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Particle fields from gravitational waves
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We study the dynamics of the trace of gravitational wave tensor (TGWT). We find that it behaves
as a scalar field with spectrum of masses. The static solution of this scalar field implies a spinor
representation of two coupled fermions with spectrum of masses. Fermions and bosons lower mass
is generated entirely from geometry when considering the second order contribution in gravitational
waves. If this gravitational form of scalar field and Dirac fields are chosen to be invariant under
standard model local unitary symmetries, we get a “gravitational” standard model of particle physics
in which TGWT plays the role of matter fields that include fermions and bosons or in other words
we get a local, perturbative and renormalizable quantum theory of gravity. On other side, we
investigate the possibility of deriving gauge fields from geometric part of Einstein field equation, We
get one-form field that is interpreted as electromagnetic gauge force when taking the Lorentz gauge.

I. INTRODUCTION

General Relativity (GR) is considered as the most suc-
cessful physical theories in describing gravity. Its predic-
tions have been tested and confirmed at several length
scales. Its gravitational waves have been confirmed and
recently observed at [1] travelling at the speed of light,
c = 2.998 × 108 m/s. One of the very early attempts
to construct a classical relativistic field theory of grav-
itation was the first Nördstrom scalar theory [2]. The
theory didn’t obey equivalence principle as it insists that
the speed of light should be constant in all frames. Such
Lorentz covariant gravity theory would imply a depen-
dence between the acceleration of falling bodies and their
energies such that the equivalence principle is violated [3].
Inspired by Mach principle, Eisntein developed other ob-
jections against how Nördstrom theory treated rotational
motions inconsistently. Eventually, Nördstrom suggested
modifying his theory such that the source matter should
be inertial, and hence, the equivalence principle becomes
satisfied [4].

Nördstrom’s second theory was influenced by Einstein-
Grossmann Entwurf theory, the very early version of gen-
eral theory of relativity, that adopted both the metric
tensor field and the Laue scalar 1, as a material source,
describe gravity. When it came to astronomical observa-
tions, Nördstrom new theory passed the test of redshift
effects. However, it failed to provide reasonable explana-
tion of the Mercury precession, just like how the Entwurf
theory did [5]. But more importantly, Einstein pointed
out that despite Nördstrom theory is more natural than
the Entwurf theory, Nördstrom theory does not obey
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1 Laue scalar is currently known as the trace of stress-energy ten-
sor.

Mach’s principle, which defines the quality of inertia as
a relational physical property. For Nördstrom theory be-
ing more natural, Einstein suggested in 1913 Vienna talk
to amend the Entwurf theory by accepting the Lorentz
invariance, together with the equivalence principle, and
by accepting a relational definition of gravitational po-
tentials but not absolute ones as in Nördstrom theories
[6]. Einstein strategy reckoned on adapting a transforma-
tion between coordinates using the Jacobian, a method
that is now known in the subject of manifold orientation
and weight of tensors densities or capacities. Eventually,
with the help of Nördstrom theory, Einstein developed
field equation in the form [7]

φ ∂νTµν = T ∂µφ, (1)

φ2φ = −4πGT (2)

where Tµν is the energy-momentum tensor, T is the Laue
scalar, G is Newton’s gravitational constant, and φ is the
gravitational scalar. Einstein could have celebrated his
new brilliant theory if it were not for a little obstacle he
found: the new theory opposes Mach principle as it pre-
dicts increasing the body inertia when it is further way
from other objects. Then, Einstein and Fokker, and his
research associate, realized that Nördstrom theories are
covariant under the orthonormal coordinate transforma-
tions, not the general ones [8]. Also, they noticed that
if one chose a preferred coordinates system, where the
speed of light is constant, then Nördstrom second theory
becomes the Entwurf theory. With such discovery we
now know why Nördstrom theory is a Lorentz covariant
theory of conformal flat spacetime, it is a precursor of all
the classical and modern Kaluza-Klein theories. More-
over, the conservation of energy, in form of the Bianchi
identity, in Nördstrom theory

