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Abstract

In this paper, logical and novel approach in quantifying and scalarizing tensor metrics quantum gravity with rank gradation
process of interactively coupled phenomena of gravity, time, space-time, quanta, and fields domains have been thoroughly
analyzed mathematically. The author advances the theory of quantum gravity by integrating gravity and tensor time metrics,
building on emergent theories such as Loop Quantum Gravity (LQG). LQG suggests that spacetime is quantized at the smallest
scales, with gravity and spacetime geometry emerging from the quantum states of the gravitational field. This study proposes
a method to quantize the gravitational field, focusing on the implications of tensor gradation and its impact on the metric
structure of spacetime, explores the gradation of time tensors from rank-6 to rank-1 vectors in spacetime, bridging General
Relativity (GR) and Quantum Relativity (QR). This study shows how metrics affects the time wavefunctions via Hamiltonian
action differ from that those of influencing the gravitational gradients. By separating these metrics, we propose a method
for the prediction of future time events on purely empirical basis. The results indicate that our approach can be enabled to
reconcile the various aspects of general relativity and quantum mechanics, and finally offer a new insights into the nature of

spacetime at the quantum level.

KeyWOI‘dS: General Relativity; Quantum Mechanics; Smallest Scales; Scalarizing Tensor Metrics; Gradation Tensor Rank

Abbreviations

GR: General Relativity; QR: Quantum Relativity; LQG:
Loop Quantum Gravity; GUTs: Grand Unified Theories;
LHC: Large Hadron Collider; CMBR: Cosmic Microwave
Background Radiation; QFT: Quantum Field Theory; TEGS:
Teknet Earth Global Symposia.

Introduction

The quest for unifying the general relativity (GR) as
well as the quantum mechanics (QM) has led to various

Scalar Metrics Tensor Gradation Rank-n Quantum Gravity Physics

theoretical frameworks, including string theory and loop
quantum gravity. However, a complete theory of quantum
gravity remains elusive. Emergent theories like Loop
Quantum Gravity (LQG) propose that spacetime is nothing
but quantized at the smallest scales, with a suggestion that
both the gravity and spacetime geometry can be emerging
from the quantum states of the gravitational field as
emergent properties. So, one can visualize the space -time
through LQG as a network of loops, known as spin networks,
where whose edges represent the quantum states of the
gravitational field, while nodes represent as an interaction
between these states. This discrete structure , therefore,
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helps us to avoid the crisis of infinities that arise in classical
gravity theories. Recent researches on LQG have explored
the concept of boundary maps, where the quantum states
of the bulk geometry are represented as wave-functions
on the boundary. This approach helps to understand the
relationship between the bulk and the boundary in quantum
gravity. Additionally, matrix models offer an alternative
approach in to describing the quantum spacetime. The
use of matrices in these models in quantifying the degrees
of freedom of spacetime provides a different perspective
related to quantum gravity. For example , certain solutions in
matrix models suggest a quantized cosmological spacetime,
where the fluctuations of these matrices can give rise to
gravitational phenomena. The idea that the bulk properties
of spacetime can be understood through its boundary can
be treated as is a significant concept in both LQG and matrix
models. This correspondence is crucial for understanding
how quantum states of geometry relate to the observable
phenomena. Both the LQG and matrix models suggest that
spacetime and gravity might be those emergent properties
which are arising from the fundamental quantum structures
little bit more. Please see extensive references as listed at
the end of this article that will explore further on what is the
sized of the literature associated with this present paper [1-
76].

The author has considered advancing quantum gravity
with gravity and tensor time metrics [40,41]. Emergent
theories like Loop Quantum Gravity, which states the
quantization of Spacetime as discrete structure at the
smallest scales, suggests that gravity and spacetime geometry
emerges from the quantum states of the gravitational field as
emergent properties

The Aspects of Underlining Spacetime maybe a
Result of: (i) mixing of the domains spatial temporal; (ii)
fixing of the metrics equations with c2dt’.. We propose in
this paper a method to quantize the gravitational field by
examining the gradation of rank tensors within a framework
of metric wavefunction.

The purpose of this study is to address the fundamental
issues of spacetime quantization and to explore the
potential for the unified description of gravity and quantum
phenomena. The gradation of time tensors from rank-6 to
rank-1 vectors in spacetime presents a novel approach to
unifying General Relativity (GR) and Quantum Relativity
(QR). In this study we examine:
¢ The metrics that affect time wavefunctions through

Hamiltonian action, and
¢ Then compares them to those influencing gravitational

gradients.
¢ Finally, an approach of tensor gradation within a

framework of metric wavefunction for expressing the
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existing quantum gravity and the emergent theories that
are given below through highlighting unique aspects as
well as common goals.

Loop Quantum Gravity (LQG) [15,22,63]

Quantization of Spacetime: Both LQG and the tensor
gradation approach propose that the spacetime is
quantized at the smallest scales. For example, LQG uses
spin networks to represent the discrete spacetime, while
the tensor gradation approach uses the rank tensors for
describing the quantum states of the metric field [62].

Discrete Structure: LQG visualizes the spacetime as a
network of loops, whereas the tensor gradation focuses
on the gradation of tensor ranks for capturing the
discrete nature of spacetime.

Mathematical Framework: LQG relies heavily on the
mathematical framework of spin networks and spin
foams, while the tensor gradation approach uses tensor
calculus as well as wavefunctionality in order to describe
the quantum properties of spacetime.

String Theory [54,55]

Fundamental Entities: String theory posits that the
fundamental entities are one-dimensional strings,
whose vibrations correspond to different particles.
In contrast, the tensor gradation approach focuses on
the quantization of the metric tensor and its gradation
across the spacetime [54,55].

Extra Dimensions: For String theory it requires
additional spatial dimensions (typically 10 or 11) for
its consistency, whereas the tensor gradation approach
operates within the framework of the familiar spatial and
temporal matrix focusing on the quantum properties of
the metric tensor.

Unification: The aim of the String theory is to unify
all the fundamental forces, including gravity, within
a single framework. The tensor gradation approach
primarily addresses the unification of general relativity
and quantum mechanics through the quantization of the
gravitational fields.

Causal Dynamical Triangulations (CDT) [16,46]

Spacetime Discretization: CDT discretizes the
spacetime by breaking it into simplexes (triangles in
2D, tetrahedra in 3D, etc.) and studies the evolution of
these structures. The tensor gradation approach, on the
other hand, uses the gradation of tensors to describe the
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discrete structure of spacetime [16,46].

e Causality: CDT emphasizes by maintain

¢ ing causality in the discretized spacetime, with ensuring
the preservation of the causal structure of spacetime.
Therefore, the tensor gradation approach does not
explicitly focus on causality rather than on the quantum
states of the metric tensor.

Asymptotic Safety [16]

Renormalization Group: The asymptotic safety approach
uses renormalization group to study the behavior of gravity
at high energies, aiming to find a fixed point where gravity
remains under well-defined and finite manner. It is to be
noted that the tensor gradation approach does not explicitly
use the renormalization group; but focuses on the spacetime
discrete nature through tensor gradation [16].

