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Abstract:

The universe is a mysterious and vast space, hiding many
mysteries that we have not yet fully understood. Two
enigmatic yet significant cosmic phenomena are dark
matter and dark energy. One or more new particles that
interact extremely weakly with regular matter and neither
produce nor absorb electromagnetic radiation are possible
components of dark matter. In the 1990s, cosmologists
noticed an increase in the rate of the universe’s expansion
through data from distant supernova explosions, which led
them to first propose the existence of dark energy. People’s
conventional concept of the universe’s development was
completely upended by this finding. Although they cannot
be directly observed, they influence the evolution of the
universe through their gravitational and anti-gravitational
effects. As of right now, the dark energy theory is the
most commonly accepted explanation for the observed
acceleration of cosmic expansion. Understanding the
nature of matter and its mysteries is aided by research
on dark matter and dark energy, which also throws light
on the universe’s beginnings and history. The ideas,
characteristics, and effects of dark matter and dark energy
on the cosmos will be briefly discussed in this article.
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1. Introduction

background radiation (CMB) from measurements
of galaxy motion and study of CMB’s gravitational

Dark matter is a mystery element that makes up
around 27% of the universe’s total mass and makes
up the majority of the cosmos. The present theory
suggests that dark matter might comprise one or
more new particles that have very weak interactions
with ordinary matter, making them incredibly dif-
ficult to detect. Scientists have progressively con-
jectured about the existence of cosmic microwave

effects on visible matter, light, and large-scale struc-
tures in the cosmos. Dark matter has a huge and deep
effect on the cosmos [1]. It affects the motion of
galaxies and maintains their stability through gravi-
tational interactions. Moreover, dark matter plays a
role in the formation of large-scale cosmic structures
and is crucial to the evolution of the universe. There-
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fore, looking into dark matter can help us comprehend the
origins and evolution of the universe as well as the nature
of matter and its mysteries [2].

Another enigmatic substance, in addition to dark matter,
is dark energy. The cosmos is expanding faster than ever
because to a phenomenon known as dark energy, which
opposes gravity. According to the accepted mainstream
hypothesis, dark energy is a consistent, uniform energy
density that has negative pressure and covers the whole
cosmos, causing the universe to expand more quickly [3].
It not only accelerates the expansion of the universe but
also affects the formation of large-scale objects in space.
The discovery of dark energy has changed our under-
standing of the universe’s fate and raised a number of new
questions about its origins and composition [4].

2. Theoretical Framework

2.1 Dark Matter

It was thought that dark matter may be made up of a lot of
neutrinos until it was hypothesized that the composition of
dark matter was probably made up of weakly interacting
massive particles (WIMPs). However, it still needs to be
shown that neutrinos must have mass. It is only massless
neutrinos that are able to affect the universe’s gravity. It is
possible to manufacture neutrinos in their native state, and
if they have mass, then neutrinos may make up at least
some of the universe’s dark matter.

More detailed research suggests that galaxies in the uni-
verse are moving away from each other, but there is also
reverse motion occurring in large areas of the universe,
often including entire galaxy clusters. This indicates that
there must be more gravitational effects in the universe,
completely unaffected by the halo around the galaxy but
originating from dark matter with WIMPs properties. The
impact of WIMPs on dark matter is much greater than that
of MACHO and neutrinos.

Axions were first proposed in the 1970s through the study
of quantum chromodynamics theory [1]. Axions appear to
offer the most logical answer to the strong CP problem in
guantum chromodynamics, based on string theory. Axions
may potentially be able to shed light on the dark matter
conundrum in space. An axion is most likely to become
a potential component of cold dark matter if it exists and
falls within a certain mass range.

2.2 Dark Energy

The most widely accepted theory at the moment to ex-
plain the observed acceleration of the expansion of the
universe is the dark energy concept. The Standard Model
of the Universe states that dark energy accounts for 68.3%

of the total mass energy in the universe. Right now, the
two accepted theories of dark energy are the cosmological
constant and the scalar field [1].

The connection between dark energy and the universe’s
expansion is outlined in the dark energy equation of state.
The cosmos will continue to expand at a faster pace if the
equation’s parameters are less than —1, a phenomenon
known as hyper acceleration. Although much evidence
suggests the cosmological constant (wy.= —1), its very
tiny energy scale remains difficult to explain mathemati-
cally [6].

A potential solution to the cosmological constant issues
might be a more extensive range of non-minimal inter-
actions between dark sector particles, resulting in some
coupling between the dark energy and dark matter charac-
teristics [7].