∂νTµν = ∂µgρνg
ρσTσν (3)

led Einstein and Fokker to introduce the concept of
metricity, ∇ξgρν = 0 for some Killing vector ξ upon
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adopting the ful covariantization approach in the lan-
guage of absolute differential calculus, as the mathemat-
ical description of the principle of equivalence. Despite
that Einstein and Fokker developed the wrong field equa-
tion R = 8πGT , later it turned out it was a necessary
step for Einstein to relate his fully fledged general theory
of relativity to the Levi-Civita connection in Rieman-
nian geometry. The more important point here is that
Nördstrom theory is not completely invalid theory, it is
a theory of special preferred frames where the light ve-
locity is invariant too. In this letter, we consider reviv-
ing Nördstrom theory by assuming the scalar field is the
trace of the interactive part of the metric gravity ten-
sor Π = ηµνΠµν , where Πµν = gµν − ηµν . We call it
the trace of gravitational waves tensor or TGWT. The
importance of trace dynamics was realized by S. Adler
in his approach to explain emergence of quantum fields
from matrix theory [9]. We suggest that our approach
to be a simplified example of the post-Newtonian version
of Nördstrom theory [10]. Our study suggests marrying
General Relativity to the Nördstrom theory in a way that
fully respect the strong equivalence principle and implies
that matter fields and gauges stem fundamentally from
gravity. This may be the basis for local, perturbative
and renormalizable quantum theory of gravity. In next
section, we introduce the origin of scalar field from grav-
itational waves.

II. SCALAR FIELD

Let us start with the Einstein’s equation of general
theory of relativity

Gµν + Λgµν =
8πG

c4
Tµν (4)

where Gµν is Einstein’s tensor, Λ is the cosmological con-
stant and c is the speed of light. With weak-gravity ap-
proximation, one gets

gµν = ηµν + Πµν (5)

where Πµν is perturbation contribution around the flat
metric of spacetime (ηµν). In that case, Einstein field
equation reads

−2Πµν +∂λ∂µΠλ
ν + ∂λ∂νΠλ

µ − ηµν∂λ∂ρΠλρ (6)

−∂µ∂νΠ + ηµν2Π = Eµν

where Eµν = 16πG
c4 Tµν − 2Λ(ηµν + Πµν). The TGWT is

related to its amplitude [11]. Therefore, it is interesting
to understand the dynamics of these possible amplitudes.
Let us take the trace of Eq. (6), we get the following
equation

22Π− 2∂α∂βΠαβ = E (7)

where E = ηµνEµν = 16πG
c4 T − 2Λ(4 + Π), T = ηµνTµν

and Π = ηµνΠµν . We take convention of D’Alembertian

as 2 = − ∂2

∂t2 + ∇2. If we assume the Lorentz gauge as
follows

∂µΠµν = 0 (8)

Therefore, the TGWT equation in Eq. (7) can be written
as

2Π = E/2 (9)

If E is taken to be zero, it implies that

Λ =
8πG

c4
T

4 + Π
(10)

which implies that cosmological constant is decided by a
specific ratio between matter and geometry as shown in
Eq. (10). By satisfying this relation, we end up with an
equation as follows.

2Πµν = 0 (11)

which gives plane wave solutions for massless spin-2 field.
This requires the trace of Πµν to be identical to zero.
If we only consider the contribution from cosmological
constant in E , in Eq. (9), we get the following form

(2 + Λ) Π = −4Λ (12)

The exact static symmetric solution of this equation will
be given as follows

Π =
1

r

(
c1 e−i

√
Λr + c2 ei

√
Λr
)
− 4 (13)

where c1 and c2 are constants. This solution intro-
duces global oscillatory solutions as shown in Eq. (13)
that represent charged scalar fields. This implies that
charged scalar fields are possible solutions from gravita-
tional waves equations and originate fundamentally from
the cosmological constant.

