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Abstract

The background of this research focuses on the confluence of two major
theories in physics, namely quantum mechanics and general relativity, which
are very important in explaining gravity at the quantum scale and cosmology.
The purpose of this study is to investigate the relationship between quantum
gravity theory and its implications for cosmological phenomena, especially
related to singularities and enormous models of the universe. The method used
in this study is a comparative analysis of various existing theories of quantum
gravity, including string theory and quantum loop gravity, as well as a
literature review on the application of these theories in cosmology. The results
show that although various theories have been developed, there is not yet a
clear consensus on how to integrate quantum gravity into the broader
cosmological model. The study also revealed a huge gap in the experiments
that could confirm these theories, which slowed down our understanding of
gravity at the quantum scale. The conclusion of this study is the importance of
further research in experiments and theories to bring together the principles of
quantum and general relativity, which is expected to lead to a new, more
comprehensive model of cosmology and the universe.
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INTRODUCTION

Gravity is one of the four fundamental forces of the universe, which affects the structure
of space and time (Jensen et al., 2023). Newton's theory of gravity describes the force of
attraction between masses, but it cannot explain phenomena that occur on very small or very
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large scales (Wang & Huang, 2020). To understand gravitational interactions at the
microscopic scale, the theory of gravity must be combined with the principles of quantum
mechanics, which explain the behavior of subatomic particles.

Albert Einstein developed the theory of general relativity in the early 20th century, which
replaced Newton's theory of gravity in explaining the phenomena of the universe on a large
scale (Croker & Weiner, 2019). This theory describes gravity as the curvature of space-time
caused by mass and energy (Odintsov & Paul, 2023). General relativity has managed to explain
many cosmological phenomena, such as the motion of the planets, the bending of light by large
objects, and the expansion of the universe (Byrne et al., 2019). However, this theory cannot
explain phenomena on a quantum scale.

Quantum mechanics is a theory of physics that describes the behavior of particles on a
subatomic scale. This theory has succeeded in explaining various strange phenomena such as
superposition, quantum entanglement, and tunneling effects (Bhattacharya et al., 2021).
However, quantum mechanics does not include gravity in its models, which causes
incompatibility with general relativity when applied to very large or very small objects, such as
black holes or cosmic singularities.

Quantum gravity is a field of research that attempts to combine the theory of gravity with
quantum mechanics (Dong et al., 2019). The main goal of this theory is to create a consistent
framework that can explain gravity on the quantum scale (Grohs & Balantekin, 2023). Theories
that have been proposed, such as string theory, quantum gravity loop, and quantum gravity
theory, have attempted to provide an explanation for how gravity works at the microscopic
scale, but there is no clear agreement yet.

One of the main candidates for quantum gravity theory is string theory, which states that
elementary particles are not dots, but rather small vibrating "strings." This theory seeks to
explain gravity, along with three other fundamental forces, within a single mathematical
framework (Damour, 2020). While this theory offers promising insights, there are still many
technical and conceptual challenges to be solved, including its influence on the structure of the
universe and cosmological phenomena.

One of the most interesting implications of combining quantum gravity with cosmology
is to understand the singularities inside black holes and during the Big Bang (Zhang et al.,
2023). At this scale, gravity and quantum effects become very powerful and need to be
understood together (Hassan et al., 2023). The theory of quantum gravity could provide new
insights into how the universe formed, how black holes work, and how the laws of physics
apply near extreme points, which cannot yet be explained by current physical theories.

Although the theory of general relativity and quantum mechanics have provided a deep
understanding of the phenomena of the universe, these two theories have not yet been made
into a single unit (Singh et al., 2022). Limitations arise when trying to explain gravitational
interactions on the quantum scale. Gravity at the subatomic level cannot be explained by
existing theories, leaving a huge gap in our understanding of the universe.

The singularity that occurs inside a black hole and at the time of the Big Bang is one of
the phenomena that cannot be explained by existing theories (Pastén et al., 2024). At this point,
the existing laws of physics no longer work, and all parameters such as density and temperature
become infinite. This creates a need for new theories capable of bridging our knowledge of
gravity and quantum at this extreme point.

General relativity and quantum mechanics provide very different predictions about how
the universe functions at a very small or very large level (Marshman et al., 2020). Quantum
mechanics describes particles as probabilistic entities, while general relativity describes gravity
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as a field that measures the curvature of space-time. This limitation raises the big question:
how can these two theories be made into a whole whole?

String theory is one approach to combining gravity with quantum mechanics, but there is
no universal agreement on how it can explain gravity quantumically (Christodoulou et al.,
2023). In addition, string theory requires extra dimensions that have not been directly observed.
Further understanding of the implications of string theory on cosmology and quantum gravity
is needed.

Much of the current research focuses on how the concept of quantum gravity can be
applied to explain the origins of the universe, such as in the early conditions of the Big Bang
and the formation of black holes (Esteban & Salvado, 2021). Although much progress has been
made, a huge gap still exists in describing how the quantum laws interact with the laws of
gravity in a cosmological context.

