Journal of High Energy Physics, Gravitation and Cosmology, 2023, 9, 1311-1355
https://www.scirp.org/journal/ihepgc

ISSN Online: 2380-4335

ISSN Print: 2380-4327

Adapted Metrics for a Modified
Coulomb/Newton’s Potential

Lucian M. Ionescu®*®, Cristina-Liliana Pripoae2 ©, Gabriel Pripoae3

'Department of Mathematics, Illinois State University, Normal, IL, USA
2Department of Applied Mathematics, The Bucharest University of Economic Studies, Bucharest, Romania

3Faculty of Mathematics and Computer Science, University of Bucharest, Bucharest, Romania

Email: *Imiones@ilstu.edu

How to cite this paper: Ionescu, L.M., Pri-
poae, C.-L. and Pripoae, G. (2023) Adapted
Metrics for a Modified Coulomb/Newton’s
Potential. Journal of High Energy Physics,
Gravitation and Cosmology, 9, 1311-1355.
https://doi.org/10.4236/jhepgc.2023.94090

Received: July 24, 2023
Accepted: October 28, 2023
Published: October 31, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(ORORN o o

Abstract

Modified Theories of Gravity include spin dependence in General Relativity,
to account for additional sources of gravity instead of dark matter/energy ap-
proach. The spin-spin interaction is already included in the effective nuclear
force potential, and theoretical considerations and experimental evidence
hint to the hypothesis that Gravity originates from such an interaction, under
an averaging process over spin directions. This invites to continue the line of
theory initiated by Einstein and Cartan, based on tetrads and spin effects
modeled by connections with torsion. As a first step in this direction, the ar-
ticle considers a new modified Coulomb/Newton Law accounting for the
spin-spin interaction. The physical potential is geometrized through specific
affine connections and specific semi-Riemannian metrics, canonically asso-
ciated to it, acting on a manifold or at the level of its tangent bundle. Freely
falling particles in these “toy Universes” are determined, showing an inter-
esting behavior and unexpected patterns.

Keywords

Modified Gravity Theory, Spin, Coulomb’s Law, Newton’s Law, Modified
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1. Introduction

Our physical take on the Universe is based on two “Standard Models”: Cosmol-
ogy, based on General Relativity, including Big-Bang Theory (inflation, matter
genesis, large scale structures etc.) provides a macro-Cosmos, large scale model
in Space and Time for Matter and its Dynamics/Structure; on the other hand,
The Standard Model of Elementary Particle Physics (EPP SM) studies the mi-

cro-Cosmos, classifying the elementary constituents and their interactions, in
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terms of the so called fundamental forces.

A preliminary justification of our project, in the above context, is followed by
a detailed explanation of the motivation for this approach, and how it fits in the
historical development of the subject (Newton, Einstein, Klein, Cartan etc.), with
emphasis on the minimal solution” (extension of Coulomb Law) and mathemati-

cal framework adequate for Cosmology (Einstein-Cartan Moving Frame Theory).

1.1. How This Project Started

This is a project part of a larger research program aiming to several levels of un-

ification in Sciences, especially in Physics'.

1.1.1. Separation in Physics
A considerable effort in Cosmology is invested in upgrading GR in order to ac-
count for large scale discrepancies in its predictions vs. more and more accurate
and extensive data. On the other hand, there is a need to go beyond the SM, to
address known limitations of the SM. One major (overlooked) such limitation
resulted from the EPP community totally ignoring Gravity, still considered a
fourth fundamental interaction, because it is too weak to be measured and stu-
died in the Lab (with particle accelerators or low temperature physics not honed
for such a study; and because of conflicts of interest...).

The need to bridge the gap between the two SM-s is obvious, to avoid Cos-
mology having to solve its own problems (e.g. dark matter/energy etc.) which

belong naturally to the other camp.

1.1.2. A Bit of History

The historical trend, quantization of Classical Physics, led to the culture that
General Relativity has to be quantized, towards a quantum theory of Space-Time-
Matter-Gravity theory, called Quantum Gravity.

But by now there is a lot of progress in other areas (solid state physics, quan-
tum Hall effect, superconductibility, Quantum Computing—software and hard-
ware etc.) inviting to reconsider the approach, and attack the Graal of Physics,
from another direction: unify Gravity and Electromagnetism, as a byproduct of
unifying ElectroWeak Theory and Quantum Chromodynamics. The key point is
to understand that positive charges are not pointwise, and that both the neutron
and proton have an electric charges quantum structure which might be respon-

sible for the Gravitational Force as a correction to the Electric Force.

1.1.3. A Possible Breakthrough

This avenue of research and development in EPP beyond the SM has a long his-
tory [2] [3] [4] [5] [6], targeting also Gravity, at the level of experiment and
theory, both peer-reviewed (e.g. F. Alzofon, Podkletnov, Li Nang [7]) and pros-
pective. The facts established so far without a doubt include the following: rota-
tion, magnetic fields and superconductivity, together with Dynamic Nuclear

Orientation based on electron orbital-nuclear spin coupling, exhibit force effects

'Considerations based on an extensive research in Mathamtics, Physics and Computer Science [1].

DOI: 10.4236/jhepgc.2023.94090

1312 Journal of High Energy Physics, Gravitation and Cosmology



L. M. lonescu et al.

and phenomena which cannot be explained by EM, affecting the weight of the
object involved.

Note the parallel: not only GR based dynamics cannot explain all “Cosmolog-
ical Data, but also SM based phenomenology cannot explain all Lab data”...

Maybe there is a common reason?

1.1.4. “Einstein Is Always Right”
While this is still a long road to follow, a line of research on the other “camp”,
Cosmology, consists in developing the Einstein-Cartan Theory [8] (Moving Frame
geometry) as a framework to accommodate an effective theory of spin-spin inte-
raction in a mathematical framework based on connection geometry which in-
cludes a theory of spin!

This provides a common language with the gauge theory approach in the SM

and prepares the formalism to accommodate quantum spin at EPP level®.

1.1.5. The Journey of 1000 Miles

Our long-term plan of R&D (bridging the two SMs) was sketched in several pre-
liminary articles [4] [9] [10] (not peer-reviewed), reaching the above conclusion,
that an improved, gauge theory friendly mathematical framework including a
spin-spin interaction is needed, as a continuation of the line of research initiated
by Einstein (teleparallelism, tetrad approach) based on Cartan Moving Frame
geometry. This will be a part of Alternative Theories to GR, a big tree with
MOND [11] [12] and Scalar-Tensor-Vector Gravity [13] as branches, which
both have entertained the use of Yukawa nuclear force potential to modify the

Newton (Coulomb like) force law to account for the mentioned discrepancies.

1.2. Why Invest in It...or Just Come along with Us!

The advantages of our approach are: 1) We design a framework as an effective
theory, independent on the “quantum details” corresponding to the nuclear dis-
tances and model for the baryon quark field; 2) It can model a gravitational
charge both positive and negative, as proved by experiment: F. Alzofon [5], re-
produced by other R&D groups [7] [14] (see also Li Nang, Podklednov etc. [6])
and predicted by theory (new advancements in the SM, based on a reinterpreta-
tion of the quark model [3] [2]); 3) It is a continuation of Einstein’s work and
extraordinary intuition of Cartan’; 4) The value of such a development is inde-

pendent on the validation of the cited publication not peer-reviewed.

1.3. Motivation and Background

There exist extensive Cosmological data supporting that General Relativity (GR)
does not accurately models Gravity and Space-Time-Matter Dynamics, accord-
ing to the amount and distribution of mass and energy-momentum in the Un-
iverse that we account for [15].

A modification of GR, as an alternative to introducing dark matter and ener-

2... and we owe it to Einstein...
*The same mathematician that developed the theory of differential forms etc.
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gy, is called Modified Gravity Theory (MGT) [16] [17] [18]. In these theories,
correction terms are introduced, of the same geometric nature as in GR, e.g. in-
volving an additional R term in the Einstein-Hilbert action, the square of the
curvature tensor.

In a totally different direction, from Cosmology to Particle Physics, experi-
mental physics demonstrated a connection between gravity, rotation and mag-
netic fields [5] [6]. This is expected if we take into account the quark structure of
nucleons, with the three distinct fractional electric charges, of opposite signs,
with their orientation given by spin, as in the Standard Model of EPP.

This (Theory and Experiment) suggests that gravity is of quantum origin (not
to be confused with Quantum Gravity as a theory quantizing GR!), a correction

to EM due to the internal structure of nucleons.

1.3.1. Gravity and Nuclear Spin Orientation

Indeed, several experiments consistently proved that gravity is nuclear spin orienta-
tion dependent [5] [7] [14]. The theoretical model and justification comes from
analyzing the quark structure of nucleons, an essential part of the Standard
Model of Elementary Particle Physics [19]. This is quite a recent line of research
in the 2020s, and like a similar breakthrough (Quark flavors corresponding to
Platonic symmetry groups: [2] [3] 1990s), are not yet developed at “textbook
level”, to be included in the mentioned SM. Furthermore, the fact that Gravity is
so weak is a deterent in EPP to be studied experimentally, and hence it is planely
ignored completely (relying on GR as a “standard model” for Gravity).

