg ]\/_”’”g# Lt ]\/_d‘*pd‘* @)

v
uvg‘u

where F,z and y, are the field strength tensor and vacuum permeability, respectively.
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By applying the principle of stationary action in [3] yields
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The interaction field equations can be interpreted as indicating that the cloud-world’s  induced
curvature over the bulk’s existing curvature equals the ratio of the cloud-world’s imposed energy
density and its flux to the bulk’s vacuum energy density and its flux through the
expanding/contracting Universe. The field equations can be simplified to
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where g, = guy + 29w + 23,y is the conformally transformed metric counts for cloud-world’s
metric, g,,, and bulk’s metrics §,, and g,, regarding its intrinsic and extrinsic curvatures,
respectively, whereas Einstein spaces are a subclass of conformal space [4]. Tuv = (ZLW - Lﬁw) -
(21, — 14,) is an extended conformal stress-energy tensor including electromagnetic energy flux
from the boundary over conformal time. The interaction field equations could remove the
singularities and satisfy a conformal invariance theory. From Equations (3) and (4), the Newtonian
gravitational parameter, Gg, is

4
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where Ep = —Fopd* Fa GP*/4u, is constant under the constant vacuum energy density condition.

According to Equation (5), Gx is proportional to R, the curvature of the bulk (background). In
addition, G reflects the field strength of vacuum energy where any changes in the bulk’s metric,
Juwv =R, changes the field strength of the bulk F,z;. With respect to earth, Figure 1 shows
background curvature due to the presence of sun. Earth and moon are inducing different curvature
configurations depending on their locations. The bulk’s curvature has different values at Point A: red
and blue curves; therefore, Gz is predicted to have different values depending on the moon's
location. Locations of the moon and other planets have to be considered to achieve consistent Gz
measurements.

The moon is away from

the sun and earth

The moon is in between

the sun and earth

curvature depending on the

location of the moon

Figure 1. The blue curve represents the induced curvature by the sun. Concerning both the earth and
moon, this curved background is further curved beneath them as visualized (blue curve). However,
when the moon is at its away location (dotted circles), an altered induced curvature configuration is
shown by the red dotted curve.
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3. Emergence of Mass

The action in Equation (2) is expanded to investigate the behaviour of quantum fields under the
influence of the field strength of vacuum energy that is reliant on the curvature of the cloud-world
and bulk as follows

~2 A
f[ T/lpg yTyagpa]\/'—f[ uvg’w]\/—f [pupvquv aiqz L;zgﬁy]\/__qzﬁdﬂg (6)
uv

uvglw T[unvglw
where L,gL are the Lagrangian densities of two entangled quantum fields of a metric q,, and
four-momentum p,p” while m,n” are the four-momentum of the vacuum energy density of a

Lagrangian density £,,g*’, n is a proportionality constant and 92 isa  dimensional-hierarchy
factor. By applying the principle of stationary action in [3] gives
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where ¢,,, = quy + 24,y is the conformally transformed metric counting for the contribution of the
quantum cloud’s metric, g, and from the intrinsic, §#, curvature of the cloud-world. Similarly,
{,v is the conformally transformed induced metric tensor on the quantum cloud boundary. The
quantum cloud’s boundary term is given as the variation in the four-momentum &p, of charged
fields enclosed within the quantum cloud boundary as the flow of the four-current J, through the
cloud boundary multiplied by the four potential that is generated by the current itself and that is
externally applied toit, 4,. 7,7, = (2L,LS — LaﬁL“B §u/2)/n are Cauchy stress tensors, extended
to four-dimension of the deformed configuration of two entangled quantum fields while T, is the
overall stress-energy tensor of the cloud-world and bulk. Figure 2 shows the quantum cloud where
T,, is the traction vector on the inner surface S; and n is the unit normal vector.

Xy

Lt Tn

Figure 2. The deformed configuration of the 4D relativistic quantum cloud of metric g, along its
travel and spin through the curved background of the cloud-world of metric g,,.

The configuration is given by, §;, the inner surface of the quantum cloud that separates its
continuum into two portions and encloses an arbitrary inner volume while S, is the outer surface of
the cloud’s boundary.
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By separating the two entangled quantum fields with renaming the dummy indices and utilizing

the dimensional analysis, the field equations are

1 v v u u v 1 hGg
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where # is the Planck constant and 7, denotes the energy density and its flux of the quantum cloud
and gy is the gravitational field strength of the cloud-world. The equations in terms of operators are
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where p, and #, are the momentum operators and 7, is the stress-energy (gravitational) operator.
Because the gravitational field strength of the cloud-world of mass M and at radius R is gz =
MGg/R?, a plane wavefunction, 1 = Ae™"®*=*¥) can be expressed by utilizing Equation (9) as ¢ =

Ae IR 2MA Txk | consequently:

A0, = GIPHO = Py = A + (PP, =50 e) = S RO (10)
where y# are the Dirac matrices and the boundary term of the bulk, J#A,, and the spin-spin
correlation, d,1/0d,@, of the conventional and vacuum energy densities, contribute to the emergent
mass.

On the other hand, by using the implicit boundary term of the bulk in [3], the quantizing
equations are

1 1 1n

ih)’”a,ﬂ/’ - E ihy”avguvlp - (]#Au - E]uAV(uv)lp = Ex_ﬂRaRlp (11)
where ¢, = quy + 2§,y +2q,, is the conformally transformed metric tensor counting for the
contributions of the quantum cloud’s metric, q,,, in addition to the contribution from the intrinsic,
v, and extrinsic, G, curvatures of the cloud-world. The interaction field equations can be utilized
to reproduce the quantum electrodynamics using an undeformed configuration of the quantum
cloud and its boundary given by the Minkowski metric 7,, while disregarding the curvature of the
background and its gravitational field strength and using G as the Newtonian present valve. From
Equation (11), the expected value of the quantum cloud’s volume is V = AG /cg. This reveals that the
quantum cloud’s volume is quantized and is reliant on the gravitational field strength. Consequently,
for a single electron of mass m, the symmetric stress-energy tensor of the quantum cloud is J;, =
mc?/V = mgc3/hG. Accordingly, the field equations are

ih #(at+|7’) Lin #(at ﬁ) Liug gyl (12)
iy c Y Zl Y c qull) 2] ulp = chw
The four-current density is J# = eppy*y and by choosing the quantum metric signature as
(1,-1,—1,—1):
Lin #(6f+\7) L e pyrpa,p = > (13)
Sty (Z 4 P ) - Zedyipaap = mey
where e is the charge of a single electron, thus, Equation (13) can be reformatted to
ihy#o, — mcy = ey*A, (14)

This resembles the Dirac equation and the interaction with the electromagnetic field.

4. Conclusions

Numerous precise measurements of the Newtonian gravitational parameter have revealed
many inconsistencies through more than three hundred experiments conducted up to date. It has
been derived in this study that the Newtonian gravitational parameter is dependent on the
background curvature and the associated field strength of vacuum  energy. In addition, the derived
field equations showed that the boundary interaction of conventional and vacuum energy densities
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and their spin-spin correlation contribute to the emergent mass. The locations of the moon and other
planets have to be considered to achieve consistent Gy measurements. As the derived field equations
predict that the value of Gy is reliant on the background curvature, consistent measurements of Gy
with regards to the location of the moon as shown in Figure 1 as well as the other nearby planets can
directly falsify or provide confirmations to interaction field equations.
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