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Abstract: Unification of gravitational and electromagnetic interactions was done using statistical method. Cosmic ray
intensity as a signature from supernova explosions was used to carry out some estimation. These primary cosmic rays are
charged particles with an accelerating mechanism, probably electromagnetic; and because their charge is what interacts with
matter and produces the effects that we can easily see here on earth. We estimated the values of the electromagnetic interaction
and gravitational force of interaction of the source using previous known relations. We were able to obtain a regression
equation; with a positive and strong correlation coefficient. F, depicts the gravitational interaction and U,, is the
electromagnetic interaction. The results suggestively indicate that gravitational and electromagnetic interactions are related.
The result indicates that moving charges and moving masses provide an analogy of gravitational and electromagnetic fields,
which support the concept of a gravito-magnetic force. It has solved to some extend the speculations about the development in
an attempt to unify the interactions of particles; and even to incorporate gravity in the “theory of everything”. Thus, the
unification of forces using the explosion mechanism and gravitational waves in core-collapse supernovae has become a reality.
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forces can be written in a single representation to describe the
true universe lepton [12].

There was a presentation on a theory of unification of
gravitational force and the electromagnetic force based on
generalization of Newton’s law of gravitation to include a
dynamic term inferred from the Lorentz force of
electromagnetic interaction. The inclusion of this dynamic
term alone in the gravitational force is enough to develop the
entire dynamic theory of gravitation parallel to that of
electrodynamics. The theory naturally solves the mystery of
action-at-distance. It has been shown that the inverse square
law of the static and the dynamic forces is the result of the
conservation of mass (Gauss’s Law) and the total momentum
(Wang’s Law). The Wang’s Law is a new discovery. The new
theory also predicts that the gravitational force is transmitted
through propagation of gravitational waves at the speed of

1. Introduction

A unified theory of interaction, as it is generally
understood implies a description of the four fundamental
forces such as gravitation (between particles with mass),
electromagnetic (between particles with charge/magnetism),
strong interaction (between quarks) and weak interaction
(operates between neutrinos and electrons). Based on the
foundations of the Maxwell’s equations, physicists are trying
to combine the four fundamental forces in a single
mathematical formulation. In the classical solutions of long
ranged interactions, work is done in some other studies
related to a unified equation [17].

The model at grand unified theories (GUT) implies that at
high energy level of the universe, the four fundamental forces
have the same validity. Therefore, the four fundamental
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light [18].

The unification of gravity and electromagnetism is a
conjecture of Einstein although he failed to show it because
Einstein did not realize that this unification requires a new
charge-mass interaction. Moreover, the existence of such an
interaction has been verified by experiments. Apparently M.
A. El-Lakany also fails to see the need of such a new
interaction. Moreover, he also has no experiment predictions
that can be used to support his theory. This has shown that
Einstein’s conjecture is valid [19].

The weak interactions are the results of the charged
particles, and W and Z bosons are the force carriers of the
weak interactions. The weak interactions are short ranged
interactions [23]. Photons ( ) are the force carriers in the
electromagnetic interactions, the electromagnetic interactions
are the long ranged interactions [25]. The strong interaction
is confined in the nucleus, it holds nucleons together, and
three colored gluons (g) are the force carriers in the strong
interactions. The gravitational forces are the results of the
mass effects of the particles and they are the long ranged
interactions [5]. The non-relativistic Schrédinger equation is
written in relativistic form by Dirac in 1928, so named as
Dirac equation. It contains electromagnetic interactions of
particles. Yukawa potential is used to describe the strong
interactions at nuclei distances and the gravitational
interactions at large distances [8].

There is quite remarkable disparity of strength among the
different interactions. The strong interactions exceed the
gravitational interactions in strength by the fantastically large
factor of about 10*. The nuclear glue (strong interaction) makes
the cosmic glue (gravity) look puny indeed. The electromagnetic
interactions fall short of the strong interactions by a factor of
about 100, but exceed the weak interactions in strength by the
enormous factor of 10", The weak interactions in turn are about
10% times stronger than the gravitational interactions. In fact,
these numbers do not have a very precise meaning, but they
indicate clearly that there exist vast gulfs between the strength of
one interaction and another [26].