This approach, of identifying Gravity with a correction of EM component of
nuclear fields, is natural because: 1) There is extensive experimental evidence in
the laboratory [6]; 2) Gravity is systematically neglected in Elementary Particle
Physics (Standard Model) and High Energy Physics; 3) The formal separation
between the other three fundamental interactions within the Standard Model, or
more accurately between the Electro-weak Theory and QCD prevents for the
understanding of “fine structure” of nucleon interactions.

In this paper, we build a simple theoretical model by introducing a spin-spin
interaction term, as a correction to the classical electric force, modeled by Cou-
lomb's Law, in the point-wise charge model. This is an effective way to account

for the structure of a nucleon, including the structure of the electric, ze. diver-

gent, component, which is modeled as fractional charges of their quarks.

Below we included a schematic picture of the electron-proton scattering expe-
riments in the 1960s that proved that the proton, hence the neutron also, has a
complex structure, including its electric field [20].

Further electron-deuteron scattering experiments in the 1970 [21] confirmed
that neutrons too have a complex electric field, and are not electrically neutral
The mathematical fact that algebraic sum of the fractional charges of the neu-
tron’s “partons” (generic term for internal parts), does not mean the neutron’s
electric field is a linear superposition of pointwise isotropic (fractional) charges;

hence if the quarks are not accurately modeled as pointwise charged (electric
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clectron

and color) particles, then a tensorial/complex non-isotropic vector field modeled
is needed; hence the idea of a minimal modification of Coulomb’s Law, to ac-
count for a directional contribution, spin related.

Comparing with the currently accepted theory, we found that Nuclear Physics
already accounts for such a contribution to the effective potential of the Nuclear
Force [22], without reference to Gravity.

Remark 1.1. Note that some obvious immediate consequences ensue, by si-
milarity with EM: polarization effects! In fact the two theories, EM and Gravity
correction, have much more in common, since the magnetic field (direction) is es-
sentially due to electron orbital “spin” (with a contribution from intrinsic spin)
and, we claim Gravity is due to nucleon’s spin (and maybe a contribution from

an analog of internal nuclear orbits).

1.3.2. Pointwise Charge vs. Baryon Field
Note that the Coulomb electric field is isotropic, Ze. SO(3) invariant, as de-
manded by modeling electric charges as pointwise.

In reality (experimental physics), the negative electric charge we denote by e
is totally different, in structure, from the positive electric charge of the proton.
Even the neutron, electrically neutral when modeled as a pointwise particle, has
a non-trivial electric charge structure, consisting of two directions repelling as a
—1/3¢ fractional electric charges, and one direction with an electric (divergent)
field equivalent to a —1/3 fraction of the electron’s electric charge ¢ [23].

An early attempt to unify EM and quark model of EPP, based on a “stringy”
version gauge theory, aiming to construct the electron, meson and baryon fields
from a quantized magnetic flux was done by Jehle [24] [25] [26] [27]. Both the
emergent magnetic flux and electric field of elementary particles (electron and
baryon) were derived in a way which is compatible with the present approach

and previous proposal of the first author [28]*

1.3.3. Nucleon Electric Field’s Complexity May “Hide” Gravity
We included these details to convince the reader that there is much more to un-

*A String Gauge Theory approach will be developed elsewhere.
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derstand regarding the electric field of the nucleons (and electrons), beyond the
classical isotropic, Coulomb Law.

At present, the Standard Model “struggles” with other issues, and the above
presented considerations are studied by various researchers and laboratories in-
dependently, not being “ready” to be incorporated into the SM.

In fact several other authors claim that the Standard Model already contains
the necessary ingredients to model the new Theory of Gravity [28] (see also ref-

erences within).

1.3.4. Preparing the Way
What is clear so far, is that a non-isotropic “Coulomb Law”, spin direction de-
pendent needs to be studied and that such a model can explain the experimental
evidence mentioned above.

At the same time, this is a “perfect fit” for developing Einstein-Cartan genera-
lization of GR, which incorporates spin as a source of torsion.

Once the theory will be developed, starting with the evidence in the Lab, at
micro-cosmic level that Gravity maybe of nuclear origin and its strength, spin
direction dependent, one would have to derive the consequences. Then, one
would have to compare the observational evidence involving rotating masses ex-
hibiting EM fields; such “spin data” needs to be fed into the Einstein-Cartan
Model including a spin-spin interaction term in the Lagrangian, conform with
the proposed Modified Coulomb Law. Finally, the dynamics needs computed,
and analyzed if the resulting dynamics explains the known observational data,

explaining the discrepancies and deviations from GR predictions.

1.4. History

The pillars of Gravity theory are two, so far: Newton’s Theory and Einstein’s
General Relativity.

1.4.1. Newton’'s Gravity
Newton gave the first theory of gravity, within the framework of Classical Me-

chanics:

F=ma (Framework for Dynamics)

mM
r2

F;=G

(Constitutive Law of GraVity) ,

especially designed for the derivation of Kepler’s Laws. These were conjectured
based on the observational data gather by Tycho Brahe. There are a few addi-
tional assumptions: central force and always attractive.
One can then separate a gravitational field intensity E, derived from a gravi-
tational potential, from the force itself:
Particle : F; = GmE,, Field: E; = —grad (U),

, 1 (1)
Potential : U (M;7, )= M =; r =|7,|.
r
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We assume the source of the field is an object of mass A/ at the origin of the
coordinate system. (Here we use the traditional notation for the electric field in-
tensity.)

This is typical of field-particle theory, where determining the dynamics of the
probein a field generated by a distribution of sourcesis the main direct problem.
Note that the charge of the probe, which measures the response of the probe in a
given field, decouples from the charge for the source, and the interaction
strength is proportional to their product (reflects the superposition of individual
contributions from the elementary particles constituting the two bodies, corres-
ponding to a bipartite graph).

It turns out that Newton’s Law for gravity is a modification of the universal
paradigm of static force fields, central and isotropic, embodied in Coulomb’s
Law as a central piece of Electrostatics. These modifications (only positive charges
and different sign in the force law) were needed to have gravitational force al-
ways attractive. A speculative analysis points towards the conclusion that Gravi-

ty is of quantum origin [29].

1.4.2. Einstein’s General Relativity

General Relativity represents an unprecedented change of paradigm: 1) Model of
the Universe as a whole, leading to Cosmological models, including a scientific
theory of Genesis; 2) Its model for interactions, dedicated to Gravity, but later
extended as in kaluza-Klein Theory, uses a deformation of the (space-time) me-
tric, which anticipates the introduction of propagators in QFT.

Remark 1.2. Newtor’'s Law of Gravity solves Poisson equation as the funda-
mental solution (later Green's function in Klein-Gordon equation etc.). The
PDE-symbol of the Laplacian is the Euclidean metric. If one changes the metric
Green function changes; the next paradigm is that of QFT, which specifies the
Green function itself, as the propagator, in a background metric, usually eucli-
dean.

This allows to encode dynamics as geometry: dynamic trajectories as (metric)
geodesics. Later on the Gauge Theory paradigm advanced by using connections,
ILe. using parallel transport rather than the metric’s Levi-Civita connection. 3) It
had major successes in predicting corrections to Newtonian model; 4) It pre-
dicted radiative aspects, which were recently detected Section 11.

These achievements and its major role as the Standard Model of Cosmology
will remain, in our transition towards a Quantum Physics which updates also the

Cosmological model Section 12.

1.4.3. Post-Newtonian Theories
There are many attempts to improve Newton’s Theory without engaging Eins-
tein’s GR. For example, MOND [11] [30] [31] attempts to explain some Cosmo-
logical difficulties of GR by modifying Coulomb’s Law, including a Yukawa po-
tential term, of nuclear force origin.

Reports of being short of explaining many such observational data, and also
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being inconsistent with many other aspects already well understood in the clas-
sical dynamics, can be found in the presentation [32].

On the other hand the idea of involving the nuclear force potential has ob-
vious merits.

These are useful attempts, but the main lesson from GR is that Einstein un-
derstood (among other things) that Gravity is not really the result of a classical
force field, but rather it has a geometric origin (mass curves Space-Time), in or-
der to explain its always attractive character. As explained elsewhere, deforming
the metric is a precursor of introducing directly the propagator, in order to
model a fundamental interaction, as in Quantum Field Theory (QFT).

Post-Coulomb. The evolution of Electrostatics and Electromagnetism (EM)
(Maxwell) lead to Quantum Electrodynamics QED, a complete theory explain-
ing radiation and much more. Yet, Gravity was still left separate from this

framework.

1.4.4. Beyond the Standard Model

Problems in Physics, and in general, should not be solved in isolation (e.g.
MOND as a MTG). The crises in Particle Physics [33] have many additional
conceptual problems which can be solved together by a Network Model together
with Quantum Computing model for the Quark Model of Standard Model (SM)
in Elementary Particle Physics [28] [34] [35]. This is a proposed new paradigm
not yet going through peer-reviewing.

The most important consequence is that it explains theoretically, based on the
accepted SM, that Gravity is of quantum origin, due to quark structure and
nucleon spin-spin orientation dependent, which is confirmed by experiment [5]
and implemented technologically, as far as we can tell from observation and

historical data.

1.5. Our Contribution: An Elementary Modified Theory of
Interactions

Instead of adapting the metric, as in GR, we include the experimentally proved
dependence of gravitational mass on the nuclear spin orientation, as a “deforma-
tion” of the Coulomb Law.

This provides the elementary level of extending GR, justified by the SM struc-
ture of matter and avoiding the differential geometry formalism, at this stage’.