Predictive Power: Aim of both the above approaches is
to provide a predictive framework for quantum gravity.
i.e. Asymptotic safety seeks to make predictions based on
the fixed point of the renormalization group flow, while
the tensor gradation approach uses probabilistic nature of
wavefunctions and tensor gradation for to predicting the
spacetime events.

Emergent Spacetime Theories [53]

Fundamental Idea: The emergent spacetime theories
suggest that the spacetime and gravity both emerge from
the collective behavior of more fundamental entities, such as
quantum states or information [53]. This is in contrast with
the traditional view of spacetime as a fundamental backdrop
for physical events.

Examples: Notable examples include Erik Verlinde’s entropic
gravity, where gravity emerges from changes in information
entropy, and the holographic principle [53], which posits
that the description of a volume of space can be encoded on
its boundary.

Connections to Tensor Gradation Approach

Emergence from Quantum States: The gradation of rank
tensors and the quantization of the metric field approach
aligns with the idea that spacetime geometry emerges from
quantum states. By treating the metric tensor as a quantum
field and exploring its gradation, one can provide a framework
where the geometry of spacetime will be considered as a
result of underlying quantum phenomena.

Discrete Structure: Both the theories of emergent spacetime
and the tensor gradation approach emphasize the discrete
nature of spacetime at the smallest scales. In the framework
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of tensor gradation, this is captured through the gradation
of tensors, which reflects varying degrees of quantum
fluctuations and curvature.

Wavefunctionality: The concept of metric wavefunctionality
in the tensor gradation approach parallely provides the
idea in emergent theories that the spacetime properties
can be described in a probabilistic manner such that this
wavefunctionality captures the quantum fluctuations of
the metrics, on contributing to the emergent nature of the
spacetime.

Specific Aspects of Emergence

Information Flow: Emergent theories often involve the
flow of information as a key component. In this approach,
the interaction between the time wavefunctions and the
gravitational gradients both can be seen as a single form of
information flow, in which the metrics governing interactions
determine the emergent properties of the spacetime.

Bulk-Boundary Correspondence: The basic idea related to
the bulk properties of spacetime can be understood through
its boundary that signifies the emergent theories, such as the
holographic principle.

Here in the tensor gradation approach, with its focus
on tensor gradation as well as wavefunctionality, all these
can be interpreted within this context, where the boundary
conditions of the metric field influence the bulk geometry.

Implications for Quantum Gravity

The problem with ultraviolet catastrophe within the
classical physics, though had been solved by Quantum
Mechanics, subsequently this had encountered inconsistency
with General Relativity in vacuum catastrophe by very large
orders of magnitude in energy.

¢ Unification of GR and QM: By providing a framework
that incorporates both general relativity and quantum
mechanics through the quantization of the metric
tensor, this gradation of the tensors approach thereby
contributes to the broader goal of unifying these two
pillars of modern physics. This unification is a central
theme in the emergent spacetime theories.

e Predictive Power: The probabilistic nature of
wavefunctions as well as use of tensor gradation in this
approach offer a way of making empirical predictions
about spacetime events. This aligns with the goal of
emergent theories towards providing a predictive
framework for understanding of the fundamental nature
of spacetime.

Copyright®© lyer R.


https://medwinpublishers.com/OAJA/

Unique Aspects of Tensor Gradation Approach

Tensor Gradation: The unique feature of this approach
is the gradation of rank tensors, which allows varying
degree of quantum fluctuations and curvature across
different regions of spacetime. This provides a new
perspective on the geometry of spacetime.

Metric Wavefunctionality: By extending the concept
of wavefunctionality to the metrics field, this approach
incorporates quantum fluctuations of the metric, offering
framework of spacetime quantization comprehensively.

Separation of the Metrics: The approach via the
distinguishing between the metrics affecting time
wavefunctions and those affecting the gravitational
gradient, allows for furthermore with nuanced
understanding the dynamics of spacetime.

A Brief Overview of Each Section in the Article:

In Abstract: This section provides a concise summary
of the present study .paper, highlighting the focus on
the gradation of time tensors from rank-6 to rank-1
vectors in field of spacetime, and also investigating the
metrics that affecting the time wavefunctions and the
gravitational gradients.

In Introduction: It sets the stage for the study, explaining
the significance of unifying General Relativity (GR) and
Quantum Relativity (QR) through the gradation of time
tensors. It outlines the objectives and the scope of the
research.

In Results with Mathematical Derivations as well
as Discussions and Experimental Validation: This
section presents the findings of the study, detailing the
process of scalarizing tensor time and gravity through
matrix factorization mechanisms. It explains how the
interaction of sense-fields-effect mesoscopic coupling
with gravitational gradients generates gravitational
fields wavefunctions. This paper provides detailed
mathematical derivations to support the theoretical
concepts, including tensor manipulation, metric tensor
factorization, and the scalarized Lagrange equation of
motion.

Discussions: Analyze further implications of the results,
including the classical scalar equation of motion under
gravitational fields and the relevance of Einstein’s Field
Equations and the Schwarzschild metric. It also explores
the theoretical framework’s potential impact on our
understanding of spacetime. Experimental validation list
proposes various experimental approaches to validate
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the theoretical framework, such as high-energy particle
collisions, gravitational wave observations, quantum
entanglement experiments, astrophysical observations,
and laboratory simulations.

5. In Conclusion and Summarizing Key Takeaways
of Article: Summarizes the key findings and their
significance, emphasizing the potential for future
research in quantum gravity and the broaderimplications
for our understanding of the universe.

6. Potential Applications of this Research: Lists key
areas where this research could have a significant impact
per quantum gravity and the rank tensor gradation with
several potential applications across the various fields of
physics and beyond sciences.

7. References: Lists the sources cited throughout the paper,
providing a foundation for the research and supporting
the theoretical and experimental claims made.

Figure 1: TREE type diagram indicating main branch
(STEM) Physics, then sub-branching.

e Astrophysics: Astrophysicsinvolves the study of celestial
bodies and phenomena beyond Earth’s atmosphere.
Key topics include gravitational waves, black holes, and
numerical simulations.

¢ Cosmology: Cosmology explores the origin, evolution,
and structure of the universe. Important concepts
include dark matter, dark energy, and cosmic microwave
background radiation (CMBR).

e Computer Methods: Computer methods in physics
often involve simulations. These methods allow for the
modeling of physical systems in a virtual environment.

e Atomic & Molecular Physics: Atomic and molecular
physics studies the behavior of atoms and molecules.
This includes their interaction with light and their role
in various processes like chemical reactions.

 High Energy Physics: High-energy physics focuses
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on the study of fundamental particles and forces. This
includes particle accelerators and the exploration of
quantum fields.

¢ Mathematics: Mathematics in physics plays a crucial
role, especially in areas like quantum gravity. It involves
scalar metrics, tensor gradation, and rank-n quantum
theories (Figure 1).