The electromagnetic force affects particles that have
electric charge such as protons and electrons. This is the
force that enables atoms to form by the electromagnetic
attraction between the protons and the electrons which binds
them together in atoms (like the gravity that makes the earth
and other planets orbit around the sun). The forces have an
infinite range. The particle that transmits the force is the
virtual photons [12].

One of the four fundamental forces, the electromagnetic
force manifests itself through the forces between charges
(Coulomb's Law) and the magnetic force, both of which are
summarized in the Lorentz force law. Fundamentally, both
magnetic and electric forces are manifestations of an
exchange force involving the exchange of photons. The
quantum approach to the electromagnetic force is called
quantum electrodynamics or QED. The electromagnetic force
is a force of infinite range which obeys the inverse square
law, and is of the same form as the gravity force [5]. The
electromagnetic force holds atoms and molecules together. In

fact, the forces of electric attraction and repulsion of electric
charges are so dominant over the other three fundamental
forces that they can be considered to be negligible as
determiners of atomic and molecular structure. Even
magnetic effects are usually apparent only at high resolutions
and as small corrections [25].

The gravitational force is different from the other forces for
three main reasons. The other three fundamental forces
(electromagnetic, strong and weak interaction) affect only certain
particles such as electron of quarks, but gravity affects all other
particles. The gravitational force is very weak and can be
considered as the weakest of all the forces. It makes this up by
having, an electromagnetic force, at an infinite range. The nature
of the force is attractive (meaning that it can only pull things
towards it) [22]. Therefore, this has the implication that different
gravitational sources can only add up to create a bigger source.
This is different from the other forces which can be both attractive
and repulsive, so they can also reinforce each other to create a
bigger force, but they can also cancel each other out making a
weaker force [28].

Weak interaction acts between quarks and leptons, whereas
the strong force does not act between leptons because leptons
are colourless and so do not participate in the strong interactions.
Neutrinos have no charge, so they experience no
electromagnetic forces but quarks, leptons and neutrinos join in
the weak interactions [12]. The role of the weak forces in the
transmutation of quarks, makes its interaction noticed in many
decays of nuclear particles which require a change of a quark
from one flavor to another. The weak interaction is the only
process in which quark can change to another quark or a lepton
to another lepton which is the so-called "flavor changes" [2].

Grand unification refers to unifying the strong interaction
with the unified electroweak interaction. The basic problem
of "restoring the broken symmetry" between the strong and
electroweak forces is that the strong force works only on
colored particles and the leptons don't have color. You have
to be able to convert quarks to leptons and vice versa. But
this violates the conservation of baryon number, which is a
strong experimental nuclear physics principle [13]. The
required mass of the exchange boson is 10'°¢V, which is
more like the mass of a visible dust particle than that of a
nuclear entity. This particle is called the X-boson [5]. One
prediction of the grand unified theories is that the proton is
unstable at some level. The grand unification of the strong,
weak, and electromagnetic forces is above 10'* GeV of
energy. If the ordinary concept of thermal energy is applied at
such times, it would require a temperature of 10*” K for the
average particle energy to be 10" GeV [25].

Recall that the electromagnetic and gravitational forces are
normally very weak forces and the strong nuclear and weak
nuclear forces are very strong forces. It was discovered that
there was one level (as we go to smaller and smaller levels,
the electromagnetic and gravitational force gets stronger
while strong interaction and the weak interaction gets
weaker). Since the strong and weak forces have gotten so
weak, they can behave as the same force. But a lot of energy
is required in the unification process of the fundamental
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forces before they can make a difference. Therefore, it
requires very high temperatures before the forces start to act
like one. Moreover, it seems like all forces were one and the
same in the beginning of the universe. But then as everything
cooled off, they branched of one by one to create the
different forces we see today. But on second taught, it should
be said that they become almost as the same force but not
quite. For strong, weak, electromagnetic and gravitation to
act exactly as the same force requires something called
supersymmetry [14]. Supersymmetry means, that for every
particle from one of the matter or force family, there is a
corresponding particle from the other family but with half (}%)
a spin different. The problem is that for supersymmetry to
work, we ought to have a lot of particles, since every particle
at the moment doesn't have a symmetry partner [1].