Hopefully it will revive the interest in Einstein-Cartan-Evens Unified Field
Theory [36], which includes tetrads (moving frames as a substitute for baryon-
electron 3 + 1D systems in Gauge Theory) and spin contributions, which do af-

fects gravitational interaction of two masses.

An Elementary Mathematical Model
While some of the above claims maybe/are controversial, in this article we de-

velop a mathematical model for a field interaction which includes gravitation as

°In EM: from Faraday to Maxwell-Einstein, back to Coulomb to include spin, then Cartan-Einstein...
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a modification of electrostatics’. It “hides” the quark structure pertaining to SM
in Elementary Particle Physics, and we implement a correction to Newtonian
gravity, along the lines sketched above, as a spin-spin interaction fluctuation of
the GR metric.

This reflects the main idea of previous cited papers that Gravity is of electric
nature, and the interaction between two bodies can be controlled, precisely by
changing the nuclear spin orientation [4] [5] [37] [38].

While the Physics-oriented reader may disagree with such claim, the resulting
mathematical-physics model has an independent merit, among the class of
Modified Theories of Gravity (MTG) [39]. In this way, we formulate this theory
as an effective theory of Gravity, as an emergent phenomenon of a quantum ori-
gin. This MTG, including a spin-spin interaction component can be tested against
Cosmological data, to see if it explains the departure from GR, without dark
matter and dark energy.

In Section 2, we postulate a Modified Coulomb Law, by using an ad-hoc fam-
ily of Lagrangians, “parameterized” by two scalar charges. Several classical and
recent arguments are brought to justify our suppositions.

In Section 3, we postulate an electro-gravitational potential for the Modified
Coulomb Law, by using a family of Lagrangians, “parameterized” by the scalar
charge. An associate vector potential ¢ and an electro-gravitational force field
E are derived.

In Section 4, we define two linear connections, canonically associated to ¢
and E . Their fundamental property is that the trajectories of the two vector
fields are auto-parallel curves of the connections, respectively. Numerical com-
putations (extended in Appendix A and in Appendix B) show how “freely fall-
ing” test particles move in 3D space, under the action of the respective vector
fields.

In Section 5, we define six adapted metrics, canonically associated to ¢ and
E . The trajectories of the two vector fields are geodesics. We obtain some cur-
vature properties and we remark that the respective geodesics are somehow re-
lated to the auto-parallel curves in Section 4. “Freely falling” particles moving in
these six semi-Riemannian manifolds are candidates for replacing trajectories in
post-Newtonian models, which, in general, are not “geodesics” within some spe-
cific geometry.

The geometrizations in Section 4 and Section 5 extend our previous studies
concerning the similar problem in the 2D case, for the Newtonian potential vec-
tor field ([40] [41] and references therein). These are “toy models” for future
more focused geometrizations, approaching specific gravitational data sets from
both relativistic and post-Newtonian frameworks.

Limitations. Again, we would like to emphasize that we will focus on a new

(and speculative) mathematical model of force fields, spin dependent, develop-

®Unifications “never worked”: two theories that are too restrictive, cannot be unified, while keeping
their foundations unchanged... Maxwell’s Theory is in fact a new framework for field theory, and
perhaps a notable exception!
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ing it aside the motivation presented above, which is of course debatable. We
have no proofs that our model will fit with experimental tests or be free of in-

consistencies.

2. The Modified Coulomb Law

The modified Coulomb Law (MCL) includes a spin-spin dependent term, cha-
racteristic of the nuclear force due to quark fields [22], to be explained later on.

After reviewing the Newton/Coulomb Law, we will show that such a modifi-
cation of the electric component of the nuclear force yields an effective average
force modeling gravitational interaction, always attractive.

The representation in terms of a scalar-vector potential is addressed later on.

2.1. Coulomb/Newton Law in Euclidean Space

We will review briefly the analysis of Newton’s Law of Gravity from [29].

Coulomb Law in Electrostatics is the universal paradigm for a field with iso-
tropic singularities as material sources, having no other singularities, like for in-
stance Lagrangian points in Newtonian gravity.

The difference between Coulomb of Newton Law amounts to signs of charges
and orientation of the force: ~ tq,q, / r* . Their essence is the 1/r harmonic po-
tential as a fundamental solution of Laplace equation, mandatory for any central
conservative force.

Since we postulated that Gravity is of electric nature, we can restrict to Cou-
lomb Law, showing that under averaging spin-spin interactions the low energy
regime yields an attractive force for a pair of bodies: Newton’s Law of Gravity.

For additional details see [29].

2.2. A Spin Dependent Force Field

Now we introduce a spin-spin interaction term in the known formula of the
Coulomb potential. For simplicity we will then focus on the correction term,
considering particles with zero total charge (for now).

For a pair of elementary particles, say neutrons, protons or atoms, we consider
a modification of Coulomb Law (central and conservative force, with a harmonic
potential for the Euclidean metric) which includes a spin-spin dependent term,
breaking the SO(3)-invariance of the corresponding potential. Note that the
electric force of pointwise charges is isotropic.

Consider two (fixed) particles with charges ¢, and spin V,, located at 7.
We will denote the corresponding elements in the (total space of the) tangent
bundle by & =(7,v,).

Definition 2.1. The Modified Coulomb Law (MCL) is postulated as follows:

1 - S 3
F(‘]péﬁ‘]z’gz)zk'r_z'[%%_Fs(vlnvz)]n S =(rwvf)ETR ) (2)

where

Fy (v, %,) =4V, -%,, r=|i-5|.
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Here ris the distance between the two particles at positions 7 with spins V,
and we assume trivial parallel transport between the two points representing the
positions of the two particles. We denoted by k4 the Faraday’s constant and by 1a
constant to be identified later on, from the effective potential for the nuclear
force. We remark that Fin formula 1 is a scalar.

If we allow the two particles vary arbitrarily, we may interpret
F =F(q,,¢:9,,5,) as an infinite family of Lagrangians of the configurations
space R°

F=F(q.6:4,.5):(RxTR*) =R*xTR® >R, (3)

“parameterized” by the two scalar charges. Its “graph” is a parameterized “sur-
face” in the space of all the Lagrangians of R’ (see Figure 1, where we neg-
lected the other variables in F).

What Is a “Relative Charge”?
The inner product ¥, -v, may be thought of as defining a relative charge for
this type of interaction. The strength of the interaction is not the usual ¢, , with
g, charges of the particles themselves, but a measure of the interaction (charge
strength) depending on both particles. This cannot be separated into a scalar
charge of particle 1 and a charge of particle 2, as in the “Field-Particle Dynamics
paradigm” explained above, where the probe who’s dynamics is studied has
small charge, and does not contribute significantly to the field produced by the
other charges, as sources of the field (material singularities).

One way to represent such an interaction in terms of charges, requires to con-
sider vector charges.

Definition 2.2. The 4-vector charge of a particle is q=(q,v), where q is the
usual electric charge and v Is the vector interpreted as spin.

The 4-vector charge is an intrinsic variable, to be compared with the angular
momentum, the magnetic momentum [42] [43] or the quantum spin [44] [45]
[46].

The “Space of all the
Lagrangians of R "

= (wl‘_,\ A ‘112.] Ez

Figure 1. The double parameterized “surface” of Lagrangians F.
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The Modified Coulomb Law has the form

1
F(énéz):k'(q]aqz)r_g’ r=|7’{—7’2|, 4)

and the inner product on R’ has a Lorentz metric signature
<q13q2> =49, _ﬂ"—}l ’ ‘72'

Here k and A are considered positive. We will not worry about units at this
time.

Remark 2.1. The quaternionic product of two quaternions
q, = (‘1;:‘7;) eH=R" includes a cross product term that could be associated to
a magnetic effect and Lorentz force, derived from a vector potential in EM (to be

discussed later on).
q -9 :(qlqz =V, W,V ><\72).

This formalism is due to Heaviside, which separated space and time, intro-

ducing the dot and the cross products.

2.3. The Spin Distribution and Partition Function

When to bodies interact via the above force field, the directions of spin, corres-
ponding to a random distribution in the absence of an interaction, will tend to a
distribution that minimize the relative energy, according to Bolzmann Law
yielding the partition function of the system.

How this distribution depends on temperature, internal energy and other
fluctuations (magnetic fields, spin precession etc.) is too complicated of a process to
be discussed in the present article. Hence, we will just demonstrate that in prin-
ciple it can yield an always attractive force, and adopt the simplest model (see
below).

2.3.1. Gravitational “Tides” on Spin Directions

The presence of a smaller body (e.g. Moon) orbiting around a bigger body (e.g.
Earth) defines a configuration of spin directions which reduces the energy of the
system (“decay” towards lower energy levels). We claim that an entropic prin-
ciple (2nd Law of Thermodynamics) keeps the system from reaching the lowest
ordered state. Unfortunately, we cannot compute at this time what is the equili-
brium distribution.

Intuitively, this process is similar with the high tide and the low tide on/off
that Moon’s gravitational attraction causes on the oceans of Earth, except im-
plemented at the level of spin directions, and not as changes of positions (dis-
tance from Moon).

We call this process Natural Nuclear Spin Orientation.

2.3.2. A Simple Example
Assume we have only two (neutral) particles of spin s = 1/2, with two possible
states “up” and “down”, aligned on the direction joining the two particles.

The four possible orientations of the spin yield four energy levels E,,
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i,je{-1,1}.