Filling in these gaps is essential for achieving a more holistic understanding of the
universe (Fehre et al., 2023). Gravity and quantum mechanics are the two main pillars of
physics, and the merger of these two theories could unravel the mechanisms of the universe on
a more fundamental level (Mertens et al., 2023). This will allow us to predict the extreme
phenomena that occur in black holes and the Big Bang more accurately.

By filling this gap, we can get a deeper explanation of cosmological events such as the
formation of the structure of the universe and extreme conditions in black holes (Cotler et al.,
2020). Understanding how the laws of physics apply under these extreme conditions is
essential for enriching our insights into the origins and evolution of the universe.

In addition, research on quantum gravity is not only important for our theoretical
understanding, but it could also have a major impact on the development of future technologies
(Bajardi & Capozziello, 2023) . Concepts such as quantum computing and the development of
new energies could be driven by advances in quantum gravity theory, so it is crucial to
continue research in this area.

RESEARCH METHOD

The design of this research is qualitative and exploratory with a theoretical analysis
approach. The research will examine the existing literature related to the theory of quantum
gravity and its implications for cosmology, as well as compare various theoretical models
developed in theoretical physics (Krisnanda et al., 2020). This research aims to provide insight
into the potential of quantum gravity theory in explaining cosmological phenomena, such as
black holes, singularities, and early conditions of the universe.

The population in this study is scientific literature relevant to the topic of quantum
gravity and cosmology (Park et al., 2023). The sample to be used includes articles published in
leading international journals, textbooks on theoretical physics, and recent conferences on
quantum gravity, general relativity, and quantum mechanics. The samples were selected based
on their relevance and contribution to the understanding of the relationship between quantum
gravity and cosmology.

The instruments used in this study are content analysis and theoretical synthesis methods.
The content analysis process involves an in-depth examination of selected articles and
scientific publications to extract key ideas and theories (Caputa & Magan, 2019). The synthesis
method is used to compare and combine various existing theories, as well as to produce more
comprehensive conclusions about the influence of quantum gravity in cosmology. In addition,
bibliographic software will be used to manage references and ensure the validity of the
literature used.
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The research procedure begins with the collection of relevant literature regarding the
theory of quantum gravity and its implications for cosmology. The literature will be
systematically analyzed to identify key theories, their contributions to the understanding of
gravity on the quantum scale, and how they are applied in explaining cosmological phenomena
(Brown et al., 2023). After that, a comparative analysis will be carried out between the existing
models and the potential for unifying quantum mechanics theory with general relativity will be
studied (Barvinsky & Kolganov, 2024). Finally, the results of the analysis will be compiled in
the form of a theoretical synthesis that provides a clearer picture of the impact of quantum
gravity on cosmology, as well as suggesting the direction of future research.

RESULTS AND DISCUSSION

The data used in this study came from various scientific literature regarding the theory of
quantum gravity and its application in cosmology (Rajeev & Shankaranarayanan, 2023). The
following table shows the frequency of occurrence of related topics such as quantum
mechanics, quantum gravity theory, and general relativity in recent articles published in leading
journals. Data collection was carried out by selecting articles from the period 2000 to 2023.
This table also shows how much research has discussed the integration between the two major
theories.

| Topics | Number of Articles | |------- |- -| | Quantum Mechanics | 45 |
| Quantum Gravity | 38 | | General Relativity | 40 | | Integration Theory | 15 | | Quantum
Cosmology | 28 |

The data collected show that although the theory of general relativity and quantum
mechanics are widely known, the integration between the two in the context of quantum
gravity is still a limited topic (Stray et al., 2022). Only about 15 articles explicitly discuss the
merger of these two major theories. This data reflects the great difficulty in developing theories
capable of explaining cosmological phenomena such as black holes and the Big Bang at the
quantum level.

Research shows that most of the literature focuses on separate aspects of each theory.
Few have attempted to combine quantum theory of gravity with cosmology. Articles that
discuss quantum mechanics and general relativity tend to be separate, with little attempt to
address the incompatibility between the two theories (Nezami et al., 2023). The main focus is
found in the development of alternative models to explain extreme phenomena that cannot be
explained by current theories.

This suggests that despite advances in the understanding of gravity at the quantum level,
limitations still exist in creating frameworks that can integrate quantum mechanics and general
relativity. Researchers still face major challenges in developing theories capable of explaining
both sides simultaneously, leading to a more complete understanding of cosmology and
quantum gravity.

Looking at the available data, the relationship between quantum gravity theory and
cosmology is very limited. Most of the existing research is more towards the development of
quantum theory to explain the microscopic scale and relativity to explain the macroscopic scale
(Harlow & Ooguri, 2021). Few studies have attempted to bridge these two theories to explain
extreme cosmological phenomena, such as the singularity in black holes and the early
conditions of the universe. Therefore, this data shows that there is still a huge gap in
understanding the relationship between quantum gravity and cosmology.
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One interesting case study is an attempt to apply string theory in cosmology. Some
studies have used string theory to try to combine gravity with quantum mechanics and found
that this theory could explain some aspects of cosmological phenomena, such as the formation
of black holes and the origin of the universe. However, the application of this theory in the
context of quantum gravity is still very limited, and many researchers doubt the accuracy of
this theory in explaining quantum gravity as a whole.

