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ABSTRACT

This review paper explores the nature and significance of dark matter (DM) and dark energy (DE), two
enigmatic components that together make up approximately 95% of the universe's mass and energy. While
dark matter is largely known for its gravitational effects, recent research suggests that it may also play a role
in solar and planetary phenomena, potentially influencing processes such as the 11-year solar cycle and the
heating of the solar corona. Similarly, dark energy, responsible for the accelerating expansion of the
universe, remains a subject of intense debate, with various models, including the cosmological constant and
more dynamic alternatives, under investigation. This paper discusses different candidates for DM, including
exotic objects like dark neutron stars and black holes, and examines the possibility of unified models for
both DM and DE. Additionally, it reviews alternative theories such as Modified Newtonian Dynamics
(MOND) and modified gravity, highlighting their potential to challenge existing cosmological models. The
paper concludes by emphasizing the need for further observational efforts and cross-disciplinary approaches
to advance our understanding of these cosmic phenomena.
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INTRODUCTION

The vastness of the cosmos has always fascinated us, from the twinkling of distant stars to the spirals of
galaxies millions of light-years away. Yet, hidden from our sight, there exists a mysterious and largely
invisible realm that makes up a staggering 95% of the universe’s mass and energy. This invisible universe is
composed of dark matter and dark energy, two of the most puzzling and profound phenomena in modern
physics and cosmology. Despite being invisible to our telescopes and instruments, these entities exert a
powerful influence on the universe, shaping its structure, behaviour, and even its future. Understanding
them, however, remains one of the greatest challenges in science.

The Invisible Components of the Universe

The observable universe, which consists of the stars, planets, and galaxies we can detect and study, is made
up of what we call ordinary or baryonic matter. This is the matter that interacts with light and is composed of
atoms and particles we’re familiar with. However, when scientists began looking at how galaxies and
clusters of galaxies behave, they found a troubling discrepancy: the visible matter in these objects wasn’t
enough to explain the gravitational forces required to hold them together. This led to the theorization of a
new form of matter one that does not interact with light and is therefore invisible to our current methods of
observation. This is what we call dark matter.

While dark matter was the first to be discovered, it wasn’t the only mystery lurking in the universe. In the
late 1990s, astronomers studying the light from distant supernovae made another startling observation the
universe’s expansion wasn’t slowing down as expected; it was speeding up. This acceleration suggested the
existence of another invisible force, one that was working against gravity to drive galaxies apart. This
phenomenon was named dark energy. Together, dark matter and dark energy raise profound questions about
the very structure and fate of the universe. These two phenomena make up about 95% of the universe, yet
we have yet to fully understand them.

Dark Matter: The Cosmic Glue

Dark matter plays a crucial role in the formation and structure of galaxies. One of the most compelling
pieces of evidence for dark matter comes from the study of the rotation curves of galaxies. When scientists
observe the speed at which stars orbit the centres of galaxies, they find that the outer stars are moving much
faster than expected. According to the laws of gravity, the farther away something is from the centre of a
galaxy, the slower it should move. But what we observe is that stars on the outer edges of galaxies are
moving at unexpectedly high speeds. The only way to explain this is if there is an unseen mass dark matter
providing extra gravitational pull to hold the galaxies together.

In addition to influencing the rotation of galaxies, dark matter also affects the formation of the large-scale
structure of the universe. After the Big Bang, dark matter is thought to have acted as a kind of scaffold,
clumping together in the early universe and providing the gravitational foundation needed for the formation
of galaxies and galaxy clusters. Without dark matter, the galaxies we see today might not have been able to
form, or they would have formed in a vastly different manner.

However, despite its clear influence, dark matter remains incredibly elusive. Unlike ordinary matter, it
doesn’t interact with light, meaning it doesn’t emit, absorb, or reflect electromagnetic radiation. This is why
it’s called "dark"—it simply doesn’t interact with light in the same way normal matter does. As a result,
detecting dark matter directly is a challenge. Instead, scientists must rely on indirect observations, such as
gravitational lensing, where light from distant objects is bent by the gravity of dark matter, revealing its
presence.
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Dark Energy: The Force Behind Cosmic Acceleration

While dark matter exerts gravitational pull, dark energy works in the opposite way it seems to push
everything apart. Dark energy was proposed to explain the accelerating expansion of the universe. In the
1990s, astronomers studying distant supernovae noticed something surprising: not only was the universe
expanding, but it was expanding at an increasing rate. The traditional view was that the gravitational pull of
matter would gradually slow down the expansion of the universe. But the observation that the expansion was
accelerating pointed to a force counteracting gravity dark energy.