The energy levels are invariant under simultaneous change of direction, hence
the two extreme cases, of minimal and maximal energy levels correspond to spin
directions being parallel or anti-parallel. This exhibits the properties needed to
yield lower energy levels when the spins are anti-parallel, hence yielding an at-

tractive force.

2.3.3. On the Partition Function for Gravity
The distribution of spins in a body, considered as a probe, in the presence of a

larger body, is governed by Boltzman Law determining the partition function:
Z =Y exp(—E,/kT).

In our case it is not clear how temperature may enter in the determination of
the distribution.

One alternative is to assume spin directions are linked in a nucleus, and over-
all coupled with the electronic spins. Then the response of a probe to the gravi-
tational field of a large body is similar to magnetization of diamagnetic mate-

rials, and it is difficult to estimate at this stage.

2.3.4. Comparison with the Ising Model

A model of how spins are coupled in a lattice of particles with spin is the Ising
Model [47]. It uses the Hamiltonian formulation of Mechanics. This model is
defined for a lattice of sites with a spin configuration allowing two values: up
and down. The interactions are restricted to adjacent sites. The Hamiltonian of

the system is:
H==3J,00,-3 .0/
ij i

where /1 defines an external magnetic field. The coefficients J; model the inte-
raction strengths, hence E; =J;0,0; is the mutual interaction potential.
This model could be used to build a model for the partition function for our

framework.

2.3.5. Gravity Lattice Model
It is natural to allow now interactions between any two sites (our baryons) and
include an inverse square law accounting for the distance between sites.

In addition, one has to include in the Hamiltonian the kinetic terms and allow
for additional spin directions and spin numbers. One may use the formalism for
electron levels in an atom, essentially the SU(2)-representations: / the angular
momentum quantum number and m, the magnetic quantum number relative
to the spin direction.

In view of 3 quantization, ie. finite subgroups of symmetries of SU(2) (Pla-
tonic), the angular momentum directions/spin directions may be quantized ac-
cordingly. Using the solid state physics models would provide additional infor-
mation regarding nuclear spins and susceptibility to polarization (magnetic/

magnetization and gravitational as in Nuclear Magnetic Resonance (NMR)).
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2.3.6. Magnetization and Gravity

Magnetization of a material is due to polarization of spin directions of electrons,
orbital and intrinsic spin (magnetic moments). Gravitational charge of a body is
due to polarization of spin directions of nucleons in nuclei.

In what measure polarization of electronic spin and orbital momentum affects
the nuclear spin is, again, a problem of solid state physics, and will not be ad-
dressed here [48] (see [49] for a friendly introduction to DNP). Note that the
strong force coupling between nucleons in a nucleus may prevent an easy align-
ment of their spins. (The nucleus behaves like a lattice, although there are “drop
models” that suggest a “liquid” state for the nucleons, with less strong restric-
tions regarding spin orientation.)

We just mention that this can be achieved, and the process is called Dynami-
cal Nuclear Orientation. Microwaves at Larmour frequency are used to excite
electron spin and precession at Electron Procession Resonance frequency. The
electronic spin-orbit couples to nuclear spin, leading to change of the weight of
the test probe, as demonstrated by experiments [5]. This is consistent with a va-
riable modified Coulomb vector charge as defined in this article.

Several questions arise. Does the magnetization of a material in a magnetic
field, affecting statically the electron spin directions, impact the random lattice
of nuclear spins in nuclei enough to change the weight of a body? (Without mi-
crowave driven Dynamic Nuclear Orientation (DNO)). Usually not; but, in con-
ditions of superconductivity and rotation, the answer is definitely yes [6], as
demonstrated by experiments of Potkletnov, Ning Li etc. (loc. cit. and references

within).

2.3.7. Temperature and Weight

The temperature is expected to affect the weight of a body, through the variation
of the internal energy and general principles: E = mc” , tensor energy-momentum
in GR; but the expected contribution is too small to explain the measured varia-
tions, which invites to investigate other mechanisms [50].

In the context of our spin-dependence of Gravitational charge (weight) it is
natural to attempt to correlate with the change in the distribution of nuclear
spins.

Regarding the dynamics of bodies in gravitational field, e.g. planets, the de-
pendence of mass on temperature is absorbed into an “effective mass”, since the
dynamics is usually investigated at thermal equilibrium.

Further studies are needed to test how the Gravitational permitivity of various

materials depends on temperature, magnetic fields etc.

2.3.8. On Gravitational Constant
Gravitational constant is presently known to four significant digits [51] [52] [53]
[54]. It is remarkable that G was already measured with reasonable accuracy by
Leonardo da Vinci around 1500s [55].

The main point from the above is that G is not a universal constant, and not

even a “running constant” like other coupling constants of fundamental forces,
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but rather an effective constant like e/asticity modulusin Hook’s Law.

Note that the so called “Universal Constant of Gravity” is defined in terms of
planetary motion, or well controlled experiments (Etvos etc.), and used in con-
junction with the standard for inertial mass. The variation of weight reported in
various experiments, involving a change of temperature, magnetic field, rotation
etc. reflects a complex dependence of the gravitational charge, which we claim, is
due to a change of the distribution of nuclear spins: Gravitational polarization
and permitivity.

In the case of Gravitational polarization due to a magnetic field, the contribu-
tions due to electronic and nuclear spin and orbital momentum are difficult to

separate.

2.4. The Effective Force

We will leave the difficult aspects of solid state physics and controversial expe-
riments mentioned above, and focus on the problem if in principle Newton’s
Gravitational Law may emerges from a spin dependent correction to Coulomb
Law.

Average over spin directions with a bias towards attraction: spins orient

slightly towards a lower energy level for the potential...

2.4.1. Two Bodies Problem
The emergent gravitational attraction is the result of averaging the spin-spin in-
teraction due to quark fields. The (unknown) distribution of polarized spin di-
rections for two bodies in closer proximity, so that the other bodies influence
can be neglected, is denoted by o (v,,v,) over & with a broken symmetry by
the z-axis (joining the two bodies).

The resultant is the integral over S”xS”. Assuming the joining axis is the

z-axis reduces the above integral to a surface integral.
Fl =0 dF (4:8)-

5%xS$?
A finite sum over number of particles N and M of each body defines the above

in the limit of large numbers of particles (densities etc.):
FI =Y F(&.4),
ij

with the obvious notation used.
Represent this as an effective force, as in Newton’s Law (left hand side) and
MCL (right hand side):

FG(f):FGe'ff

allows to compute the Universal Gravitational Constant Gin terms of the distribu-

tion of spin directions and atomic parameters (mass of nucleons m, = Nm,, ).

2.4.2. Newton-Coulomb Approximation
To refine the above considerations, we assume the large body G-potential is the

effective Newtonian potential, and further investigate the emergence of the ef-
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fective force of the test probe, due to the micro-structure of spin directions and
Modified Coulomb Law.

This simplifies the estimate of the distribution of spin directions due to pola-
rization effects of the larger body. It also depends on the representation of the
MCL force in terms of a potential, which will be addressed later on. This will al-
low to relate the MCL force and the partition function involving the distribution

of spins and energy levels of the spin-spin interaction.

2.4.3. Conclusions
The “universal Gravity constant” is thus computable, in principle (using Boltz-
mann’s distribution corresponding to energy levels), in terms of atomic parame-
ters (nucleon masses and experimentally determined G-permitivity). With a
correct SM theory of the quark fields one may expect being able to derive Gfrom
fundamental constants (e, m,) and perhaps relate it with the coupling constants
for Eand M: a=g,/g,, -

As a byproduct, this provides a reasonable solution to the Hierarchy Problem
(33].

3. The Vector Potential of the Modified Coulomb Law

The MCL force can be represented in terms of vector potentials similar to EM.

3.1. The Classical EM

A quick review is in order, to prepare the epistemologic jump in 3.2.

3.1.1. The EM Force

Recall that in the case of EM, the force has two terms, called the Lorentz force:

F=F+F, F=q(E+vxB).

The first term is responsible for mechanical work and is referred to as the
electric force, while the second term preserves the energy, while changing the

direction of the moment of the test-charge, conserving its energy.

3.1.2. The Charge and the Field Intensity

Next, the separation between probe, charge and field intensity is relatively sim-
ple, since the electric charge ¢ is a scalar and there is no classical “magnetic
charge”: only an electric current (moving electric charge) produces a magnetic

field (this includes the case of a Lorentz transformation):
F(q:¥)=qF, F=E+VxB.
Note that here v is the velocity, since mass can be isolated from linear mo-

mentum p =mv, although depending on the coordinate system (Lorentz con-

tractions and mass depends on velocity).

3.1.3. The Potentials
The electric field intensity E is represented as by a scalar potential #(7.1),
while the magnetic field B is given by a vector potential A(7,t):
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: oA
E=grad($)-—, ¢=q/r,
ot
B = curl (A)
Note that a physically meaningful vector potential satisfies Lorenz gauge [56]
.z 1 0¢
div(A)-—-—=0.
( ) ot

If the magnetic field is due to a dipole 71, then

A: 1 mx7r

2
dnr® 1

Note that the spin of a particle is associated to a magnetic moment modeled as

a magnetic dipole.