Although string theory offers great potential in bridging the gap between quantum
mechanics and general relativity, the results obtained from this case study suggest that this
theory is not yet mature enough to be accepted as a universal solution (Carney et al., 2019).
The biggest challenge is the existence of the extra dimension required by string theory, which
has not been directly detected by experiments or observations. This shows that while this
theory is promising, there is still much that needs to be done to validate or develop further.

The relationship between the application of string theory in quantum gravity and
cosmology is far from a definitive conclusion. Some studies have suggested the possibility of
merging string theory with more traditional concepts of quantum gravity, but this
implementation is still in the early stages of development. This data shows that despite
advances in existing theories, more research and experiments are still needed to link quantum
gravity theory to existing cosmological phenomena.

The study reveals that despite various attempts to integrate quantum gravity and
cosmology, there is still a significant gap in understanding how these two major theories can be
bridged (Afrin et al., 2023). The data obtained show that although many studies focus on
separate aspects of quantum mechanics and general relativity, the integration of both in the
context of quantum gravity and its application to cosmology is very limited. Some studies have
tried to use string theory and quantum loop theory of gravity, but they have not fully explained
the cosmological phenomena involving the scale of singularity or the Big Bang.

The results of this study are in line with previous findings that highlight the great
challenge of combining quantum mechanics theory with general relativity. Other research, such
as those conducted by Penrose and Hawking, shows that singularities in general relativity lead
to uncertainty at the quantum scale (Qu et al., 2024). However, the study also shows that
despite many theoretical approaches, there is not yet a clear consensus on an approach that can
effectively explain quantum gravity in the context of cosmology. Thus, this study emphasizes
the importance of collaboration between fields to unify existing findings.

The results of this study show that we are at a crossroads in the understanding of
quantum gravity and cosmology. The limitations found indicate that existing theories may not
be sufficient to describe extreme cosmological phenomena such as black holes and the Big
Bang at the quantum level (Castellano et al., 2023). This research is an important sign that
there is still much to be explored and understood in connecting the two theories, and it signals
that major advances in physics are still needed to achieve a more holistic understanding.

The implications of the results of this study show that we need to deepen research on
quantum gravity and its application in cosmology. This leads us to the importance of
developing a theory that can bridge quantum mechanics and general relativity in a more
thorough way. The findings also open up opportunities for the creation of new cosmological
models that can more accurately describe the structure of the universe at both microscopic and
macroscopic scales. In the long term, the results of this research could lead to new discoveries
that change the basic paradigm of our understanding of the universe.

The results of this study occurred due to limitations in the development of quantum
gravity theory that can consistently explain cosmological phenomena (Yang, 2019). The
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mismatch between quantum mechanics theory and general relativity causes difficulties in
creating a model that can explain both at once. In addition, the complexity of understanding the
singularities and extreme conditions of the universe requires a new theoretical approach that
has not yet been discovered. Experimental limitations are also a factor that hinders the
development of more integrative theories.

The next step is to continue research to develop a more integrative theory of quantum
gravity and be able to blend the principles of quantum mechanics and general relativity.
Research should focus on bolder and more innovative approaches, such as experiments that
involve direct observation of extreme phenomena such as black holes or the Big Bang (Sharif
et al., 2024). Further collaboration between scientists from different disciplines, including
theoretical physics, cosmology, and mathematics, will be crucial to pushing the boundaries of
existing knowledge and finding more holistic solutions to quantum gravity challenges in
cosmology

CONCLUSION

The study found that although there have been many attempts to integrate quantum
gravity theory in cosmology, there is still a huge gap in our understanding of how the two large
theories work in extreme universes, such as black holes or the Big Bang. These findings
suggest that although theories such as string theory and loop quantum gravity have been widely
discussed, none of them can explain cosmological phenomena at the quantum scale in a
coherent and holistic way.

This research makes an important contribution in terms of thinking about quantum
gravity and its application to cosmology. The approach used to assess the relationship between
general relativity and quantum mechanics paved the way for the development of more
integrative theories. The added value of this research lies in the effort to unite two major
theories in physics that have been separated so far, and suggests the importance of developing
new experimental methods to test existing theories in the context of cosmology.

The main limitation of this study is the lack of experimental data that can confirm the
proposed theoretical models of quantum gravity. Therefore, the direction of further research
should focus on more in-depth experiments in particle physics and astrophysics to test various
hypotheses related to singularities and other extreme cosmological phenomena. Closer
collaboration between theoretical and experimental physicists will be crucial to accelerate
developments in this field.
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