Results with Mathematical Derivations,
as well as Discussions and Experimental
Validations

Results: Logical approach having Quantum Gravity

general analysis with idea of g, \P>, where 8. =
gravity metrix; ¥ = wavefunction quanta was considered
first. Another way was to use the metric tensor (gw} as a
quantum field. The wavefunction (¥) of the gravitational
field can be expressed as a functional of the metric tensor:
‘P[gw]. This wavefunction describes the probabilistic
distribution of different metric configurations. Quantization
of the rank tensors applying the principles of QFT
(quantum field theory) [49] to the operator metric tensor,
treating it as an operator with associated creation and
annihilation operators to give equation metric relationship:

S = Jd3k(aﬂv (k)eik‘x + aj,v (k)e’ik‘x) ) a,, (k)
and da), (k)are the annihilation and creation operators,
respectively. The wavefunctionality of the metric field is

where

extended to account for tensor gradation: ‘P[g,,,,,z...%) } .
This wavefunction describes the quantum states of the metric
field with varying tensor ranks, providing a comprehensive
framework for spacetime quantization. However, this simple
approach, even with Schwarzschild-like metric wasn’t enough
to quantify quantum gravity. One of the reasons addresses the
question of domains. Dimensions, coordinates, and the units
problem underlining spacetime maybe a result of: (i) mixing
of the spatial temporal domains; (ii) fixing of the metrics
equations with c?dt? to force-fit matching units, requiring
to have constant speed of light criteria. Besides questioning
of the units as well as unitarization like the c? =1 and other
constants like h/c taken as 1, incorporation of units with
appropriate dimensions have posed unresolved problem
to accommodate quantum with general relativity, apart
from other aspects. Hence, the author had novel approach
to solution by converting everything parametrically to one
domain, for example, onto time domain by operator calculus
algebra with general transforms, formalism of which had
been already presented on many peer-reviewed publications
[33-43]. This resulted eventually to the approach of Rank-n
tensor time PHYSICS [41]. The concept of wavefunctionality
is extended to the metric field, where the wavefunction
describes probabilistic distribution of metric configurations.
This framework provides a natural way to incorporate
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quantum fluctuations of the metric, leading to a more
comprehensive understanding of spacetime dynamics.

The author has previous results with concept that
the universe operates akin to a “black box,” as revealed by
the graphical general transform equation, where inverse
transform giving four-vector time matrix interactively
coupling commutes with gravity matrix analogous to
Schwarzschild metrics. The following methodologies resolve
problems using techniques, such as: (i) Metrics guiding time
tensor collapse interactively coupled to the gravitational
gradient, with their own stochastic metrics determining the
scalar spacetime event matrix. (ii) For example, front-loading
“quantum foam” time tensor wavefunctions which works
physically interactively mathematical equivalent to curl (iii)
and couple with the gravitational “vacuum bath” gradient,
acting back in time event matrix sequences. (iv) Metrics
gauging both create ongoing present situational states.
These aspects appear in recent peer-reviewed publications
[35-43].

Expanded Gravity Time Matrix [41]

Upon density configuration, |Gw><tq| =G, having (i,
j =1, 2, 3, 4), the expanded gravity time matrix, [Gij] after
normalization with unitarization, Gij matrix is analogous to
Schwarzschild’s metrics [64]. having 4x4 format to get:

G, G, G5 G,
Gy Gy Gy Gy
Gy, G, Gy Gy
G, G, G, Gy

Expanded Gravity Time Matrix: Upon density configuration,
(|Gw><tq| = Gm}), with (i,j =0, 1, 2, 3), the expanded gravity
time matrix ([Gij]) after normalization and unitarization is
analogous to Schwarzschild’s metrics in a 4x4 format:

GOO GOI G 2 G

o
[G..:|= G, G, G,
! Gy G, G,
G

2
G3 0 G3 1

=)
@

13

3

QaQ

32 3

This matrix represents the expansion from a 2x2 matrix
of the form having Helmholtz’s fields of zero-point and

microblackhole | Sr.ev Egv , which is point PHYSICS with
Iyer R, etal. [33]\ &,,, €

The author Iyer R [40,41,43] has rationalized elsewhere
as to why Rank2 matrix time needs extension to Rank4
tensor time to achieve unified theory that can consistently
describe all the physical interactions with domains, from the
quantum to the cosmic scale, and from the microscopic to
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the macroscopic level that current theories of physics, such
as quantum mechanics, general relativity, and the standard
model of particle physics will have to be advanced to novel
general formalism based on a rank-4 tensor time matrix
abstracting informational observables in various domains
of reality having translational coordinates translated to time
domain {t(x), t(y), t (z)} and a rotational coordinate {t (8)}

Open Access Journal of Astronomy

may thus constitute Rank 4 tensor, txyze, generally written
as: TWB with spin, rotation, revolution, and angular gauge
momentum, and provide correlative proofs to characterize
physical phenomena observables to quantify physical
quantities of stress-energy tensor, the electromagnetic
tensor, as well as the Riemann curvature tensor (Figure 2)
[43].

Figure 2: Physics Literature analogy metrics [41,43].

Proof of the concept Rank-4 Tensor Time
Matrix [41,43]

¢ Rank-4 tensor time,
oS 0*H
T;zvaﬂ = gyvaﬂ W = gyvaﬂ m

X 0Xx Ox 0X p;[ pv pa p/}

(0]

¢ Manipulating,

Iyer R. Scalar Metrics Tensor Gradation Rank-n Quantum Gravity Physics. Open ] of Astro 2025,

3(1): 000155.

, s &H
ael ot ox ox ox” p,.0p,0p,0p,

uvap

-1
S= { Coves | Ty OX*0x” Ox* 0x” }
e Hence: Action, '[ [ g ﬂJ

-1
i 3 H= .[{':g,uvaﬁ] Tyvaﬂ ap#apvapaapﬂ}
¢ Hamiltonian,
where p: momentum; x’s are the space-time coordinates;

{#, v, o, B} = 0,1,2,3; and the metric 8, CONVErts action

Copyright®© lyer R.
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derivative to appropriate domain of time [41,43].

L d A
Since, lhz|ly> = H|¥) [https://en.wikipedia.
org/wiki/Schr%C3%B6dinger_equation] to get the
L d /s
equation: ’hij(”’t) _ﬁv () +V (r)¥ ()
The momentum-space counterpart involves the Fourier
transforms of the wave function and the potential:

ZhE‘P(p,t):—é?—m‘P(p,t)+(2irh) P dpv(p-p)¥(p.e)

The functions ¥(?) and ‘?(Pat) are derived from
|qj(t)> by ¥ (7.1) < | (1)), ‘P(Pa’):<P|‘P(t)> where |7)
and |P> do not belong to the Hilbert space itself but have

well-defined of inner products with all elements of that
space.

Our results indicate that the immediate past metrics
affecting time wavefunctions differ significantly from those
affecting gravitational gradients. The gravitational gradient
curling tensor time depends on the immediate future of the
action that generated the time wavefunction, transforming it
into a scalar spacetime event that advances the timeline. This
separation of metrics allows for the empirical prediction of
future time events. Schrodinger equation, which had been
shown above, the momentum-space counterpart involves the
Fourier transforms of the wave function and the potential.