3.1.4. The 4D Formalism

This description can be unified using a relativistic approach and differential
forms, as in a gauge theory approach. The EM tensor is a 4-by-4 tensor includ-
ing Eand B:

F =dA, A=(¢,21),

Remark 3.1. Since the gravitational potential is capable of work, it has a di-
vergence component, hence cannot be obtained from a static magnetic field, and
the Faraday's Law has to be included as above in the formula for the electric
force intensity.

Remark 3.2. In hindsight we know that Gravity is of quantum origin, due to
quark structure of nucleons. A natural question arises. “Is the relativistic formal-
ism needed, or the spin directions of nuclei are ‘static sources of magnetism

(magnetic moments), and the description can be kept at a classical level?”

3.2. MCL Potential Theory

The main complication here is that the “charge” is vectorial. Recall that the elec-
tric charge as a scalar multiplier reflects the radial (conformal) homothety, cor-
responding to the fact that the electric charge produces an isotropic vector field,
purely divergent.

Not only that, but what we call “electric force” is the longitudinal component
of the force acting on a moving test-probe charge. Nevertheless the probes
charge acts as a scalar multiplier for the overall force field intensity.

Remark 3.3. For our vector charge setup, the tensorial formalism seams more
appropriate [57]:

F =dA, A differential 1- form Lie algebra valued.

Alternatively the permitivity tensor could be introduced to implement the
break of rotational symmetry characteristic of a scalar charge q.
Definition 3.1. The electro-gravitational potential (MCL) produced by a vec-

tor charge q° = (qo , \70) at the origin of the coordinate system and oriented in
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the v° -direction is a function ¢:RxTR® — R, of the form
. 20 -1
¢(q9rss):=_k'(q0q_)“v0'S):s (5)

where A isa coupling constant to be determined later on and r := |17 | .

We remark that ¢ defines an infinite family of Lagrangians of R’, parame-
terized by the scalar charge. Its “graph” is a parameterized “curve” in the space
of all the Lagrangians of R’ (see Figure 2, where we neglected the other va-
riablesin ¢).

The associated vector potential
T == 0 0 1
¢(q,r,s):=—k-(q q-Av -s):@, (6)

is a vector field on RxTR’.

Note that the potential has a spin direction dependence as if the “effective
charge” at the origin depends on the polarization of the probe. In other words, it
is as if reorienting the spin of the test-probe (¢',s ) will have the test-probe
react as if its “gravitational charge” has changed. (Whether this is related to iner-
tial mass or not, is a different problem.)

Definition 3.2. The electro-gravitational force field intensity for the MCL is

E=v(4), 7)
where V=(ax,ay,az). This vector field E=E(q,7,§) in RxTR? may be

written

E:k-riZ.(qu—,wO-g)a,. (8)

Remark 3.4. As noted above, a tensorial approach could be used where the
permitivity and the charge itselfis a tensor, e.g. O = diag[+2/3,-1/3,-1/3] for
the case of the neutron, in terms of fractional charges of the quark fields in the
3D-frame of principal directions (RBB spin directions/ magnetic moments).

Then the Coulomb charge is a total charge q=Tr(Q) would be zero for the

The “Space of all the
Lagrangians of R

R

Figure 2. The “one-parameter curve” of Lagrangians ¢ .
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neutron, yet an electric nontrivial structure would be present, responsible for
Gravity.

3.3. The Modified Potential for Gravity

We will focus on the 2™ term, without the first Coulomb term, assuming the
particles have electric (Coulomb) charge zero (e.g. neutrons or atoms), to focus
on a gravity type of force, as a perturbation of the electric force.

If we assume the 1* particle is at the origin, with spin in the direction of the
z-axes, then from the inner product of the two charges, the potential associated
to the source becomes v_, since here ¢, =0. This could be related with the
projection of the magnetic moment 1, for example of the electron in the hydro-
gen atom.

Note that the spin dependence introduces a degree of freedom which allows
the force on the probe to point inward, towards the source, or outward. Hence
this new theory of gravity predicts that Gravity can be controlled, in accord with
the experiments of Alzofon [5]. (This was the goal in the first place, for intro-

ducing such a correction to the Coulomb Law.)

3.4. Comparison with Nuclear Force

The above formula contains two terms from the effective potential of the nuclear
force [22]. For reader’s convenience we reproduce a simpler form of the corres-
ponding effective potential and include a few explanations from [58]:

Vin =Ve(r)+V, (r)o, -0, +V.(r)r, -1, +V, (r)o, -0, 7, 15,

where the first term is the Coulombian part, the second depends on both spins,
the third on isospin and the last one on both (loc. cit.; see also [59] [60]).

Note that except for the Coulomb potential, the other terms depend on both
particles, Ze. it is a “relative potential” to be used in the Lagrangian formulation
of mechanics, and does not allow a field-particle separation.

The spin and isospin terms should be refined using the concept of quark field,

in view of the quark structure, based on the expanded version [22].

3.5. The Field-Particle Formalism

The above considerations show also that the separation of an interaction into a
Particle-Field formalism, where the field does not depend on the presence of the
probe, can describe the “polarisation” effect underlying Gravitational force, as a
macroscopic weak force (see also [19] [29]).

Indeed, as a partial solution consider the larger body, e.g. Earth, modeled as in
Newtonian theory (uniform spin distribution, yielding an isotropic field), but
consider the change in the spin distribution for the smaller body. This avoids
having to know the distribution of spin directions for a pair of bodies.

Hence we may assume we know the G-field for Earth and model the spin de-
pendence of the interaction differently: the second correction term in the Mod-

ified Coulomb Law can be replaced by a correlation between the spin direction
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v, and the usual Newtonian gravitational potential:

0. -
F, = AMm, <2
r

Here m, isthe average nucleon mass. This approach models the capability to
modify the gravitational charge of the probe, as demonstrated by experiment [5]

[6].

3.6. Gravitational Polarization Permitivity

Once the correspondence between the microscopical Gravity and effective Grav-
ity was established, in a quite similar way with the case of EM (micro/macro E/B
fields), one may investigate the Gravitational polarization permittivity via labor-

atory experiments, e.g. [5].

4. Adapted Connections for Modified Coulomb Potential

Denote (q;r,(p, 6;sl,s2,s3) (local) coordinates in Rx7R?> =RxR*xR*. The
triple (r,¢,0) corresponds to spherical coordinates on R’. For indexing pur-

poses, we shall use (whenever necessary) the identification
(70,605,575 ) = (2, x7).
Suppose k=1, ¢° =1, A¥’ =(0,0,1). Then, the associated vector potential
for the MCL, given by relation (5), writes

¢7:—r’1 ~(q—s3)8r.

The electro-gravitational force field for the MCL, given in (6), simplifies as

E=r" ~(q—s3)6r.

Starting with [40], a general canonical procedure was established, in order to
associate to a given vector field specific affine connections and/or metrics, with
the property that the trajectories of the vector field be auto-parallel curves or
geodesics, respectively (see also [41] and references therein). This principle
states that “the geometry is determined by the dynamics”, and not conversely, as
in most epistemological models. In what follows, we apply it to the vector fields
$# and E, to which we associate two connections and two metrics, with the

previously described property.

4.1. First Adapted Connection

We define a linear connection V on RxTR?, with all the components null,
but

V.d =—0.. 9

Then V is flat, without torsion and parallelizes the associated vector poten-
tial ¢ :
V.4 =0. (10)
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This means that the trajectories of ¢, moving under the influence of the re-
spective field, are auto-parallel curves (“geodesics” in the affine setting) of V.
From the dynamical/physical point of view, these trajectories are “freely falling”
in the “Universe” governed solely by ¢ .

The parameterization of an arbitrary auto-parallel curve of V has the form
o(0)=(a+b N+ b @b deeb), (1)

with arbitrary constants &' and b'. Due to the squared root on the second
component, all these auto-parallel curves are non-complete. (We exclude the
non-regular curves, by supposing the constants ' do not simultaneously va-
nish.)

We project the connection V through (q;r,go, 6;s',s%,s° ) —(r,9,0), into a
linear connection V on R’. The auto-parallel curve ¢ of V from (10)

projects on an auto-parallel curve cof V, of the form
c(0)=(Var+ b7 et a'er ), (12)

The curve cis the “visible” shadow of the curve ¢, as we can perceive it in
our 3D Universe. For non-degeneracy, we need (az )2 + (a3 )2 + (a4 )2 >0.

In Appendix A we show that the global behavior of the auto-parallel curves ¢
is totally unexpected, at least when we compare it with Figure 3 and Figure 4.
The general impression is that the curve ¢ seems to wrap around an axis, like a
deformed “ball of string”.

Figure 3. The auto-parallel curve ¢ with @’ =1, &’ =1, a*=2, b’ =4, b’=0, b*=1,
for te[—4;10].
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Figure 4. The auto-parallel curve ¢ with o*=1, a’=-1, a*=2, b’=4, b’=0,
b* =1, for te[—4;60] .

Remark 4.1. (i) In general, there exist an infinity of connections satisfying re-
lation (8). Here, we choose a particular member of this infinite family, which is
simple enough to illustrate the geometrical idea, but also canonical and with
physical relevance. Other choices for the connection may lead to different dy-
namics for the “ freely falling” particles, moving under the “force® ¢ .

(ii) We have some remarkable particular cases for the curve c
e a°#0, =0 and a* =0 (cisa radial line).

e a’=0, a’#0 and a’ =0 (cisanarcofa circle).
e 4°=0, =0 and a*#0 (cisan arcofa circle).
o a’#0, a’#0 and a* =0 (cisan arc of a helix).
e a°=0, a®#0 and a*#0 (cisaspherical curve).

e a°#0, a’=0 and a'#0 (cisan arc of a spiral).