The extra constant number (−4) introduces an abso-
lute contribution to the metric, which represents the rela-
tional interactions between the components of the whole
universe in agreement with Mach’s principle [12]. More-
over, the constant (−4) produces non-zero curvature with
non-trivial physical meaning and might be the geometric
origin of quantum fields in 3 spatial static dimensions. In
addition, the solution oscillates around fundamental and
constant length scale that originates from the cosmolog-
ical constant rΛ =

√
1/Λ = 9.51 × 1025m. Using this

fundamental length, we can define a fundamental area as
AΛ = 1/Λ = 9.0449 × 1051 m2. Using the entropy-area
law which is applicable in black holes [13] and cosmo-
logical models of apparent horizon [14], we get the cor-
responding entropy or information corresponding to this
fundamental area as follows

SBH =
c3AΛ

4G~
=

c3

4G~
1

Λ
= 8.674× 10120 (14)
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This number introduces the total amount of information
that exists per fundamental area and is distributed glob-
ally over the whole universe according to our solutions.
The solution Eq. (13) is consistent with physical nature
of cosmological constant as being globally distributed
over the whole universe.

To find more of Eq. (9) related solutions, we consider
contribution of stress energy tensor. We assume for sim-
plicity a linear relation between E and Π in the form of
E = κ Π, where κ is the linear proportionality constant.
This assumption is consistent with taking the trace of
Einstein field equation that indicates that the Ricci scalar
R is proportional to the trace of stress-energy tensor T
and as in the conformally flat Nördstrom theory. In that,
case Eq. (9) can be written as follows

(2− κ) Π = 0 (15)

where the last equation describes a massive scalar field
which possesses mass value that originates from the con-
tribution of cosmological constant and stress tensor in
gravitational waves equation. We notice that Eq. (11)
and (15), the massless and massive field equations, are
both invariant under external symmetry SO(1,3), and at
the same time they express the gravitational dynamics.
Upon quantization, we have a local quantum theory of
gravity that respects causality. The exact “static” spher-
ically symmetric solution of Eq. (12) is given by

Π =
1

r

(
c1 e−

√
κr + c2 e

√
κr
)

(16)

In case of κ < 0, i.e., 8πGT < (4 + Π)Λ , we get
global oscillatory solutions related to the solution shown
in Eq. (13) that represents charged scalar fields. We
only need to replace Λ with κ. In case of κ > 0, i.e.,
8πGT > (4 + Π)Λ. The solution introduces both con-

tracting term (e−
√

κ
3 r/r) that dominates for short dis-

tance and expanding term (e
√

κ
3 r/r) that dominates for

long distance. The contracting term is Yukawa potential
which describes two coupled fermions meditated by nu-
clear force [15]. In addition, this possible solution by
itself implies that scalar field Π can have spinor rep-
resentation with associated dynamics to describe these
hidden two fermions; we will show this in the next sec-
tion. Therefore, the constant c1 can be substituted with
Yukawa-like coupling constant. The expanding term in-
troduces the expansion of the universe [16] that contains
these gravitational waves. It can also explain exponential
growth in nuclear chain reactions. This part of the solu-
tion by itself does not imply that scalar field should have
spinor representation. This part of the solution presents
two-coupled fermions confinement. Therefore, both parts
of the solutions introduces scalar field that could be a
fundamental boson like Higgs field when expanding term
dominates at long distance, or could be composed of two
coupled fermions such as pions field when contracting
term dominates at short distance. The universe filled

with such scalar field could be continuously switching
between “inhalation” state and “exhalation” states. The
solution Eq. (16), with expanding and contracting terms,
could be related, except for the r powers, to quintessence
behavior which can be attractive or repulsive [17, 18].
These different solutions generate a spectrum of different
masses for the scalar field by allowing changes in E that
depends on stress energy tensor Tµν and cosmological
constant Λ.

III. SPINOR FIELD

We see that the solution in Eq. (16) of the scalar field
Π includes Yukawa-like potential which describes the in-
teraction between two fermions. Moreover, the TGWT
represents the summation over the diagonal of 4× 4 ma-
trix (Πµν), therefore, the TGWT contains dynamics of
4 different parameters. To understand dynamics behind
the Yukawa potential and how these 4 parameters would
behave, we can follow exactly Dirac procedure in lineariz-
ing scalar field equation (15) to investigate its spinor rep-
resentation, which could tell more information about the
dynamics of the four elements of the diagonal of Πµν .
Therefore, we get a Dirac field [19] which originates from
the gravitational waves as follows:

(iγµ∂
µ +m) (iγµ∂

µ −m) Π = 0

(iγµ∂
µ −m) Ψ = 0 (17)

where m =
√
κ. In such representation, the field Π could

be looked at as a 4× 1 matrix called Ψ. Once again, the
fermion mass in Eq. (17) depends on the trace E from Eq.
(9). This generates mass spectrum for this Dirac field
which could give all known fermions masses for different
values of E as it is clear that the mass term m breaks the
chiral symmetry explicitly.