Matching Tensor Ranks [41,43]: To match the
rank of the tensor time with that of the gravitational
gradient, we use the time matrix in a compact form
of the Kronecker delta and the Levi-Civita symbol:

Tvap = 80, 0,5,E+8, /umﬂ L+8,0,,0,,P+g56,50,,S ,
where E is the energy, L is the angular momentum, P is the
momentum, and S is the entropy. These four fundamental
informational observables characterize the physical
quantifiability of any system in any domain of reality. This
results in mostly rank-2 matrices, except for one rank-4
matrix, which can be related to a 4D hyperspace matrix and

then flattened using IT techniques like factorizing [41,43].

The authorlyerR [41,43] has rationalized elsewhere as to
why Rank4 matrix time needs extension to Ranké tensor time
to quantify complex phenomena that involve translational
domain {t(x), t (y), t (z)} and spherical rotations {t (), t (¢),
t(Y)} in different realities, such as quantum entanglement,
wormholes, and parallel universes; additionally, boosts,
Euler rotations, and/or chirality would be addressed. Rank
6 1.0, in Equation (6) notation /Ty 1N SUGGESTIVE physics
notation may be written as: T ort The rank-6 tensor

. . abcdef ) abcdef” .
time matrix can be used to describe the transformations of
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rotational parameters in different domains of reality, such as:

¢ Quantum Space: the domain of reality where space fields
conceal time, and quantum entanglement phenomena
reveal the nonlocality of time probability aspects;

¢ Mesoscopic Environment: the domain of reality where
time coexists with entropic matter space fields, and
neutrino oscillations and gravitational lensing indicate
the influence of cosmic gravity;

¢ Astrophysical Field: the domain of reality where time
is curved with space sense containment extending to
infinite vacuum, and Hawking radiation reflects the
quantum as well as thermal effects of black holes with
the causality of negative energy.

The rank-6 tensor time matrix was written as [41,43]:

D %, a¢k a!//m 8;(,1 where 0, ¢, ¢ , and y_ are

the Euler anﬁérs g6 ro‘%ﬁtl(ﬁ{pm the i-th, k th, m-th, and n-th
domain of reality, respectively, and t, 6, and t are the
time coordinates in the j-th, l-th, n- th and p-th domaln of
reality, respectively; metric 8ijamn CONVeETts angular velocity to
appropriate time domain. A rank-6 tensor time matrix has 64
components, corresponding to the 64 possible combinations
of the six indices i, j, k, |, m, and n. These equations represent
the “black box” universe, where the rank-6 tensor time matrix
is the key to unlock the secrets of reality [41,43]. We can
manipulate this to obtain the scalarized form by integrating
over the appropriate variables to convert to parameter of

action S(gla ¢k’l//m’ and /‘{n) = J.[gijklmn] ijklmn at at at at

Having Euler angles expressed as a function of time
R.H.S. can be evaluated to proceed to equivalent Kronecker
delta Levi Civita form and then use flattening matrix
factorization obtaining gaging rank of a rank-6 tensor time
matrix to minimum number of rank-1 tensors written as
the outer product of six vectors, one for each index like
(1, ®u, ®uy ®u, ®u; ®u;) with components, for example,
like (1, ®u, ®u, ®u, @u; Oug )[/,M”m
u,u,, Uy, Uy, Us, Ug are vectors (that can be added together to
obtain the given tensor) [41,43].

= Uy, Uy Uy Uy U, U, Where

Applying this technique, we can obtain quantum

domain space rank-6 tensor time factorizing:
Lo =1, @, 1, @1, @1, @1, in vector time multiplicate. We
will apply these techniques repeatedly achieving formalisms

scalarizing time and the gravity metrics.

Results of Mathematical Physics Derivations

Scalarizing Time: After flattening of tensor to vector

operator like-time matrix equates:
P =1 ®L®L O, ®L, ®f, :<t:‘,[q]{l,2,3,4,5,6}

ijkimn

multiplicative  vectors. Sense-fields-effect mesoscopic

Copyright®© lyer R.
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coupling with gravitational gradient ‘Gw> will generate
gravitational fields wavefunction, €S‘éw>=|q1€ g> to
energize giving momentum interactively to density time
gravity Schwarzchild-like expanded Matrix, |Gw><tq| =G,
having (i,j =1, 2, 3, 4) producing <fq |€S \Gw = <Zq ||\{/€g> =tqg,
having t = scalar time; “qg” representing quantum gravity.
Thus, scalarizing tensor time with matrix factorization
mechanism-like magic square prime factorizing vacuum
(earlier publication) absolute matrix to originate gravity-
time matrix is possible.

We can generalize metrics technique applied to scalarize
time to gravity-time metrics. Achieving that will involve
the following sequences: Rank 6-time metrics, written

in the general form like T GA,].,{,W is matrix factorizable to

Rank 1 time metrics of the kind ’Gq “bra” matrix that has
capability to have interactive coupling with gravity gradient,

| ‘ Gw> “ket” matrix, similar to what was shown earlier with
Schwarzschild-like metrics analogue, to obtain configuration
of density matrix quantification gravity-time, | & GAWJ ,thatis
written to be: Lg’éﬂv :J géwg ’Gq ,whereby {u,v}=0,1,2,3;
this matrix will have a fully Euclidean type expanded matrix

Goo G01 Goz G03 Goo GOx Go v GOz

GIO Gll GI2 G]3 _ GxO G G G

xx Xy Xz
G20 G2 1 G22 G23 G 0 G X G W Gyz
of the form [ Gy Gy Gy, Gy G, G, G:y G.

which represents expansion from 2x2 matrix with zero
point or origin in the matrices as G, then Cartesian
coordinates (x, y, z) so that whole matrix has {y, v} = 0, x,
y, Z to account for 4D type space time gravity; note that
can represent time to spatial coordinate with Minkowski
spacetime which becomes like Schwarzschild metrics {c2dt?}

2
ds* =—=¢* (1— ZCGziljdtz +1_éﬁ+ P (d6’2 +sin’ 9d¢2)
r

, Schwarzschild K [64], Einstein A [19,20] discussed more
below.

In the 2x2 reduced matrix form it conforms consistently
with Iyer R, et al. [32] point PHYSICS Helmholtz [31]
decomposition 2x2 matrix fields, discussed earlier:

&, € )quantifying zero point and
microblackhole, which is like a point singularity within the
Schwarzschild metrics above, demonstrating quantifying
power characterizing compact astrophysical domain

temporal spatial fields that has gravity-time incorporated,
extended beyond Loop Quantum Gravity Theory [63].

A Apv
_| S &
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Above 4x4 matrix, [thw] = ‘ gGw><th ‘ is mesoscopic
representation intermediary between astrophysical and
quantum spacetime of the universe. We can think compactly
in terms of schematics: Gravity metrics with time metrics will
proceed to determine future event matrix, having algorithm
quantifiable foregoing PHYSICS stochastically moving
progressively. Similar to explanations within Introduction
section on physics literature, we can utilize tensor rank
gradation by matrix factorization to convert higher rank like
ranké to rank1 vector or even to rankO scalar parameters,
formalizing like techniques enunciated below, summarizing
gist with schematics results, showing how rank of tensor is
critical to define different domains of reality.