4.2.Second Adapted Connection

We define now another linear connection V on RxTR?, with all the compo-
nents null, but

V,8,=20,. (13)

T r

Then V has similar properties with V: it is also flat and without torsion.

Instead, it parallelizes the electro-gravitational force field E :
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V_.E=0. (14)

E

So, the trajectories of E are auto-parallel curves of V, ie. they are “freely
falling” in the “Universe” governed solely by E .

An arbitrary auto-parallel curve of V has the parameterization
7(t)= (alt+b',\3/a2t+b2 ,a3t+b3,---,a7t+b7), (15)

with arbitrary constants @' and b'. All these auto-parallel curves are complete,
in contrast with the previous case. (We exclude the non-regular curves, by sup-
posing the constants @' do not simultaneously vanish.)

We project the connection V  through (q;r,go, 6;s',s*,s’ ) —(r,9,0), into a
linear connection V' on R’. The auto-parallel curve 7 of V from (14)

projects on an auto-parallel curve y of V', of the form
;/(t):(\3/a2t+b2,a3t+b3,a4t+b4). (16)

The curve y is the “visible” shadow of the curve 7, as we can perceive it in
our 3D Universe.

We see that the (local) behavior of curves y in Figure 5 and Figure 6 is sim-
ilar to that for curves cin Figure 3 and Figure 4. In Appendix B we show some
samples with the global behavior of the auto-parallel curves .

Remark 4.2. In general, there exist an infinity of connections satisfying rela-

tion (13). Here, we choose a particular member of this infinite family, for the

Figure 5. The auto-parallel curve y, with &’ =1, a'=1, a*=2, b’=4, b'=0,
b*=1,for te[-410].
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Figure 6. The auto-parallel curve y, with o’ =1, a'=-1, a*=2, b°=4, b’ =0,
b* =1, for te[—4;60] .

same reason as in Remark 1. Different connections in this family may produce
different dynamics for the “freely falling” particles under the “force’ E .
Remarkable particular cases, similar to those in Remark 1, (ii), can be pointed
out for the curve y, too.
Remark 4.3. The canonical “Euclidean” connection V° on R’ is“the sim-
plest one”, and more “natural’ than V and V', but does not satisty (8), (9),
nor (12) and (13), because

Vi 0, =0.
Here, we used the known that, for the line element
dr® +r*sin’ 0-de® +r* -d6?,
the (only) non-null Christoffel symbols are:

(FO )122 :—rsinze,(ro ); Z—F,(FO) =—sinfcosb,

3
22
1
(1"0 )23 - (FO )jz =ctgd, (1"0 )133 = (FO )21 = (1"0 )122 - (FO )21 - ;
To preserve the previous framework, we can think that the Euclidean metric is

the projection of a trivial Sasaki metric from TR®, whose Levi-Civita connec-

tion V projects on V'. (In order to avoid confusion, the spherical coordinates
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(r,9,0) were indexed here by (yl D0 ) ; W.r.t. our previous notation, it fol-

lows that (xl,-~~,x7) = (xl,yl,yz,y3,x4,x5,x6,x7) J)
Differences and similarities between the connections V, V and V may be
seen also from the divergences calculated in the following

Proposition 4.1. With the previous notations, we have:

div§¢7 =0, div'E = —ri}(q - s3) , divﬁﬁ = —riz(q -5 ), div'E =0 ,
divv¢7 = —Lz(q -5 ) ,div'E =0.
r

5. Adapted Metrics for Modified Coulomb Potential

We consider the same setting as in Section 4 and we shall define some metrics
canonically associated to the vector fields ¢ and E, following the algorithm
developed in [40].

Let Mbe the domain of R’, given by

M:{(q,r,s3)|r>0,q¢s3}.

Consider @ a differential one-form on M xR*, defined by

2 2
o="dg-——" _dr—— " 45

2 3

2og-s') 4= 2(g-s)

We have

o()=1, Lw=0,

where L denotes the Lie derivative operator.
A semi-Riemannian metric gon M xR*, with the property that the trajecto-
ries of 5 are geodesics, satisfies the characteristic condition ([40])

o()=g(¢.)
Obviously, we have g (& .6 ) =1.

In what follows, we give three examples g, ¢, g of metrics from this fam-
ily. (The superscript symbols are independent of the similar ones in Section 4.)

Consider

3 2 3
g=dg’——" dg-dr+——dr?+—"_dr-ds®
(a=5') (4= (=) (17)

+d? +d6% +(ds') +(as?)’,

3 2 3
2 r r 2 r

g=dg"——dg-dr+ dr- + dr-ds’
(¢=°)  (a=s) (o) (8)
+dg? +d6 +(ds') +(as?) +(as)
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3 2 3

2 r

gi=dg—— dg-dr+———dr’ + dr-ds’
(a=5') (¢=)  (a=) (19)

+2dg-ds* +dg? +d0> +(ds' ) +(ds?) +(ds*)

All these three metrics are product ones, between a metric on A and the ca-
nonical Euclidean metric on R*. (By manipulating their 4D part, we can easily
modify their signatures and obtain more examples.)

Proposition 5.1. (i) The metrics & and g are flat. (ii) The metric & has

positive scalar curvature function

324(q-5)

|:—2r6 +9(q -5 )4}2 |

We postpone for Appendix C the study of the geodesics, because we have al-

p(q,r,s3):

ready the intuitive feeling of how they will behave, due to the auto-parallel
curves pictured in Section 4.

We shall repeat now, briefly, the previous reasoning and calculations, replac-
ing the vector field ¢ with E.The one-form @ will be replaced by a similar
one:

3 2 3
r r r

d d ds’.
3(q—s3)2 q+q_s3 r+3(g—s3)2

The analogue metricsof &, &, & willbe 7, hy h , given by:

"=

~ 2r° r 2r°
h=dg’° ————dg-dr+ dr® + dr-ds’
g-5") (a=5°)  3e-s) (20)
+dg? +d6 +(ds') +(as?)’,
~ 27 r 27
h=dg’* —————dg-dr+ dr* + dr-ds’
g-5") (4=)  3(a-) 21)
+do? +do? +(ds1 )2 +(ds2 )2 Jr(ds3 )2,
- 27 r 25
hi=d¢* ——————dq-dr+ dr* + dr-ds’
g-5") (4=)  3(a-) 22)

+2dg-ds’ +dg? +d0° +(ds') +(ds?) +(as*) .

The metrics &, h, h have identical properties as g, g, g, including
those in Proposition 2 and in Appendix C. We skip a more detailed investiga-
tion of their geometries (e.g. geodesics, various curvature properties, etc.).

Remark 5.1. We do not intend to investigate here details about the non-
degeneracy and the signature of g, &, g, h, h, h; we consider them only
“toy examples”, useful to highlight the versatility of our approach.

Remark 5.2. In [40], a geometrization program for vector fields was designed,

inspired by the Kepler problem: given a non-singular vector field § on a mani-
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fold M, determine the semi-Riemannian metrics g on M, such that the trajecto-
ries of ¢ be geodesics in (M, g). A weaker requirement is to determine the linear
connections on M, such that the trajectories of § be auto-parallel curves.

Several papers gave partial answers and examples in particular cases, especial-
ly in the 2D framework (see [41] and references within). When applied to the
Newtonian 2D vector potential, we showed that some well-chosen metrics exhi-
bited geodesics with unexpected (from the Euclidean point of view) forms: not
only conics, but also spirals!

The connections V, V and the metrics &, &, g, h, h, h are similar
constructions. The framework is more general: we work in 3D (as projected
from 7D), instead of 2D; the Newtonian/Coulombian vector potential and force
are replaced by the more complicated vector fields ¢ and E (but can be re-
covered when we take the scalar charge ¢ =1 and the “spin” part s’ =0).

Our approach is part of an epistemological paradigm, which starts with a spe-
cific dynamics and looks for a canonically associated geometry, in the simplest
(“minimalistic”) possible framework. That means we try to avoid imposing ex-
tra-dimensions and derived geometrical objects (as in the case of Lagrangian
Mechanics) or complicated structural equations (like the Einstein equations, or

Yang-Mills, or Seiberg-Witten, ... ones), in order to derive a “well-fitted” geometry.

6. Discussions and Further Developments

The next step is to implement the spin-spin dependency of the force as a random
fluctuation of the metric, as for a quantized GR Theory. A straight forward way
is to use the Einstein-Hilbert Lagrangian, including matter fields and a spin-spin

dependent potential as in the generalized Ising Model mentioned above:
1
S=[|=R+L, |J-gd*x.
/ ( % j ¢

Note that the spin-spin interaction is part of the effective potential of the nuc-

lear force.

6.1. General Relativity with Quark Fields

How to treat bi-local interactions as in the Ising model remains to be deter-
mined. Alternatively one may consider the QCD 3-quark fields (RGB) as a con-
nection in a SU(2)-frame bundle over Space-Time, with the 3 individual spins
coupling in a way similar to gluon exchange, except without “same-baryon inte-
raction” needed for confinement (quarks are principal directions of the baryon
field, which can be represented as a 3D-frame with three dependent copies of the
EM-connection: quantum phase defining a local periodic time). The conse-
quences remain to be derived, but essentially following the SM Theory, with

some key reinterpretations and simplifications.