Although the above discussion indicates that the
fundamental forces in our present universe are distinct and
have very different characteristics, the current thinking in
theoretical physics is that it was not always so. There is a
rather strong belief (although it is yet to be confirmed
experimentally) that in the very early universe when
temperatures were very high compared with today, the weak,
electromagnetic, and strong forces were unified into a single
force. Only when the temperature dropped did these forces
separate from each other, with the strong force separating
first and then at a steady lower temperature did the
electromagnetic and weak forces separate to leave us with the
four distinct forces that we see in our present universe. The
process of the forces separating from each other is called
spontaneous symmetry breaking [11].

There is further speculation, which is even less firm than
that above, that at even higher temperature (the Planck Scale),
all the four forces were unified into a single force. Then, as
the temperature dropped further, gravitation was the first to
separate after which the other three forces separated as
explained above. Theories that postulate the unification of the
strong, weak, and electromagnetic forces are called Grand
Unified Theories (often known by the acronym GUTSs).
Theories that add gravity to the mix and try to unify all four
fundamental forces into a single force are called Superunified
Theories. The theory that describes the unified
electromagnetic and weak interactions is called the Standard
Electroweak Theory, or sometimes just the Standard Model
[13]. Grand Unified and Superunified Theories remain
theoretical speculations that are yet unproven, but there is
strong experimental evidence for the unification of the
electromagnetic and weak interactions in the Standard
Electroweak Theory. Furthermore, although GUTs are not
proven experimentally, there is strong circumstantial
evidence to suggest that a theory at least like a Grand Unified
Theory is required to make sense of the Universe [31].

The discovery of the W and Z particles, the intermediate
vector bosons, in 1983 brought experimental verification of
particles whose prediction had already contributed to the
Nobel Prize awarded to Weinberg, Salam, and Glashow in
1979. The photon, the particle involved in the
electromagnetic interaction, along with the W and Z provide

the necessary pieces to unify the weak and electromagnetic
interactions [16]. With masses around 80 and 90 GeV,
respectively, the W and Z were the most massive particles
seen at the time of discovery while the photon is massless
[21]. The difference in masses is attributed to spontaneous
symmetry breaking as the hot universe cooled. The theory
suggests that at very high temperatures where the equilibrium
energies are in excess of 100 GeV, these particles are
essentially identical and the weak and electromagnetic
interactions were manifestations of a single force [3]. The
question of how the W and Z got so much mass in the
spontaneous symmetry breaking is still a perplexing one. The
symmetry-breaking mechanism is called a Higgs field, and
requires a new boson, the Higgs boson (H) to mediate. The
next step is the inclusion of the strong interaction in what is
called grand unification [14].

The weak and electromagnetic fundamental forces seem
very different in the present, relatively low temperature
universe. But when the universe was much hotter so that the
equilibrium thermal energy was on the order of 100 GeV,
these forces may have appeared to be essentially identical,
part of the same unified "electroweak" force [3]. The
exchange particle for the electromagnetic part is the massless
photon and the exchange particles for the weak interaction
are the massive W and Z particles. The symmetry was
spontaneously broken when the available energy dropped
below 80GeV and the weak and electromagnetic forces taken
on a distinctly different look. The model is that at an even
higher temperature, there was symmetry or unification with
the strong interaction which is the grand unification, and
higher still, the gravity force may join to show the four
fundamental forces to be a single unified force [10].

The concept of spontaneous symmetry breaking is
important to the understanding of electroweak unification
and further unifications [30]. In the snowflake, both the
hydrogen and oxygen molecules are quite symmetric when
they are isolated. The electric force which governs their
actions as atoms is also a symmetrically acting force. But
when their temperature is lowered and they form a water
molecule, the symmetry of the individual atoms is broken as
they form a molecule with 105 degrees between the
hydrogen-oxygen bonds. When they freeze to form a
snowflake, they form another type of symmetry, but the
symmetry of the original atoms has been lost. Since this loss
of symmetry occurs without any external intervention, we
say that it has undergone spontaneous symmetry breaking
[20]. A magnet can be used as an analogy to illustrate the
concept of spontaneous symmetry breaking which is
important to the understanding of electroweak unification
and further unifications. When the magnet is strongly
magnetized in one direction, it would be hard to guess that
the underlying interaction is actually symmetric under
rotation. The magnetic field from the magnet is certainly very
different if it is rotated 90 degrees, or 180 degrees [4]. The
underlying symmetry can only be seen if the energy of the
system is raised; heating the magnet to its Curie temperature
would remove the directional magnetic field and restore the
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rotational symmetry of the material. This is an apt analogy
for the electroweak unification, since the symmetry between
the Coulomb force and the weak interaction is certainly not
evident at low temperatures [29]. However, above unification
energy, on the order of 100 GeV, they would merge into a
single electroweak force [7]. Electroweak theory is very
important for modern cosmology, particularly on how the
universe evolved. This is because shortly after the big-bang,
the temperature was approximately above 10" K because
electromagnetic force and weak force were merged into a
combined electroweak force [12].