Quantum domain space rank-6 tensor time =
1, ®1,®t, ®1, ®1, ®1, like monopoles

Mesoscopic environment spacetime = [oscillation]{rank4,
rank2] gravity-time metrics

Astrophysical domain temporal spatial fields = rank2 G,=
|Gw><tq]|| like gravitons

Graphically this may have Plotting Schematics like:

Rank factorizing

Quantum domain space rank-6 tensor time =4, @ t, @t @ t, @tz @ tg like rrmiopbﬂes

|
Rank || Mesoscopie emironment spacetime = [oscillation]frani, rani2] graviy-time metrics
|

Astrophysical domain temporal spatial fields = rank? Gy=|Gw><td| like gravitons

f

| factorizing

Figure 3: Schematic graphical representation of Rank
Factorizing Domains of Reality [Rank of matrix]{scalar(0),
vector(1), tensor(>1)} quanta fields operator.

o

shows how the different domains of reality can be
represented quantitatively schematically to show rank
gradation with astrophysical domain representation
possibly with rank 2 temporal spatial fields like
Schwarzschild metrics. When we proceed to mesoscopic
environment, we require oscillatory gravity-time
metrics between rank4 and rank 2 spacetime which
is like Kronecker delta and the Levi-Civita symbol:
Tvep = 860,00 E+ 81 €,0p L+800,,0,,P +856,,0,,8 y
discussed above having mixed ranks of 2 and 4, capable of
incorporating energy, momentum, angular momentum and
entropy aspects that are typical of material-environment
mesoscopic systems (Figure 3). Applying transformation
with Euclidean to Riemann geometry, like indicated by the
SCHEMATIC PHYSICS below, we can effectively convert
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rank4, for example, e_pvaf to the rank2 equivalent. However,
quantum regime requires much higher rank, i.e. ranké6 tensor
since entities are essentially stripped to elemental form,
causing field polarization, for example, polarization with
vacuum energy. Essentially this will reflect onto geometric
effect having eigen translational and rotational directions
pulled-out or dissociated like algebra form, possibly non-
Abelian or multi-directional dimensional aspects evolving to
models of the String theoretic extra-dimensionality.

Using the above tensor rank factorization techniques,
these tensors may be converted to rank1 vectors, which are
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possibly scalarized like above time metrics.

Overall physics graphically schematically shown
elsewhere [41,43] is brought to attention here to get picture
how origin of universe from “quagmire” noisy superluminal
phase, that will have only imaginary spacetime, unobservable
dark matter energy form having only wavefunctions that are
like rank®6 tensors or only random sense fields. These aspects
will be considered more in the subsequent publications.
Here, only schematics will be given below to illustrate that
(Figure 4).

tensor Riemann versus Euclidean topology.

Figure 4: Schematic Physics showing superluminal phase invariant geometry evolving entities metrics scalarized ranké time

Referring to simplified schematics explaining physics
picture-wise above, the following aspects may highlight key
points, taking away to proceed to better understanding that.

Point “Singularity” and Faster than Light Superluminal
“Quagmire” Related to Tensors: Transverse waves curled up
from longitudinal waves get activated by random distortions
of superluminal “quagmire” to generate zero-point-
microblackhole Calibu-Yau 6-fold brane string theory like
manifolds. With true and false vacuum creations, sufficient
energy will be available to activate Hod-PDP mechanism
originating particle spectra. Vacuum interphase having
light mediating popup subluminal phase particle to matter
energy signals with evaporation process stabilizing real
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matter universe will also have condensation process matter
to entropy symmetry. Schematic flowchart picturing rank-n
tensor expanding and collapsing to more stable rank2 4x4
matrix form mesoscopic scale have been sketched to depict
quantum, mesoscopic, astrophysical levels. References listed
below with the author’s earlier publications also having
more references explain in detail these aspects further.

The faster than light speed maybe happening primarily
with higher rank tensors at quantum level wavefunction
occurring at superluminal phase with phenomena of
entanglement superposition processes making instantaneity
till wavefunction becomes collapsed to equivalent scalar
parametric metric fields.
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Gradation of tensors’ rank provide through sense-given
domains of reality within existential spatial temporal gauge
fields having going up the rank in the quantum level, while
mesoscopic to astrophysical levels, the rank goes towards
scalar observables. They will have consonance with Table
of Realities within advanced Discontinuum PHYSICS [71],
where gradation scales argumentation deeply logically
considered having specific numbers. Here, mathematical
algebra with matrix metrics have been quantitatively
algorithmized tensors to scalars, with questions regarding
measurements, physics having dark matter energy, quantum
superpositions entanglements, mesoscopic existence, point
singularities, blackhole, exotic systems, physics proposing
multiverse, higher dimensional strings, M-theory with branes
[72], wormholes, superluminal communication, operator
universal matrix simulation “mind over matter” alternate
universes or multiverse only touched perhaps to hint that
these are developable from these formalisms, that will be
the subject of further enquiry. Here, gravity-time interactive
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coupling aspects will be quantified further analyzed below to
advance formalism towards unified PHYSICS with discretized
spacetime having quantum ensembles, pointing M-branes
oscillations of gravity-time, following literature enumerated
earlier in Introduction of this paper.

We will proceed now to incorporate gravity into time
metrics, like analysis extended to scalarize gravity gradient
metrics to rankl, noting General Relativity principle of
stress-tensor that quantifies mass tensor, discussed more
below. Before advancing scalarization of gravity gradient, the
following will have to be considered specifically contrasting
with time metrics scalarization technique.

Literature Discussion Highlighting Key Aspects to
Consider below: Einstein’s Field Equations describe
the gravitational interaction in terms of the curvature of
spacetime [20,64]. They are given by (Figure 5):

-

11111l
Il
1000888

Figure 5: Physics Literature General Relativity Field Equations schematic geometry.

BYJus

1880

G, =R, —%gwR, where: G the Einstein spacetime
curvature tensor combines R, the Ricci tensor which gives
curvature of spacetime on a pseudo-Riemannian manifold
[20], guv metric tensor, and R, scalar Ricci curvature. Ag}LV
is the curvature spacetime cosmological constant; G is the
Einstein gravitational constant; T y isthe stress-energy tensor,
describing the distribution of local energy, momentum,
and stress; and then c is the speed of light in vacuum. The
Schwarzschild’s metric, describing gravitational field outside
a spherically symmetric mass, such as non-rotating black
hole is given by having Ricci-flat spacetime, R,= 0 (vacuum),
written in calculus form:

2_ 2 _ZGM 2 dr’? 2 2 a2 2
ds® =—c (1 ~ jdt +1_2GM+r (a0 +sin’ 0d g’ )
czr

where: s is spatial distance (distance from the center of a
massive object, like a black hole or massive star); t is time
coordinate (observer experienced time far away from the
massive object, asymptotically flat region; for an observer at
rest relative to the massive object, t is proper time measured
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by a clock at that location); M is mass of the central object; c
is speed of light in vacuum; r is radial coordinate; {6, ¢} are
angular coordinates; also, ds is spacetime distance; and dr is
spatial distance. The author will refer to Standard PHYSICS
text on General Relativity to get in-depth knowledge with
extensive literature.