6.2. Space-Time Emerging from Quark Model and QCD

In an upcoming article we will show how Space-Time emerges from the quark
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field description of interactions in the Network model. This follows from inter-
preting the quarks as a 3D-frame in the SU(2)-bundle of EWT/QCD, with SU(3)
its symmetry group, and their color quark fields as “color” connections of EM
type. This allows to couple the SU(2) bundle via the 3D-quark frames, with their
formal directions RGB and T quantum phase (“electron color”/local time) to the
base Lorentz manifold with its 3 + 1 dimensions. Locally, a trivialization corres-

ponds to a “landscape” of String Theory (Space-Time x Calabi-Yau manifold).

6.3. More Refined Adapted Metrics

The metric of our MGT does not include explicitly the spin-spin interaction. A
“better” adapted metric g, must be a metric in the SU(2)-frame bundle over
the semi-Riemannian Space-Time, compatible with the quark fields (RGB EM-
connections) and inducing the Levi-Civita connection on the base manifold, sa-
tisfying the Einstein equation for the above Lagrangian. The development of GR
in this direction will be left for another article. Once the formalism of the SM
will be well implemented, with adapted interpretations (quarks as directions,
Platonic symmetries etc.), in order to distinguish this approach from other
MGTSs we will call it Quantum General Relativity.

6.4. M-Theory

In other words, the quark fields as “color-EM” connections, corresponding to
the idea of fractional electric charges (charge matrix @), may be represented as a
point-to-three sphere “blow-up” of singularities, beyond the S'-— S* intro-
duced by String Theory. Similarities with M-Theory are expected, except we do
NOT intend to use an ambient ST with external dimensions, as String Theory
does (note that the 10-Dim are 3 + 1 from ST and 6 from a Calabi-You manifold
which has the right dimensions for a symplectic space with 3 degrees of freedom
needed for the 3 quark directions). Instead, we shall use the usual gauge Theory
bundle approach (internal and external DOFs), with a correspondence (projec-
tion/inducing the structure on the base space). The relation between the two
points of views is provided by the idea of section, mapped (represented) into the
local trivialization of the bundle. Perhaps the versions of M-theory using 11 di-
mensions are maybe due to the explicit inclusion of quantum phase, related to
local periodic time. In view of the above, it would be instructive to revisit
M-theory for signs of the presence of the 3 quark fields and compare with
MGTs.

7. Conclusions

A modification of the Coulomb Law, including a spin direction dependence is
proposed to account for a non-isotropic field with divergence responsible for
both electric and gravitational force, at a quantum level of elementary particles.

A full description will take into account the quarks fields of EM type as post-
ulated by QCD.
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A sketch of the average process over random directions is described, to obtain
macro-Gravity as an emergent force.

In brief, electromagnetism is due to electrons in atoms and their magnetic
moments while gravity is the result of lack of isotropy of fractional electric
charges of quarks in nuclei. Their polarization yielding Newtonian gravity is
similar to polarization of electronic spin (orbital and intrinsic).

The effective “toy-model” involving spin attempts to modify GR to account
for additional sources of gravity, instead of using the concept of dark matter and

energy.
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Appendix A

We include 20 graphs of the auto-parallel curves c of V, from Subsection 4.1.
The pictures show some “global” (“large scale”) behavior, which must be com-

pared with the “local” one in Figure 3 and Figure 4.
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The parameter values and the range of the variable are shown below, for each
of the above auto-parallel curves:

G-Al d'=-1, a*=1, & =2, b' =1, b*=0, b’ =1, te[—lO,l].

G-A2 ¢'=—1, &®=1, =2, b' =1, B> =0, B =1, t€[-50,1].

G-Al0 ¢'=—1, &’=1, &’=2, b' =1, b* =0, b* =1, t€[-19990.1].
G-All ¢'=—1, *=1, a*=2, b' =1, b*=0, b’ =1, t€[-30000000,1].
G-Al12 4'=—1, a*=1, a’=2, b' =1, b*=0, b’ =1,
1 €[-3000000000,1] .
G-Al13 4'=_1, a*=1, a°=2, b' =1, b*=0, b’ =1, t€[-30000000000,1].

al
G-A3 4'=-1, d*=1, a’=2, b' =1, b*=0, b’ =1, te[-150,1].
G-Ad o' =-1, &*=1, a’=2, b' =1, B> =0, b’ =1, 1€[-1500,1].
G-A5 4'=-1, a*=1, d’=2, b' =1, b*=0, b’ =1, 1€[-9000,1].
G-A6 ¢'=-1, i*=1, a®=2, b' =1, b>=0, b =1, t€[-19700,1].
G-A7 4'=-1, a*=1, =2, b'=1, b*=0, b’ =1, t€[-19800,1].
G-A8 4'=-1, &*=1, a’=2, b' =1, b*=0, b =1, 1€[-19900,1].
G-A9 4'=-1, d*=1, a’=2, b' =1, b* =0, b’ =1, 1€[~19970,1].
S
S

a

G-Al4 ¢'=—1, &*=1, a* =2, B =1, B> =0, b’ =1, t<€[~300000000000,1].
G-Al5 ¢'=—1, &>=1,> &* =2, b' =1, b =0, b' =1, 1€[-5000000000,1].
G-A16 4' =1, a>=1, ’=2, b' =1, B> =0, b’ =1, t€[-123456789,1].
G-Al17 g'=-1, d*=1, d*=2, b' =1, b*=0, b’ =1, t€[-666,1].
G-A18 4'=—1, ¢*=10, a*=2, b'=1, b’ =0, b' =1, te[-1L1].
G-A19 4' =1, a*=1, &®=200000, b' =1, B> =0, H =1, te[-1L1].
G-A20 ¢'=-1, a’ =1, @’ =499999999, p' =1, b* =0, b’ =1, te[-1L1].

Appendix B

We include 20 graphs of the auto-parallel curves y of V', from Subsection
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4.2. The pictures show some “global” (“large scale”) behavior, which must be
compared with the “local” one in Figure 5 and Figure 6 and to the similar ones
in Appendix A.
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The parameters values and the variable interval of G-Bn are the same as for

G-An in Appendix A, with n=1,20.

Appendix C
The non-null Christoffel’s symbols of the metric g are:
- - 30 0~ = 2
ng =—,F171 =—3,1"172 :]“;1 =T
r q-s r
L 30 - 2 - 3
F177:F;1:_—3=F;7:F;2:_7r;7: 3
q-s r q-s

The parameterization of an arbitrary geodesic of g has the form
B(t)= (alz +b N+, a8+ a0, 51 (t))

with arbitrary constants a' and b', i=1,6. The seventh component s* =s*(t)
is a solution of the second-order ODE
2
., 3(d) 24! 6a' 4 3

2
z"+ - - z'+ z'+ z') =0,
at+b' -z d*t+b* dt+b -z a’t+b* alt+bl—z( )

and depends on two more constants (say a’ and 7).

Remark C1. (i) A/l the geodesics [§ are non-complete.

(ii) The 3D projection S=p(t) of J onto the “visible” Universe with
spherical coordinates is not a geodesic anymore, because g does not project
onto a 3D metric. However, it is remarkable that the curves [ are exactly the
auto-parallel curves of the connection V, partially depicted in Figure 3, Figure
4 and Appendix A.

The non-null Christoffel’s symbols of the metric g are:
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= = = = = — — = 3
ril = —F:7 = _rln = rl77 = _r171 = r177 = r;1 = _F;7 = _ﬁy
q-—2s

[, =T =T, =T =T, =T, =T, =T =T =L

The parameterization of an arbitrary geodesic of g has the form

B(t):(q(t),\/a2t+b2,a3t+b3,--~,a6t+b6,s3(t)),

with arbitrary constants @' and b, i=2,6. The first component ¢ = g(r) and
the seventh component s’ =s’() are solutions of complicated second-order
ODEs, which we could not solve; they depend on four more constants (say a',
b' and o, D).

Remark C2. (i) A/l the geodesics B are non-complete.

(ii) The 3D projection ¢ = g(t) of B onto the “visible” Universe with
spherical coordinates is not a geodesic anymore, because g does not project
onto a 3D metric. However, it is remarkable that the curves & are exactly the
auto-parallel curves of the connection V, partially depicted in Figure 3, Figure
4 and Appendix A.

Remark C3. The Christoffel s symbols of g are too complicated to be re-
produced here. The respective geodesics have parameterized form

,B(t):(q(t),r(t),cft+b3,---,a6t+b6,s3 (t)),
with arbitrary constants ' and b', i=23,6.The components ¢ =g (1),
r=r(t) and s =5 (1) are solutions of intractable second-order ODEs; they
depend on six more constants (say a', b', a*, b*, a’, b).
The 3D projection u=u(t) of j onto the “visible” Universe with spheri-
cal coordinates is not an auto-parallel curve of the connection V, anymore.

Appendix D. On the Gravitational Constant

The gravitational constant has two distinct classes of measurements: 1) based on
planetary motion and Cosmological data [61]; 2) on laboratory experiments, e.g.
Cavendish’s torsion balance experiment [51]. Significant variations were regis-
tered, without a definitive explanation [52] [53] [54].