In principle, we have a gravitational expression for
matter fields as bosons and fermions. This implies that
the gravitational waves may give a fundamental gravita-
tional origin of matter fields that are used to build up
the standard model of particle physics. Also, the scalar
field and Dirac field can be reinterpreted as states, solu-
tions, or amplitudes of the gravitational waves. In other
words, the standard model of particle physics could be
a standard model of gravitational waves solutions. This
may form a fundamental connection between gravity and
matter fields that investigated at the quantum level. The
quantum field theory of scalar and Dirac fields are com-
pletely renormalizable, and therefore the quantum theory
of TGWT are also renormalizable.

The strong equivalence principle mandates that hµν is
exclusively geometrical by nature, i.e., the metric field
alone describes the effect of gravity, and local experi-
ments, without the need of any extra associated fields
[20]. And the proposed theory here respects the strong
equivalence principle as fields stem fundamentally from
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gravity. This may tell us more on the true nature of
matter-wave duality. In our model particle, matter can
be understood as the trace of the waves.

IV. SECOND ORDER AND ORIGIN OF MASS

Let us investigate if our results can be generalized when
considering the second order contribution in gravitational
waves equation. The gravitational wave equation Eq. (6)
is modified to the following form [21].

−2Πµν + ∂λ∂µΠλ
ν + ∂λ∂νΠλ

µ − ηµν∂λ∂ρΠλρ

−∂µ∂νΠ + ηµν2Π + µ2 (Πµν − ηµνΠ) = Eµν (18)

where µ2 is the second order strength parameter. Choos-
ing the Lorentz gauge (28) with assuming Eµν = 0, we
have the trace-less metric Π = 0. Tensor Πµν would fol-
low the following Klein-Gordon-like equation

(
2− µ2

)
Πµν = 0 (19)

We notice here that mass concept (µ) stem fundamen-
tally from second order contribution without the need to
stress-energy tensor or cosmological constant, which in-
dicates that mass is a pure geometric property that is
generated at second order contribution in gravitational
waves. This gravity/geometry origin of mass may be
a gravitational interpretation for spontaneous symme-
try breaking process that generate the concept of mass
from vacuum energy as in Higgs mechanism [22]. We will
see that bosons and fermions will get their masses from
the second order correction as follows. If we consider
the contribution of stress-energy tensor and cosmological
constant upon taking the trace of Eq. (18), we end up
with

22Π− 2∂λ∂ρΠ
λρ − 3µ2Π = E (20)

And upon applying the Lorentz gauge ∂µΠµν = 0, we get
the following equation

(
2− 3

2
µ2

)
Π =

1

2
E (21)

Eq. (21) has different solutions depending on the value
of E . In case of considering only the contribution of cos-
mological constant, we get the following equation

(
2− (

3

2
µ2 − Λ)

)
Π = −4Λ (22)

The general static spherically symmetric solution of
Eq. (22) is given by

Π =
1

r

(
c3 e−

√
3
2µ

2−Λ r + c4 e
√

3
2µ

2−Λ r
)
− 4 (23)

The solution of Eq. (23) is plotted in figure (1) in
comaprsion with Newton’s scalar potential of gravity.
Upon comparing the solution with first order Newtonian
expansion of the metric, we get

c3 =
1

2


GM

c2
+

4√
3µ2

2c2~2 − Λ


 (24)

c4 =
1

2


GM

c2
− 4√

3µ2

2c2~2 − Λ


 (25)

If we use the SI system and substitute for the values
of the variables in last two equations, we notice c3 ∼ c4,
and both constants have units [meter]. This is true for a
test mass like sun M = 1.98 × 1030 Kg. Also, consider
the µ2 to be that of the Higgs mass. Thus, the effect of
the square root term becomes just a scale factor, which
is expected as the µ2 is comparable to Λ. Finally, we
notice in the very early universe, the dominant factor

was the e−
√

3µ2

2c2~2−Λ×r/r. After expansion the dominant

factor is e

√
3µ2

2c2~2−Λ×r/r, which matches with our expec-
tation about the “inhaling” and “exhaling” states of the
universe.
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Figure 1: Π vs the Newtonian potentials for the Sun as
functions in r/H0, where H0 = 1.36× 1026 m is the

Hubble Length.