Supernova explosions of massive stars are an important
phenomenon for applying particle physics, in particular
astrophysics. The shockwaves of supernova explosions
accelerate charged particles such as protons; some of which
end up raining on Earth as cosmic rays [24]. Primary Cosmic
Rays are stable charged particles that have been accelerated
to enormous energies by astrophysical sources somewhere in
our universe. They must be stable (lifetimes greater than a
million years), in order to survive the long trips through
interstellar (or intergalactic) space. They are charged because
the accelerating mechanism is probably electromagnetic and
because their charge is what interacts with matter and
produces the effects that we can easily see here on earth.
They have a range of energies, 10%V (1GeV) up to 10%%eV
(10°TeV). Cosmic ray particles perform wandering in the
tangled magnetic fields of the Galaxy [6]. The expanding
stellar debris creates a shockwave when it slams into the
surrounding gas, compressing and enhancing any magnetic
fields present. A major factor affecting the path of cosmic
rays is that they are charged and therefore swerved by
magnetic fields. This most definitely affects any attempts to
locate sources. The more energy a particle has, the greater the
radius of curvature. Particles with energies less than 10"°eV
have paths that are so curved that they are probably trapped
within our galaxy and wander throughout [15]. In this work,
we shall unify gravitational and electromagnetic forces using
a statistical approach from a signature of supernova
explosions.

2. Materials and Method

Mexico City Observatory (http://132.248.105.25/index hp)
is the source of cosmic ray intensity data, emanating from

3. Results

supernova explosions. The cosmic ray intensity was collected
for a period of twelve months, for the year 2017. It was used
to carry out some estimation; and tried using statistical data
analyses to obtain a relation that suggestively unify
gravitational and electromagnetic interactions.

From the work of Robson, 1996, we obtained the magnetic
field energy density Uy,q4 using:

() =@759x107).(5)

U =—.
mag - 4orcy?

where E is energy in Joule:
4 2 -20
E = 39r¢Y Unag-t = (2.66 X 1072°). Uppqq- t

t is time in second. The time in days for each of the twelve
(12) months were converted to second:

tsecona = (taays X 24 X 60 X60)

or is Thompson cross-section, ¢ = 3.0 X 108m/s is the
speed of light, y = 1 is Lorentz factor at v < ¢. We assumed
bolometric luminosity of the source, and
or = 6.65 X 1072°m?. Equation (1) simply indicates that we
can estimate the value of the source magnetic field energy
density once it is bolometric luminosity and jet speed are
known. The estimates are shown in Table 1.

The mass of blackhole was estimated from Albert
Einstein’s equation:

my == @)

Moreover, gravitational force F; of interaction of a given

blackhole is given by:

36
F, =2X10-0Xm0 - (77 X10%) 1 king 1976) (3)

7
h mp mp
Where
k=1.381X10"3m?kgs 2K !

is Boltzmann constant, mg = 1.989 X 103°kg is solar mass,
my, is mass of blackhole. Using equation (3), we estimated
gravitational force of interaction of the source and the values
are shown in Table 1. Scatter plot of logarithmic scale of F;
and Up,, 4 was carried out and is shown in figure 1.

Table 1. Estimated Data from 2017 Cosmic Ray (CR) Intensity.