Dark energy is thought to make up about 68% of the total energy content of the universe, making it the
dominant force shaping the universe’s future. It is theorized to be a form of energy that is intrinsic to space
itself, uniformly distributed throughout the cosmos. Unlike dark matter, which clusters around galaxies and
galaxy clusters, dark energy appears to have a constant effect across all of space, driving the expansion of
the universe on the largest scales.

The true nature of dark energy, however, is still a mystery. Some scientists believe it could be a constant
energy field, as proposed by Einstein’s cosmological constant, while others think it could be a more dynamic
field that evolves over time. Understanding dark energy is crucial for predicting the future of the universe
whether it will continue to expand forever, eventually slow down and collapse, or reach some form of
equilibrium.

The Hunt for Detection

Despite the overwhelming evidence that dark matter and dark energy exist, direct detection remains a
significant hurdle. Dark matter is especially difficult to detect because it doesn’t interact with light or any of
the fundamental forces other than gravity. Various experiments are attempting to detect dark matter particles
directly, such as underground detectors (e.g., LUX-ZEPLIN) and experiments at particle accelerators like the
Large Hadron Collider (LHC). The leading candidates for dark matter particles include Weakly Interacting
Massive Particles (WIMPs) and axions, but as of now, no conclusive evidence has been found.

Dark energy, though detected indirectly through the observation of cosmic expansion, remains even more
elusive. Its exact properties whether it’s a constant force or a dynamic field—are still unclear. Current
models of dark energy largely rely on the assumption that it is a constant force, but alternative theories, such
as modifications to Einstein’s theory of gravity, are being explored as possible explanations. The upcoming
observational missions, such as the James Webb Space Telescope, the Euclid mission by the European Space
Agency, and the Vera C. Rubin Observatory, are expected to provide more data that could help unravel the
mystery of dark energy.

The Importance of Dark Matter and Dark Energy in Cosmology

Understanding dark matter and dark energy is crucial for our broader understanding of the cosmos. These
invisible components of the universe have a profound impact on everything from the formation of galaxies
to the ultimate fate of the universe. By studying them, we can unlock answers to fundamental questions:
How did the universe evolve after the Big Bang? What will happen to the universe in the distant future?
Could there be a deeper connection between dark matter, dark energy, and other unknown forces in the
universe?

The discoveries of dark matter and dark energy have already revolutionized cosmology, and uncovering their
true nature could lead to groundbreaking advances in our understanding of physics. Whether they turn out to
be entirely new forms of matter and energy or reflections of deeper laws of nature, these two phenomena
will continue to challenge and inspire scientists for generations to come.
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LITERATURE REVIEW

Konstantin Zioutas et al., (2021). This research explores a fascinating idea: that dark matter (DM), which we
usually think only affects things through gravity, might actually help explain some strange solar and
planetary phenomena. For example, it could provide insight into the 11-year solar cycle and the heating of
the solar corona. The study suggests that DM might be focused by the Sun and its planets, influencing these
occurrences. It introduces the concept of "streaming invisible matter" as a possible cause and hints that
similar effects could be seen in exoplanetary systems as well. The paper calls for a cross-disciplinary
approach, involving fields like biomedical research, and proposes that dark matter could include particles
such as anti-quark nuggets, magnetic monopoles, and dark photons.

Palmese, Antonella; (2018). This thesis investigates how large galaxy surveys, particularly the Dark Energy
Survey, can provide insights into gravitational waves and dark matter. By analyzing galaxy properties like
redshifts and stellar masses, it identifies galaxy hosts of gravitational wave events and examines the
relationship between light and dark matter in galaxy clusters. The study also explores how the galaxy NGC
4993, host of GW 170817, offers valuable clues about the formation of binary neutron stars. Additionally, it
demonstrates how galaxy properties can be used to estimate the mass of galaxy clusters, which helps
improve our understanding of dark matter and its evolution over time.

Kenath Arun et al., (2017). This paper explores the mysteries of dark matter (DM) and dark energy (DE),
which make up 95% of the universe. While some DM candidates are ruled out, many remain, and DE is
mainly explained by a cosmological constant, though other models exist. The paper reviews potential DM
candidates and detection methods, different DE models, and alternatives like MOND and modified gravity.
It also discusses how future observations could help distinguish between these theories.

Andrea Addazi et al., (2016). This paper suggests that a modification of QCD, called IQCD, could explain
both the accelerating expansion of the universe and the nature of dark matter. It proposes that dark quarks
and gluons form unique, compact objects like dark neutron stars and black holes, with masses much smaller
than expected. These objects avoid existing detection limits from previous studies. The paper also explores
the possibility of dark supernovae and dark binary systems creating distinct gravitational wave signals,
which could be detected by LIGO/VIRGO and future projects.