We notice in figure (1) that Π scalar field has a so-
lution that is bounded from below and has a minimal
value happens at distance 0.138H0 m in contrast to the
behavior of Newton’s potential that does not have mini-
mal value. The scalar field Π may play a role to explain
the inflationary cosmology [23]. This needs further study.

In case of Λ > 3/2µ2, we get imaginary oscillatory
solutions that represent charged scalar fields. In case
Λ = 3/2µ2, we get constant global solution that is iden-
tified within Mach’s principle [12]. In case Λ < 3/2µ2,
we get Yuakawa-like potential and expanding potential.
The Yuakawa-like potential again indicates a coupling
between two fermions, which implies that the scalar field
should have spinor representation which agree with our
finding at the first order computations. Again, this im-
plies that a universe filled with this scalar field could be
continuously switching between “inhalation” state and
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“exhalation” state. The solution (23), with the expand-
ing and contracting terms, is again related to, except for
the r powers, the quintessence behavior which can be
attractive or repulsive [17, 18].

The spinor representation of the scalar field in Eq. (23)
is given by

(iγµ∂
µ +m′) (iγµ∂

µ −m′) Π = 0

(iγµ∂
µ −m′) Ψ = 0 (26)

where m′ =
√

3
2µ

2 − Λ. We notice here that the

fermion’s mass stem fundamentally from higher order
contributions in gravitational waves through the mass pa-
rameter µ and cosmological constant Λ. This once again
implies that second order correction introduces the a ge-
ometric origin of mass and it breaks the chiral symmetry
explicitly by this mass term. It is clear that results at
first order have been generalized at the second order in a
straightforward way. We expect that our results will be
generalized upon considering more higher orders.

V. GRAVITATIONAL STANDARD MODEL

The Lagrangian that describes the scalar field and
Dirac field is given by

L = ∂µΠ ∂µΠ−m2Π2 + Ψ̄ (iγµD
µ −m′) Ψ (27)

where Π is the TGWT and Ψ is the spinor representation
of it. These two fields form the matter fields that consti-
tute the standard model of particle physics. If we choose
the Lagrangian to be invariant under the local symme-
tries SU(3)×SU(2)×U(1), we get the gravitational stan-
dard model of particle physics, or in other words, we get
a local, perturbative, renormalizable quantum theory of
gravity. Notice that in next section, we will introduce a
counter example where we will explain the possibility of
choosing gauge symmetries by assuming them on grav-
itational wave equation at different orders. In this sec-
tion, we just introduce the simple idea which says what
if TGWT, that introduces a fundamental origin of scalar
and spinor field, is chosen to be invariant under local uni-
tary symmetry such as SU(3)×SU(2)×U(1); we simply
get the standard model of particle physics. It seems that
SO(10) [24, 25] that unifies standard model symmetries
in one symmetry group is a theory of everything once
TGWT is chosen to be invariant under it. Note that
SO(10) is a subgroup of diffeomorphism group that intro-
duces the general coordinate transformation, the math-
ematical expression of strong equivalence principle that
GR is based on. SO(10) is expected to appear as a gauge
condition when considering higher order contributions in
gravitational wave equations. On the other side, our re-
sult indicates that Field/Gravity correspondence [26, 27]
is deeper than a correspondence; we found that matter

fields stem fundamentally from gravity. The TGWT may
play the role that forms the fundamental reason of origin
of matter fields from gravity which may match with the
new model that suggest a universe emerging from a sin-
gle particle [28]. We think that the TGWT is the piece
that completes the puzzle; it marries quantum matter
and gravity and introduces an original deep meaning of
unification between them. In simple words, gravity let
there be matter.