Gradation of Time Tensor: Ranké6 to rank1 vector spacetime
- General Relativity PHYSICS rank1 vector spacetime-like to
rank6 time tensor - Quantum Relativity PHYSICS Metrics
that affect time wavefunctions by Hamiltonian (action) via
Ranké6 time tensor per algorithm immediate past is different
from metrics that affect gravitational gradient, since gravity
is more localized phenomena stemming out of curvature of
spacetime to produce unidirectional effect (these aspects
will be considered more in detail at later publications).
Hence, gravitational gradient that curls tensor time will
depend on immediate future of the action that generated
time wavefunction to make it scalar spacetime event to
advance timeline. Prediction of the future events will then
be highly complex, particularly metrics that decide tensor
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time wavefunction vary from metrics operating gravitational
gradient. These scenarios are based on interpreting
algorithmic equations developed by my ongoing rank-n
tensor time conjectures. By making the separation of the
two metrics, assumed to vary independently much like
separation of the space and time for solution of quantum
wavefunction solutions, empirical prediction of future time
event matrix is possible. Applying data statistics of possible
time event matric states, extreme value statistical projection
as well as expectation value may help to determine event
path “timeloop” and/or trajectory of most possible states
of time event sequential matrix ongoing. Because of the
statistical nature of quantum probabilistic wavefunctions,
metric stochastics would be key to predictive determinant.
These points will elaborate at later publications. Here, in this
paper it suffices to mention contrast. A formalism that will
help to scalarize gravity to enable measurable observables
will be advanced below ensuring quantum ensemb]es.

Scalarizing Gravity: Like scalarizing tensor time, mass

tensor <mw‘, that is like stress-tensor with General
Relativity interacts with gravitational fields wavefunction
|‘I’€g> to produce (m,|¥,)=m,,, having m = scalar
mass; “wg” will represent weight with gravity. Hence, mwg
will be gravitational mass, while m—W = inertial mass
from factorization of tensor mass energy like mass matrix
Froger =E®E®ﬁ3®@:<ﬁw , where {w} = 1, 2, 3, 4
representative of like foregoing analysis with a 4D toroidal
space to Euclidean Cartesian coordinates. Mass tensor 7,
will be like the General Relativity stress-energy tensor T,
describing distributions - local energy, momentum, and
stress to create gravitational interaction in terms of the
curvature of spacetime.

Mathematics

Interactively Coupling Gravity-Time Metrics to
Determine Action Lagrange in General

Scalar time and scalar gravity will produce classical
scalar equation of motion under gravitational fields with
Lagrangian of action S = [L dt, having L = f (mwg, te R), with R
=scalar 4D toroidal hyperspace coupling interactively linking
with scalar gravitational mass mwg and scalar quantum
gravity time tqg operator with gravitational fields.We will
also illustrate how this TENSOR PHYSICS modified Quantum
Gravity will show application to the Action Lagrange reducing
to Classical PHYSICS mensuration. Equivalence principle that
archetypes General Relativity is self-evident in these simple
derivations that provide the proof conjectures utilized to
develop these formalisms, from first principle of the logic
underpinning mathematical physical sciences philosophies
[43,64].
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Example Problem Solving Calculations:
Scalarized Quantum Gravity Classical Physics
General Lagrange Equation of Motion in Gravity
Mathematical Physics

Simple Classical Physics Lagrange Equation of Motion
in Gravity by Applying Quantum Gravity METRICS -
Exemplifying:

Action Lagrange Energy, L= f (mwg, tqg, R)........
Quantum Gravity Gage Metrics having R = scalar 4D toroidal
hyperspace coupling interactively linking with scalar
gravitational mass mwg and scalar quantum gravity time tqg
operator with gravitational fields.

With classical physics L =p?/2m - PE.,, where momentum,
p = mv with m = classical scalar mass; v = scalar classical
velocity; hence, %2 m v? Kinetic Energy (K.E.) and Potential
Energy (PE.) = m g h in gravity, where h = height against
gravitational pull - h = x in general.

Writing in  the differential equation form:
L= L(m,t,Rx) = ‘/zm(dx/dt)2 —-mgx;m# f(x,t); t = classical
scalar time.
e We can get force,

F=(0L/ax) =/ &x)[ Y m(dx/ dr)} —m g x | =Yom?2(dx/ dr)[ 2/ ax(dx  di) |- mg

o If F =ma=md*x/dt*, after equating
RHS. of F and manipulating, we can get:

md’x/dt* = m(dx/dt)[0/ox(dx/dt)|-mg.  pence,

d’x/di’* =(dx/dt)[ 0/ ox(dx/dt)]-g , which on writing
in velocity terms, (dv/dt)= v(ov/ox)-g

e We know that: @v=(0v/dt)dt+(0v/dx)dx; therefore,
(dv/dx) = (6v/6t)(dt/dx)+(8v/8x)

¢ Rewriting identity to obtain:

(ov/ox)=[(dv/dx)—{(ev/or)(dt/ dx)} ]

¢ Substituting this onto velocity terms, we achieve:

that, (dv/dt)=v(ov/ox)-g=v[(dv/dx)—{(ov/at)(dt/dx)}]|-g

o+ Resulting, (dv/di)-v[(dv/dx)—{(ov/or)(di/dx)}]+g=0; in
classical physics, we can write

e If lim(Ar —> 0)(AS/At)=L—0, and
{(v/ot)(dt/dx)} =(dv/dx)satisfied especially with x
= f(t), where S = Lagrange action = [L dt, then (dv/dt) =
-g; acceleration, a = -g or a + g = 0 which is Equivalence
Principle scalar classical physics, with equation of motion
in gravity direction event. We will analyze subsequently
in later publications that it will be applicable to simple
pendulum harmonic motion equations.

Experimental Validations

To validate the theoretical framework presented,
we propose the following experimental approaches
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[1,4,5,17,21,65,72].

High Energy Physics

High-Energy Particle Collisions: Conduct experiments
using particle accelerators, such as the Large Hadron Collider
(LHC), to observe the behavior of particles at extremely high
energies. These experiments can provide insights into the
interactions described by the rank-6 tensor time matrices
and their scalarized forms.

Quantum Theory

Quantum Entanglement Experiments: Perform quantum
entanglementexperimentstotestthepredictionsofsuperluminal
phase transitions and entanglement superposition processes.
These experiments can help verify the theoretical predictions
of faster-than-light phenomena at the quantum level.

Astrophysics

¢ Gravitational Wave Observations: Utilize data from
gravitational wave detectors, such as LIGO and Virgo, to
study the effects of gravitational waves on spacetime. By
analyzing the waveforms, we can infer the presence of
higher-rank tensors and their influence on spacetime
curvature.

e Astrophysical Observations: Observe astrophysical
phenomena, such as black holes and neutron stars,
to study the effects of extreme gravitational fields on
spacetime [1,21]. These observations can provide
empirical data to support the theoretical models of
scalarized gravity and time tensors.

Computational Simulation

Laboratory Simulations: Develop laboratory simulations
using advanced computational techniques to model the
behavior of rank-6 tensors and their interactions with
gravitational fields. These simulations can help visualize the
theoretical concepts and predict experimental outcomes.