Moreover, the inconsistencies led to expect new phenomena are responsible
[62], beyond the framework of GR with its celebrated equivalence principle iner-
tial mass is proportional to gravitational mass (as a “charge’), a foundational
“axiom” of GR, which implies Newton’s Law of Gravity constant is universal:

my ~mg <> G : Universal Constant.

The “mystery” regarding the inability to identify a universal constant [62] is
consistent with our conclusion Section 2.3.8, mandated by the origin of gravita-

tional charge, as explained in Section 2.2.

D1. Gravity Charge as a Nuclear Spin Polarization Effect

In our use of SM to derive gravity from the quanrk model, gravitational charge is
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a result of polarization of nuclear spin in the presence of a gravitational field of
EM origin (quark fractional charges), of a larger body.
Hence G plays the role of &,u from maxwell’s EM, but associated with

nucleon’s spin, instead of electron spin:

Electron : EM-permitivity, permeability, Nucleon : G-permitivity.

The difference in strength of coupling constants, between electric and mag-
netic (quark field origin), is measured by the fine structure constant « , approx.
1/137, explaining the difference in ranges for the variability of these coefficients
[63]:

£~1.100, x~10..1000; AG/G ~0.1%.

The later is much smaller the former two, conjecturally because “natural con-
ditions” do not include the experiments which induce additional polarization
(DNO, rotation, supracoductibility etc.).

D2. On Saturation Effects

We can create much stronger permanent magnets in laboratory conditions, with
artificial polarization that extends the range of ¢ and u.
The relative limited variability of G could be due to a saturation effect, which

is related to the nucleon structure of nuclei, currently not so well understood.

D3. G and DNO, MNR, MRI

It is clear that a much deeper knowledge of solid state physics is needed to un-
derstand these aspects, including the theory of DNO, Magnetic Nuclear Reson-
ance, MRI applications etc.

D4. A Statistics Physics Approach

Our attempt to use a partition function approach Section 2.3.3, Ising model
2.3.4, to estimate G, is just a suggestion for physicists to try finding a correlation,
as an explanation of the variability of G.

It is beyond the scope of our article to implement a Modified Coulomb Law,
to include spin dependence.

nevertheless the analogy with the gravitational tide Section 2.3.1 is illustrative:
it holds with van der Wall forces and electric/magnetic polarization, and in view
of the fractional electric charges of quarks, must produce a “Zeeman ef-
fect/hyperfine split of energy levels”; the problem is “How much”, and if this
accounts entirely for Gravity and G.

D5. Spin-Gravity Coupling: Other Studies

The coupling between spin and gravity, in the context of GR is currently studied
[64], as an analog of Stern-Gerlach experiment, but for nuclear spin.
Experimental tests relating spin and gravity are investigated, and Eins-

tein-Cartan Theory used to model it [65].
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In comparison, our work, starting from the quark model of SM which implies
such a connection, aims to provide a simpler model: a Modified Coulomb Law
and a G-polarization framework. This seems amenable to a direct evaluation of
G (theory), in corroboration with the extensive experimental data and Solid
State Physics advancements [66].

In addition to more formal approaches, there seems to be a general trend of
thought that Gravity and nuclear spin are in fact related, e.g. [67].

Considering the specialized literature in a broader context, will benefit the
advancement of the theory of gravity, and Science in general, towards a unifica-

tion with the other interactions.

Appendix E. On Quantum Cosmology

The evolution of Physics, from Classical to Quantum, can be seen happening in

other areas of Sciences, notably for our present subject, in Cosmology.

E1. Hawking Laws of BH

Arguably, Beckenstein (1972) and Hawking (1974) played in Cosmology the role
of Planck in Physics, introducing the concept of entropy, as if the BH has dis-
crete quantum states, and the BH Radiation, as if behaving like an excited quan-
tum system capable of emission also, together with the BH Laws. This was the
result of a thorough study of QM triggered by proposal of Beckenstein regarding
the entropy law of BH [68] [69].

The relation between information/entropy and area, suggested a “quantization

at work”. This direction was developed by many researchers, including [70] [71].

E2. LIGO and Confirmation of GR Prediction

LIGO recent observations Section E2.2 confirmed the gravitational waves pre-
diction of GR, as a “definitive test for General Relativity” [72] (2009).

Yet no theory is “final”, and Einstein stated this about GR. naturally, it has li-
mitations, Ze. physical effects which cannot be accounted for in GR, which we
were able to observe, during a century of developments in Physics and Technol-
ogy (In the Lab and in Astronomy, alike). Ten years later...

E2.1. On Quantum Black-Hole Models

The models from QM, specifically the Bohr’s model of the atom, was recognised
as a better model of BHs [71] (see “benefits” within: removing singularity, de-
velopment of Einstein’s collaborator, N. Rosen’s Theory based on Schrodinger
Equation [70] etc.).

Indeed, a BH is a singularity in GR but exhibits internal structure. It therefore
is an irreducible system with structure, inviting, because of the entropy concept,
related to information paradox and Shannon entropy, to a discrete quantum
treatment.

Most notably, the “pre-quantization of BHs”, as a bound, coherent, quantum

system, allows to justify Hawking’s Laws, in a manner reminiscent on how
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Newton’s Theory demonstrated Kepler’s Laws’.

E2.2. Gravitational Waves as Scattering Events Quanta?
Dr. Corda’s theory of Quantum Black Holes, based on an analogy with the
Bohr’s model of the atom (bound states are quantized), invites further to claim
that the merger of two black holes on Sept. 14, 2015, and of two neutron stars on
August 17, 2017, should be treated as a scattering event of the two Cosmic-size
coherent quantum systems (BH), resulting in a merger (totally similar with a
nuclear fusion), and emission of a massive flux of neutrinos (we know not
enough to tell if they can escape BHs, being the gauge bosons Spin 1, though, of
Gravity as a correction of EM aspect of baryon fields; again, it is a complicated
topic, and change of nuclear structure, which involves change in the symmetry
group, like in beta decay, may be associated with the Gravitational Waves).

As expected, new advances lead to new ideas and questions: from entropy,
treating the irreducible BH system as an “atom” (Ancient Greek and modern
meaning), capable of adsorption and radiation in quanta, to a full “scattering

theory” picture.

E3. Quantum Gravity from the Standard Model

Our theory emerged from considering the new knowledge about electric charges
of electron and proton, revieled by the quark structure: the resolution of the posi-

tive charge electric field into a 3-directional, non-isotropic, of mixed signature

(neutrons have two negative and one positive), mandates a refinement of Maxwell’s
EM, based on pointwise, isotropic and symmetric sources ( Q(e’) = —Q( p*) )-

After developing the theory of Gravity of quantum origin (from the quark
model of the SM), the first author found the work of Alzofon, confirming expe-
rimentally the prediction of the (qualitative) theory etc.

E4. ... and Conversely: From Cosmology to Quantum Physics

The “import” of knowledge and models between Q-Physics in Cosmology,
works both ways: the idea/model of Einstein-Rosen wormhole from Cosmology
was used in modeling entanglement of in Quantum Physics, and tested on a
quantum computer [73], which can implement teleportation of states via entan-
glement!

hence, if a BH which appears singular in GR, is a quantum object modeled as
an atom, and as a source of Gravity (QBH as “gravitational atom” [71]), why not
compare this framework with the quark model of a Hydrogen atom, as an actual
source of gravitational interaction. One would realize that the electric field can-
not be isotropic, because of the fractional electric charges of quarks, of opposite

signature!

E5. ... and a Question!

It would be interesting to investigate if the GR framework of a Quantized BH,

"Together with the experimental work of Ticho Brahe, this “trio" is a very good example of the
Scientific Method.
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using a metric/differential geometry formalism, is able to reveal additional in-
sight on what the fine structure constant is, which appears from the start in
Bohr’s model of the atom [74] [75].

Appendix F. Inertial Mass vs. Gravitational Mass

The gravitational constant reflects the proportionality between inertial mass
m, (Newton’s Law) and gravitational mass mi,; . The later will be referred to as

gravitational charge, also denoted as g

F1. Electric Charge with Spin in a Magnetic Field

It is known that in EM the inertial mass to charge ratio m,/Q determines the
dynamics of a particle in an EM field expressed by the Lorentz force, as a first
approximation. The spin introduces a torsion to the trajectory, as demonstrated
by Stern-Gerlach experiment, with a sign corresponding to the sign of the spin:
up or down, relative to the magnetic field. The spin and its own magnetic mo-
ment are related as S =eB, hence this effect can be interpreted as a electronic
spin-spin interaction, between the sources of the N-S magnet and electron as a

mini-magnet.

F2. Gravitational Charge with Spin in a Gravitational Field

It is also speculated, and models built, that mass is of EM origin (a more classical
approach), on one hand, or gluon interaction dependent (QCD). Yet quark
fields, with gluons as gauge bosons, are SU(2)-gauge Theory fields of EM origin,
represented by vector potentials A, A;,A, as in the spinorial model of the
electron (QED).

Hence, it is expected that neutral bodies, with a non-trivial fractional electric
structure, as the hydrogen atom, and nuclear spin (neutron, proton) may exhibit
a similar behaviour: the ratio m, /g, will determine the dynamics in a G-field

and a torsion may be present.

F3. Stern-Gerlach Experiment: EM vs. G

If gravity is a side-effect of the internal electric structure and anisotropy of the

field of a nucleon®, a parallel maybe investigated, as in [64].

81t is usually separated into EM and Strong interaction; but because of our present stage of under-
standing.
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