VI. GAUGE AND FORCE

Motivated by the idea that mass concept is purely ge-
ometric and emerge at the second order of gravitational
waves, we study the possibility to find gauge fields from
gauge choices on the gravitational waves equation. If we
“choose” Lorentz gauge, which is satisfied by the follow-
ing condition

∂µΠµν = 0 (28)

then the “choice” implies–only if we take E = 0–that the
gravitational wave tensor becomes traceless

Π = 0 (29)

The symmetric property of Πµν supports a choice of a
form of Πµν as follows

Πµν = (∂µAν + ∂νAµ) (30)

where Aµ is an arbitrary one-form vector field. The trace-
less property of Πµν in the considered case implies that
∂µAµ = 0 which is a Lorentz condition on vector field.
The vector field Aµ’s equation of motion can be writ-
ten, after substituting Eq. (30), into the Lorentz gauge
condition in Eq. (28).

∂µΠµν = 2Aν + ∂ν∂
µAµ = 2Aν = 0 (31)

where we use the condition ∂µAµ = 0 . Eq. (31) is an
equation of vector potential Aµ that coincides with the
equation of motion for electromagnetic vector potential
in the free space [29] when applying Lorentz gauge on the
vector field.

Upon considering the contribution of cosmological con-
stant, we find that TGWT of Eq. (30) does not vanish
(i.e Π 6= 0), and its values is given by 2 ∂µ A

µ 6= 0. Its
dynamical equation is quite similar to Eq. (12) as follows

(2 + Λ) (∂µA
µ) = −2Λ (32)

which can be integrated in the following form

(2 + Λ)Aµ = −2Λxµ (33)
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where the term jµ = (−2Λxµ) plays the role of source of
one-form field Aµ. We notice that Eq. (32) exists only if
the cosmological constant is considered. Therefore, Eq.
(33) shows an existence of a net source of charge in nature
which indicates that electric charge is created from the
cosmological constant contribution as a primary source.
The exact static spherical symmetric solution of Eq. (33)
is giving by

Ar =
1

r

(
d1 e−i

√
Λr + d2 ei

√
Λr
)
− 2r (34)

where d1 and d2 are constants. The solution introduces
oscillatory charged field solution. This indicates that the
one-form field Aµ implies charge physical property when
considering the cosmological constant contribution. This
supports our interpretation of Aµ one-form field as elec-
tromagnetic gauge force.

One may say that how is the ”anti-symmetric” electro-
magnetic tensor Fµν = ∂µAν−∂νAµ follow from gravity?
The short answer is it’s the Riemann Tensor because it’s
expressed, with suppressed indices, (∂Γ−∂Γ)+(ΓΓ−ΓΓ),
where interestingly the last term looks like a non abelian
Yang Mills theory. However the Γ itself is not a vector,
it’s the Christoffel connection that doesn’t propagate,
i.e., it doesn’t have a wave equation. But its compo-
nents Πµν and their derivatives, with their vector poten-
tial Aµ, are the propagating ones. Other studies in [30]
used conformal redefinition of the metric that singles out
the scalar mode of the metric, and they obtained similar
equation to our Eq. (30).

Gauges in their general Yang-Mills-Utiyama form [31,
32], upon quantization, define the bosons as force car-
riers between fermions. Therefore, We can say safely
that the gauge choice per se is responsible for generating
the concept of force. In our case, we got a force that
is sourced [33] by the one-form field Aµ, which is mass-
less, and hence, its corresponding force is a long-range
one. This force can be interpreted as the electromagnetic
force. This interpretation is valid as far as our computa-
tion stop at the first order terms of gravitational waves
equation and with considering E = 0. As the choice of
Lorentz gauge generates an one-form gauge field Aµ, the
gravitational waves equation becomes Eq. (11) for which
the solution will be plane wave that possesses amplitude
that could be expressed in terms of one-form field Aµ. It
implies that electromagnetic one-form appears as one of
the modes of the gravitational waves amplitude up to the
first order. We expect that this result could be general-
ized upon considering higher order contributions.