Experimental Implications with this Approach

The tensor gradation approach within a metric wavefunction
framework has several experimental implications that could
be explored to test its validity and uncover new insights into
quantum gravity. Here are some key experimental implications:

Astrophysics

Gravitational Wave Detections: Quantum Signatures
in Gravitational Waves: Next-generation gravitational
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wave detectors, such as the Einstein Telescope and Cosmic
Explorer, could potentially detect quantum gravitational
signatures. These detectors might observe deviations from
classical predictions, indicating the presence of quantum
effects in gravitational waves.

Primordial Gravitational Waves: The approach could
provide new predictions for the power spectrum of
primordial gravitational waves, which can be tested through
B-mode polarization measurements of the Cosmic Microwave
Background (CMB).

Gravity-Mediated Entanglement

Photon Experiments: Recentexperiments have demonstrated
gravity-mediated entanglement using photons, where the
gravitational field’s effect on quantum particles is mimicked.
These experiments showcase nonlocality, a quintessential
quantum phenomenon [5,17,21]. Similar experiments could
be designed to test the tensor gradation approach by observing
entanglement patterns predicted by the theory.

Massive Particles: Future experiments could extend these
principles to massive particles, providing a more direct test
of quantum gravity theories, including the tensor gradation
approach [25,41,60,61].

High Energy Physics

High-Energy Particle Collisions-Collider Experiments:
High-energy particle colliders, such as the Large Hadron
Collider (LHC), could be used to probe the quantum structure
of spacetime. By analyzing collision data, researchers could
look for signatures of tensor gradation and deviations from
standard model predictions [62,66].

Quantum Foam: The concept of “quantum foam” could be
tested by examining the behavior of particles at extremely
small scales, where spacetime is expected to be highly
fluctuating and discrete.
Precision Measurements

Atomic & Molecular Pahysics - Atomic Clocks
and Interferometry

Precision measurements using atomic clocks and
interferometry could detect tiny variations in spacetime
metrics predicted by the tensor gradation approach. These
experiments could reveal subtle effects of quantum gravity
on timekeeping and spatial measurements.

Casimir Effect: Experiments measuring the Casimir effect,

which arises from quantum fluctuations in the vacuum, could be
used to test predictions about the discrete nature of spacetime.
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Cosmology Cosmological Observations

Dark Energy and Dark Matter: The tensor gradation
approach could offer new insights into the nature of dark
energy and dark matter. Observations of the large-scale
structure of the universe and the behavior of galaxies could
provide indirect evidence supporting the theory.

Cosmic Microwave Background (CMB): Detailed analysis
of the CMB could reveal imprints of quantum gravitational
effects, such as anisotropies and fluctuations predicted by
the tensor gradation approach.

Conclusions

In this paper, we have explored the gradation of
time tensors from rank-6 to rank-1 vectors in spacetime,
providing a novel approach to unifying General Relativity
(GR) and Quantum Relativity (QR). By examining the metrics
that affect time wavefunctions through Hamiltonian action
as well as comparing them to those influencing gravitational
gradients, we have proposed a method for empirical
prediction of future time events. Quantum domains might
cause fields polarization to the ranké6 tensor time, while
mesoscopic environment would manifest rank mixing 2 and
4. Astrophysical regions would demonstrate a rank2 tensor,
analogous to Schwarzschild metrics.

While the tensor gradation approach shares common
goals with existing quantum gravity theories, such as the
quantization of spacetime and the unification of general
relativity and quantum mechanics, it offers unique insights
through the gradation of rank tensors and the concept of
metric wavefunctionality. These features provide a fresh
perspective on the discrete structure of spacetime and the
nature of gravitational interactions at the quantum level
[28,52,59,74].

Tensor gradation approach within a metric wavefunction
framework shares many conceptual similarities with
emergent spacetime theories. Both of these perspectives
would in general emphasize further the non-fundamental
quantized nature of spacetime and gravity, proposing that
these arise from deeper quantum phenomena. By exploring
the gradation of tensors and the probabilistic nature of
metric fields, the current approach provides a novel and
complementary perspective on the emergence of spacetime
with having quantum ensembles.

Our results demonstrate that scalarizing tensor time and
gravity through matrix factorization mechanisms can lead to
the formation of a gravity-time matrix. This process involves
the interactive sense-fields-effect mesoscopic coupling
with gravitational gradients, generating gravitational fields
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wavefunctions. The scalarizations of tensor time and mass
provides a framework for understanding the classical
scalar equation of motion under gravitational fields, linking
scalar gravitational mass and scalar quantum gravity time
operators with gravitational fields.

We have also discussed the implications of Einstein’s
Field Equations and the Schwarzschild metrics to explain
the gravitational interaction in terms of spacetime
curvature. The proposed many experimental approaches,
including high-energy particle collisions, gravitational
wave observations, quantum entanglement experiments,
astrophysical observations, and laboratory simulations,
aim to validate the theoretical framework of rank tensor
gradation and metric wavefunctionality. The experimental
implications of the tensor gradation approach are vast and
varied, spanning gravitational wave detection, quantum
entanglement experiments, high-energy particle collisions,
precision measurements, and cosmological observations. By
designing as well as conducting experiments in these areas,
researchers can test the predictions of the tensor gradation
approach and potentially uncover new aspects of quantum
gravity.

The implications of tensor gradation extend far beyond
theoretical physics, potentially influencing a wide range of
scientific and technological fields. By providing a deeper
understanding of the quantum structure of spacetime, tensor
gradation could lead to significant advancements in quantum
computing, cosmology, particle physics, metrology, and more.
As research in this area progresses, we can expect to see
new applications and innovations that leverage the unique
properties of quantized spacetime. By combining these
theoretical insights with experimental validation, we hope
to provide a deeper understanding of quantum gravity and
its implications for spacetime. This work lays the foundation
for future research in the field, potentially leading to new
discoveries and advancements in our understanding of the
universe.

Gradation of Time Tensors: The paper explores the
transition of time tensors from rank-6 to rank-1 vectors,
aiming to bridge General Relativity (GR) and Quantum
Relativity (QR).

Metric Differences: It highlights the differences between
metrics affecting time wavefunctions via Hamiltonian action
and those influencing gravitational gradients.

Scalarization Process: The process of scalarizing tensor
time and gravity through matrix factorization mechanisms
is detailed, leading to the formation of a gravity-time matrix.
Gravitational Fields Wavefunction: The interaction of
sense-fields-effect mesoscopic coupling with gravitational
gradients generates gravitational fields wavefunctions.
Classical Scalar Equation of Motion: The scalarization
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of tensor time and mass provides a framework for
understanding the classical scalar equation of motion under
gravitational fields.

Einstein’s Field Equations: The paper discusses the
implications of Einstein’s Field Equations and the
Schwarzschild metric in describing gravitational interactions
in terms of spacetime curvature [19,20,64].

Experimental Validation: Proposed experimental
approaches include high-energy particle collisions,
gravitational wave observations, quantum entanglement
experiments, astrophysical observations, and laboratory
simulations to validate the theoretical framework.

Future Research: The work lays the foundation for future
research in quantum gravity, potentially leading to new
discoveries and advancements in our understanding of the
universe.