MONTH  CR LUMINOSITY(%)  TIME (Seconds) z"i‘gn )E( (12713 o gfgg, ; yl(ol‘?s LogUpg,  LogF,
Jan. 55779580 2678400 2.0970 1.4940 1.6600 9.8657 273216 65.9941
Feb. 42020423 2419200 15795 10164 1.1293 14.5019 27.1985 66.1614
March 58155787 2678400 2.1861 15575 17306 9.4632 27.3397 65.9760
April 53860424 2592000 2.0246 1.3959 15510 10.5590 27.3063 66.0236
May 53892206 2678400 2.0258 14433 1.6037 10.2120 273066 66.0091
June 45941213 2592000 17269 11906 13229 123796 27.2373 66.0027
July 61550921 2678400 23137 1.6484 1.8316 8.9414 27.3643 65.9514
August 45620575 2678400 17149 1.2218 1.3576 12.0632 27.2342 66.0815
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Figure 1. Plot of Gravitational and Electromagnetic Interaction and
Unification.

From the plot of gravitational and electromagnetic
interactions, the equation of regression gives:

logFy; = —=1.165logUp,qq + 97.83 @)

with a good correlation coefficient(R = 0.985).
Simplifying equation (4) further, we took anti-log on both
sides, to obtain:

F, = 10(-1165109Umqg+97.83) 5)

Opening the bracket of the expression, we obtained:

Eq — 10(—1.16510gUmag) X 1097-83 (6)

Hence, equation (6) becomes:
F, = (6.76 X 10%7). 10~ 1165l09Umag (7)

Rearranging equation (7), we obtained:

1.165

F, = (6.76 X 10°7).10"9!mdg ®)
Therefore, the relation becomes:
F, = (6.76 X 10%). U,,]}l';é’s )

Equation (9) simply suggested that F; varies with Uy,

according to the relation:
Fy~Ur, (10)

where ¥ = 1.165 is the slope of the plot.

4. Discussion

The unification was conducted using statistical method.
Statistical data was obtained from the Mexico City
Observatory, where we estimated the values as shown in

table 1. A plot of F; against Up,, gives a regression
equation: logF, = —1.165l0gUp,qy + 97.83 ; and with a
good correlation coefficient, R = 0.985. There is a positive
and strong relationship between the gravitational interaction
F, and the electromagnetic interaction, Uyq,q . This
suggestively indicate that gravitational and electromagnetic
interactions relate according to the expression:@~U,;‘fl'g;
where ¥ = 1.165 is the slope of the plot. The
electromagnetic force, Up,qq affects the cosmic ray particles
that have electric charge such as electrons. This is the force
that enables the atoms to form by the electromagnetic
attraction between the protons and the electrons which binds
them together in atoms.

The result in equation (10) indicates that moving charges
and moving masses provide an analogy of gravitational and
electromagnetic fields, which support the concept of a
gravito-magnetic force. This has attempted to solve to some
extend the speculations about the development in an attempt
to unify the interactions of particles; and even to incorporate
gravity in the “theory of everything”. Thus, the unification of
forces using the explosion mechanism and gravitational
waves in core-collapse supernovae is now becoming reality.

In comparison, Wagener (2009) limited its scope on
unifying the three fundamental forces: Gravitation,
Electrodynamics and the strong force with the help of the
derivation of the Yukawa potential. Ling, 2018 presented a
theory of unification of gravitational force and the
electromagnetic force based on generalization of Newton’s
law of gravitation to include a dynamic term inferred from
the Lorentz force of electromagnetic interaction.

In this work, forces were unified with the use of statistical
analysis of cosmic ray intensity as a signature of supernova
explosions. By “unify” we mean finding connections
between the gravitational and electromagnetic forces, which
show that they are different manifestations of a single force.

5. Conclusion

The unification process obtained for gravitational and
electromagnetic interaction, accounted for a good correlation
coefficient which indicates validity of the both interaction. It
connects the electromagnetic field with gravity. The
unification of forces using the explosion mechanism and
gravitational waves in core-collapse supernovae has become
a reality. It also provides insight into the unification of the
fundamental interactions, which in addition provides detailed
information about the universe. Future researchers should use
other extragalactic sources/data in their investigations. More
researches should be carried out using the statistical data
analysis rather than analytical approach to enhance the
research on unification of fundamental forces/super-
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unification.
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