By choosing specific gauges, we generate the corre-
sponding forces. When we consider linear gauge con-
dition such as Lorentz gauge, we generated the electro-
magnetic gauge field. It is expected when we consider
higher order corrections, there will be a freedom to have a
linear gauge conditions and non-linear gauge conditions.
Also, it is expected that non-linear conditions would gen-
erate non-abelain gauge fields. We leave this for future
studies. However, there is a mathematical study on find-
ing the Riemannian geometry of fiber bundles that may

help to find the form on non-abelian gauges through con-
sidering the higher order contributions in gravitational
wave equations that follow Riemannian geometry [34].
Besides, there are physics studies about finding linear
and nonlinear gauges in higher order contributions of
gravitational wave equations [35–38]. The non-abelian
gauge fields such as weak nuclear force and strong nu-
clear force may appear as gauge conditions upon consid-
ering higher order contributions in the gravitational wave
equation. Considering higher orders is perturbative since
these higher orders contribute at the end to exact solu-
tions of Einstein field equation. Therefore, our model
may form the basis to have perturbabtive, renormaliz-
able and local quantum theory of gravity which respects
causality and agrees with the main conditions to have
quantum theory of gravity [39].

VII. PHENOMENOLOGY AND TESTING THE
THEORY

Very recent observations for polarized light and its
magnetic field lines reveal how the light originates from a
region very close to the edge of the black hole in the cen-
ter of M87 galaxy [40]. In figure (2), the images show
“blurred fiducial” Stokes intensity distribution around
the emission of the black hole upon representing the lin-
ear polarization as a vector field. The sweeping lines in
the image depict streamlines of the field such that they
trace the electric vector position angles patterns. This
suggests how matter paths look near the inner edge be-
fore the matter falls into the black hole. As the size and
intensity of the polarized jet is colossal compared to the
size of the center of M87, the behavior of the matter un-
der the effect of ginormous gravity is suggested to provide
a way to test the theories beyond general relativity, that
suggests a gravitational origin of matter fields and elec-
tromagnetic phenomena, including the presented theory
in this letter.

VIII. ONENESS OR DUALITY

When we say that radiation spreads in the form of
waves, we mean that radiation does not remain localized
between the localized source and the localized point of
detection, but instead fills a wide volume of space. How-
ever, claiming that matter is made up of particles implies
that not only observables, or phenomena, show a distinct
pattern of localized events, but also unobservables, or in-
terphenomena.

It is subtle to explain unobservables using the same
quantum rules that observables obey. Any complete ex-
planation of interphenomena leads to causal anomalies,
or interactions that can be considered as a behavior at
a distance. This is what separates quantum reality from
everyday life. And this is the problem that Bohr tried
to solve in his famous complementarity theory, in which
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Figure 2: The M87 supermassive black hole with ejected
associated magnetic fields. The field orientation is

marked by the streamlines. Credit: EHT Collaboration.

he claims that each interpretation, particle and wave,
is partially adequate and requires the use of the other
one to compensate for its shortcomings. This conclusion
can be interpreted as “both interpretations have causal
anomalies, but each at a different place.” This is why
they work well together. It is pertinent to mention that
observation of observables becomes possible only taking
into consideration time and its direction within the ob-
served space (locality). When same analysis is applied to
the unobservables, the results are rather strange because
the unobservables do not operate under the same rules
due to their timeless nature and non locality.

Our findings see matter-wave duality as a manifesta-
tion of the same thing which is gravity. This might be
connected with Bohm’s interpretation of quantum world.
In the same way, Bohm’s interpretation tries to get rid of
wave/particle duality [41, 42], it preserves and even high-
lights another nonlocality: the capacity of one particle to
influence another instantaneously across vast distances.
Although this interpretation tries to make the world more
sensible with the pilot-wave model, it is also argued that
complete clarity is impossible. In the Wholeness and the
Implicate Order [43], there is a broader–secret ”impli-
cate order” underlying physical appearances–the ”expli-
cate order.” Bohm suggested that the implicate order is
a region made up of an infinite number of fluctuating pi-
lot waves when he applied this principle to the quantum
realm. The overlapping of these waves results in what we
see as particles, which make up the explicate order. Even
space and time might be manifestations of a deeper, im-
plicate order. The gravitational waves in our study may

have a fundamental connection with the concept of pilot
wave in Bohm’s vision. The overlapping of pilot waves
may correspond to the TGWT in our approach.