Potential Applications of this Research

The research on quantum gravity and rank tensor
gradation has several potential applications across various
fields of physics and beyond. Here are some key areas where
this research could have a significant impact:

Fundamental Physics:
¢ Unification of Forces: This research could contribute

to the unification of the fundamental forces of nature,

providing a deeper understanding of how gravity
interacts with quantum mechanics [25,26,46,53,72,75].

¢ Quantum Field Theory: Insights from this study
could enhance quantum field theories, particularly in
understanding the behavior of particles and fields at
extremely high energies [25,26,46,53,72,75].

Cosmology and Astrophysics:

e Black Hole Physics: The findings could improve our
understanding of black holes, including their formation,
evolution, and the nature of singularities [44,52].

e Early Universe: This research might offer new
perspectives on the conditions of the early universe,
potentially explaining phenomena like cosmic inflation
and the Big Bang [48,57,68].

Gravitational Wave Astronomy:

¢ Detection and Analysis: Enhanced models of spacetime
curvature and gravitational interactions could improve
the detection and analysis of gravitational waves,
leading to more precise measurements of cosmic events
[1,18,21,60,63].

Quantum Computing:

¢ Algorithm Development: The mathematical frameworks
and tensor manipulations developed in this research
could inspire new algorithms for quantum computing,
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particularly in simulating complex quantum systems [50].

Material Science:

High-Energy Materials: Understanding the interactions
at quantum and gravitational levels could lead to the
development of new materials that can withstand
extreme conditions, such as those found in space or
high-energy physics experiments [56].

Theoretical and Mathematical Physics:

Advanced Models: The research provides a foundation
for developing advanced theoretical models that can be
used to explore new physical phenomena and validate
existing theories [5,8,10,14,29,57-60,62,67].
Mathematical Techniques: The tensor manipulation
and factorization techniques could be applied to other
areas of mathematical physics, enhancing computational
methods and analytical tools.

Space Exploration:

Navigation and Propulsion: Insights into spacetime
and gravitational interactions could lead to new
methods for space navigation and propulsion,
potentially enabling faster-than-light travel or more
efficient space missions.

Technology and Engineering:

Precision Instruments: The principles derived from
this research could be used to design highly precise
instruments for measuring gravitational fields, time
dilation, and other relativistic effects.

Potential Applications Across Listing Fields
beyond of Physics

Fundamental Physics:

Unification of Theories: This research could help
bridge the gap between General Relativity and Quantum
Mechanics, leading to a unified theory of quantum
gravity [48,57,68].

Understanding Black Holes: Insights into the behavior
of rank-6 tensors and their scalarized forms can
improve our understanding of black hole dynamics and
singularities.

Cosmology:

Early Universe: Theoretical models developed from
this research could provide new perspectives on the
conditions of the early universe, including the Big Bang
and cosmic inflation [47,56,67].
DarkMatterandDarkEnergy:Exploringtheinteractions
of higher-rank tensors might offer explanations for dark
matter and dark energy phenomena.
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Astrophysics:

e Gravitational Waves: Enhanced models of spacetime
curvature and tensor interactions can refine our
understanding of gravitational wave sources and their
properties.

¢ Neutron Stars: The study of extreme gravitational fields
around neutron stars could benefit from the scalarized
gravity models proposed in this research.

Quantum Computing:

¢ Quantum Algorithms: The mathematical frameworks
and tensor manipulations could inspire new quantum
algorithms and computational techniques.

¢ Simulation of Quantum Systems: Advanced simulations
of quantum systems using rank-6 tensors could lead to
breakthroughs in quantum computing capabilities.

Material Science:

¢ Condensed Matter Physics: The principles of tensor
gradation and wavefunctionality might be applied to
study complex materials and phase transitions at the
quantum level.

¢ Nanotechnology: Understanding the interactions at the
quantum scale can aid in the development of nanoscale
devices and materials.

Theoretical and Mathematical Physics:
e Higher-Dimensional Theories: The research could
contribute to the development of higher-dimensional .

¢ Mathematical Models: New mathematical models and
techniques derived from tensor gradation can be applied
to various problems in theoretical physics.

Technology and Engineering:

¢ Advanced Sensors: Insights from quantum gravity
research could lead to the development of highly
sensitive sensors for detecting gravitational waves and
other phenomena.

e Space Exploration: Improved understanding of
spacetime and gravitational interactions can enhance
navigation and propulsion systems for space missions.

Philosophy and Foundations of Physics:

e Nature of Reality: This research can provide deeper
insights into the nature of reality, time, and space,
influencing philosophical discussions on the foundations
of physics.

The concept of tensor gradation in quantum gravity has
several intriguing implications for practical applications
across various fields of physics and beyond. Here are some
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key areas where tensor gradation could have significant
impact:

Quantum Computing and Information Theory

Enhanced Quantum Algorithms: Tensor gradation could
lead to the development of more sophisticated quantum
algorithms that leverage the discrete structure of spacetime.
This might improve the efficiency and accuracy of quantum
computations.

Quantum Error Correction: Understanding the gradation
of tensors could help in designing better error correction
codes for quantum computers, ensuring more robust and
reliable quantum information processing.

Cosmology and Astrophysics

Early Universe Models: Tensor gradation can provide new
insights into the behavior of the early universe, particularly
during the Planck epoch where quantum gravitational effects
are significant. This could lead to more accurate models of
the Big Bang and subsequent cosmic evolution.

Black Hole Physics: The discrete nature of spacetime
suggested by tensor gradation might offer new perspectives
on black hole entropy and information paradoxes,
potentially leading to a deeper understanding of black hole
thermodynamics.

Particle Physics
High-Energy Experiments: Tensor gradation could guide
the design of experiments at particle accelerators, such as the
Large Hadron Collider (LHC), to probe the quantum structure
of spacetime. This might help in detecting new particles or
interactions predicted by quantum gravity theories.

Unification Theories: Insights from tensor gradation could
contribute to the development of grand unified theories
(GUTs) that aim to unify the fundamental forces of nature,
including gravity.

Metrology and Standards
Precision Measurements: The discrete structure of
spacetime could lead to new methods for precision
measurements of fundamental constants and quantities.
This might improve the accuracy of timekeeping, length
measurements, and other standards in metrology.

Gravitational Wave Detection: Tensor gradation could
enhance the sensitivity and resolution of gravitational wave
detectors, such as LIGO and Virgo, by providing a better
understanding of the quantum aspects of gravitational
waves.
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Technological Innovations
Advanced Materials: The principles of tensor gradation
might inspire the design of new materials with unique
properties, such as enhanced strength, flexibility, or
conductivity, by mimicking the discrete structure of
spacetime at the microscopic level.

Quantum Sensors: Developing sensors based on the discrete
nature of spacetime could lead to breakthroughs in detecting
minute changes in gravitational fields, electromagnetic
fields, or other physical phenomena.

Theoretical and Mathematical Physics
Mathematical Frameworks: Tensor gradation could
stimulate the development of new mathematical tools and
frameworks for describing complex systems, both in physics
and other disciplines. This might include advancements in
differential geometry, topology, and algebra.

Simulation and Modeling: Improved models of spacetime
quantization could enhance simulations of physical systems,
from subatomic particles to large-scale cosmic structures,
providing more accurate predictions and insights.
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