David N. Spergel et al., (2015). Researchers investigated that a simple cosmological model, defined by just
six parameters, effectively fits all observed data. However, it suggests that most of the matter in our galaxy
1s composed of undetected "dark matter" particles, and most of the universe’s energy is made up of "dark
energy," linked to empty space. These findings challenge existing particle physics and could potentially alter
our understanding of general relativity on a cosmological scale.

Kerson Huang; (2013). This paper explores the idea that the universe acts like a superfluid, with fields like
the Higgs field driving this superfluid behaviour. It suggests that dark energy comes from the energy of this
cosmic superfluid, while dark matter is a result of fluctuations in its density, which we can observe through
gravitational lensing around galaxies. The paper also ties quantum turbulence in the early universe to the
creation of all matter, supporting the theory of inflation.
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RESULT

The review paper identifies several key findings regarding dark matter (DM) and dark energy (DE). It
suggests that DM may play a role in unusual solar and planetary phenomena, such as the 11-year solar cycle
and the heating of the solar corona, through gravitational focusing by the Sun and its planets. Additionally, it
highlights the potential for galaxy surveys, particularly the Dark Energy Survey, to enhance our
understanding of DM's influence on galaxy clusters and the connection between gravitational waves and
galaxy properties. The review also examines various candidates for DM and DE, emphasizing the need for
further observational work to distinguish between cosmological constant models and alternative theories like
MOND or modifications of general relativity. The possibility of explaining the accelerated expansion of the
universe and the origin of DM through modifications to Quantum Chromodynamics (IQCD) is also
explored, suggesting that dark quarks and gluons may form compact objects such as neutron stars and black
holes, detectable via gravitational waves. Finally, the review introduces the idea that the universe may
behave like a superfluid, where DE arises from the superfluid's energy density and DM from density
fluctuations, potentially observable through gravitational lensing.
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DISCUSSION

INTERPRETATION - The reviewed studies reveal that dark matter and dark energy are active forces
shaping the universe, influencing galaxy formation, structure, and celestial dynamics. Zioutas et al. (2021)
propose that dark matter might interact with ordinary matter in unexpected ways, challenging the
conventional view of its purely gravitational influence. Palmese (2018) strengthens the link between dark
matter and gravitational waves, suggesting an ongoing relationship between the two. Addazi et al. (2016)
offer a dynamic view of dark matter, calling for broader exploration beyond static particle models. Spergel et
al. (2015) and Huang (2013) stress the need for future theories to reconcile with current observations,
advocating revisions in cosmological and particle models to account for these phenomena.

IMPLICAIONS - These studies have profound implications for the future of cosmology and physics.
Understanding the true nature of dark matter and dark energy could radically change how we think about the
universe, potentially providing new insights into the formation of galaxies, the behavior of celestial bodies,
and even the fate of the cosmos. The identification of new dark matter candidates and the refinement of dark
energy models could lead to breakthroughs in both theoretical and experimental physics.

The suggestion that dark matter could influence solar and planetary phenomena (Zioutas et al., 2021) has
broader implications for astrophysical research, pushing for a cross-disciplinary approach that could even
impact fields like biomedical research. Additionally, the detection of gravitational waves from dark objects
like dark neutron stars could open up new frontiers in observational astronomy.
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FINDINGS

The findings from this literature review reveal the complexity and interconnectivity of dark matter and dark
energy in cosmology. Key insights include:

1. Dark matter’s potential to influence solar and planetary phenomena, suggesting a broader role in
cosmic processes.

2. The ability of galaxy surveys, particularly the Dark Energy Survey, to provide crucial insights into
gravitational wave events and the role of dark matter in galaxy clusters.

3. The theory that dark matter may not be a single particle but could be composed of compact objects
such as dark neutron stars, challenging current detection methods.

4. The potential for modifications to existing cosmological models to accommodate dark matter and
dark energy, paving the way for new theoretical and observational research.
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CONCLUSION

Dark matter and dark energy remain two of the most profound mysteries in modern cosmology. While
significant progress has been made in understanding their roles in shaping the universe, much remains
unknown. The diverse theories and models presented in the reviewed studies suggest that dark matter and
dark energy may be more interconnected and complex than previously thought. Continued interdisciplinary
research and observational efforts are crucial for unravelling these cosmic puzzles. The search for dark
matter, dark energy, and their potential relationship holds the promise of groundbreaking discoveries that
could redefine our understanding of the universe itself.
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