Therefore, we might conclude that our usual exten-
sion law, which we take for granted in everyday lan-
guage, fails in the microcosm. That is why the microcosm
seems strange and incomprehensible in comparison with
the common sense stemming from daily experiences. We
need to make this extension rule explicit; we need to ex-
plain why we should talk about unobserved houses when
we want to know why we can’t talk about unobserved
quantum occurrences in the same way. We therefore sug-
gest that the wave-particle duality can be explained in
this manner. Both are similar descriptions; moreover,
none can define unobservables in terms of the same laws
that regulate observables, since such a description is un-
fathomable.

Those who may question whether matter is made up
of particles or waves do not remember that the answer
is that particle and wave are one and the same; and
those who say matter can be represented in terms of
particles and waves must note that neither definition ap-
plies to macrocosmic structures in the context implic-
itly assumed. Quantum objects defy the principles we’ve
formed upon learning from our everyday experiences with
objects in our world. For the physics of macro dimen-
sions, defining objects that stay the same when not ob-
served is a rational language; moreover, we do not assume
that the same definition can be extended to micro dimen-
sions without qualification. The definition rules do not
embody metaphysical or ontological truths; they are the
product of habits formed by contact with our surround-
ings. When such rules prove insufficient for the microcos-
mic definitions, we must replace them with better rules.
In fact, by reflecting on signs in the cosmos one realizes
that the particles and waves are mirrors for one another.
They are aspects of the same reality, intimating an un-
derlying unity within existence despite the appearance of
outward multiplicity.

We conclude that gravity by itself contains components
that can be quantized and renormalized and these com-
ponents exist in the TGWT. On other side, off-diagonal
elements of gravitational wave tensor may form the “hid-
den” variable for any local quantum system. In sim-
ple words, gravity forms the hidden variable of quan-
tum world which is part from gravity as well. In quan-
tum mechanics language, state function is defined as the
wavefunction the contains the information about physical
system, and on other side, gravitational waves couples to
everything according to covariance principle which mean
gravitational waves in principle contains all information
about the quantum system that couple with it. There-
fore, it is legitimate to define gravitational waves as the
wavefunction that describe every quantum system. No-
tice that wavefunction in quantum mechanics is contin-
uous and gravitational wave is continuous as well. Our
approach take the concept wavefunction from being only
mathematical expression that can not be measured into a
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new understanding that wavefunction has a physical exis-
tence and it corresponds to the gravitational waves. Our
study show the deep connection between the concepts
of gravitational waves, mass, fields, and wavefunction in
one unified picture that all of them are different manifes-
tations for gravitational waves in a consistent way that
respect strong equivalence principle. In Fig. (3), we show
how the matter world stem fundamentally from gravita-
tional waves, and off-diagonal terms play the role of wave
function for every physical system.







6 elements of 
gravitational wave

6 elements of 
gravitational wave

4 elements of matter field (Quantum Mechanics)

Figure 3: Matrix Diagram of Gravitational waves

IX. CONCLUSION

We find that the trace of gravitational waves tensor
(TWGT) behaves as a scalar field. The static solution

of this scalar field includes contracting and expanding
potentials. The contracting one is Yukawa potential that
describes coupling between two fermions. This motivated
us to derive the spinor representation of our scalar field,
that gives spectrum of masses for the Dirac field. This
implies that both bosons and fermions stem fundamen-
tally from the gravity metric in a way that is consistent
with the strong equivalence principle, the principle that
mandates the metric to be geometric by nature and such
metric would describe gravity effects and local experi-
ments without the need of any extra associated fields.
Upon quantization, we have a renormalizable, perturba-
tive standard model of elementary fields if we require
TGWT to be invariant under SU(3) × SU(2) × U(1).
This may establish a simple understanding that local
quantum mechanics only describes part from the whole
system. On other side, we think that unitary symmetries
(abelian and non-abelian) does not need to be imposed
on the TGWT to construct the standard model. We can
impose gauges on the gravitational wave equations such
as Lorentz gauge to yield such gauge fields with unitary
symmetries. We introduced the electromagnetic gauge
force as an example. Non linear gauge conditions may
be found when considering higher orders corrections in
gravitational wave equations. We hope to report on these
in the future.
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itationstheorie vom Standpunkt des absoluten Differen-
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