At present, scientists do not have a clear answer to the na-
ture of dark energy in the universe, but several theoretical
properties are of great concern. The dark energy density
of the cosmos is thought to be constant and unaffected
by cosmic expansion under the notion of constant dark
energy density. The cosmos is growing faster than it is ex-
panding at a steady speed, which can be explained by this
theory. According to the theoretical premise of fluctuating
dark energy density, the universe’s dark energy density
varies with time. This hypothesis suggests that the density
of dark energy in the universe may be related to the in-
teractions of other matter in the universe, such as cosmic
neutrinos or dark matter.

The expansion of the cosmos is significantly influenced by
the dark energy present in it. The expansion’s acceleration
is the main effect. The cosmos is expanding due to dark
energy, which is outpacing gravity’s slowing influence.
The limitation of cosmic dark energy on the universe’s
structure is another significant influence. Dark energy
prevents ordinary matter from aggregating throughout the
cosmos, which has the constraining effect of preventing
the construction of cosmic structures. Even the universe’s
destiny as it evolves is significantly influenced by dark en-
ergy. The nature of dark energy determines the expansion
rate of the universe and the direction of future evolution.
Since the CDM Model aims to explain cosmic microwave
background radiation supernova data, large-scale cosmos
structures, and rapid cosmic expansion, it is commonly
known as the index model in Big Bang cosmology. Right
now, it’s the most straightforward model that can explain
these events in a way that is both harmonic and logical.
The dark energy term responsible for explaining the
universe’s observed rapid expansion is the cosmological
constant, or A. Though further high-precision data could
break this degeneracy, we have not yet discovered com-
pelling evidence to favor dynamical dark energy models



over the ACDM model. The generalized Chaplygin gas
model may be used to represent dark energy and dark mat-
ter together in an integrated manner; nevertheless, in order
to explain the known matter power spectrum, this model
must closely resemble the ACDM model. Under a sole-
ly k-essence field, there exists a class of feasible unified
models of dark energy and dark matter. When considering
alternatives to the ACDM model, the dark energy theories
that rely on the Gauss-Bonnet term are ruled out because
of their general contradiction with several facts and exper-
iments [2].

The cold dark matter hypothesis postulates that in the ear-
ly cosmos, when matter and radiation have similar energy
distributions, dark matter has a non-relativistic velocity
and is hence cool; They will not experience collisions or
energy loss since they are made of non-baryons. Twen-
ty-two percent of the universe’s current energy density
is made up of cold dark matter. All matter in the cosmos,
including planets, stars, and gas clouds, is made up of
baryons, which make up the remaining 4% of energy. The
model presupposes a universe with negligible spatial cur-
vature and primordial disturbances with an energy spec-
trum that is almost scale invariant. Additionally, it is pred-
icated on the idea that the cosmos has no visible structure,
meaning that it is actually considerably bigger than the
particle horizon. All of them are anticipated by the cosmic
inflation theory. To explain the cosmos after the inflation-
ary epoch and in the future, the model uses the Friedman
Lemaitre Robertson Walker metric, the Friedman equa-
tion, and the state equation of the universe [1].

3. Observational Evidence

3.1 Techniques for Detecting Dark Matter Di-
rect and indirect detection methods Gravita-
tional lensing and galaxy rotation curves

According to the prevailing mainstream hypothesis, dark
matter does not emit, absorb, or reflect any kind of light
since it is not subject to electromagnetic forces. We may
conclude that dark matter exists in astrophysics based on
several findings. Cosmic microwave background radia-
tion, gravitational lensing, and the galaxy rotation curve
are examples of early evidence.

Observations indicate that the relationship between the
rotational speed of stars in the outer periphery of the gal-
axy and their distance from the center does not conform
to Newton’s law of gravity, suggesting the presence of
a large amount of unobserved matter. When light passes
through massive bodies such as galaxy clusters, it bends.
The impact of this phenomenon, known as gravitational
lensing, can be used to deduce the presence of a signifi-
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cant amount of dark matter. The microwave radiation left
behind after the Big Bang, if considering various compo-
nents in the universe, can further reveal the distribution of
dark matter by analyzing its temperature fluctuations.

The methods for detecting dark matter mainly include two
categories: direct detection and indirect detection.

The process of direct detection involves identifying the
signals that are released when dark matter particles collide
with ordinary matter atomic nuclei. This method relies on
the target nucleus state after the collision between dark
matter particles and standard model particles to study
dark matter. This type of experiment is usually conducted
underground and isolated from external noise to improve
sensitivity. For example, experiments such as LUX, LZ,
PandaX, etc. detect this signal by placing containers filled
with xenons underground and filling them with photomul-
tiplier tubes.

Indirect detection is the process of analyzing astronomi-
cal observation data such as cosmic rays, galaxy rotation
curves, and gravitational lensing effects to find evidence
of the existence of dark matter. This method does not di-
rectly detect dark matter particles themselves, but infers
their existence based on their impact on the surrounding
environment. By studying the density, distribution, evo-
lution, and environment of small-scale structures, these
potential dark matter models can be distinguished. When
dark matter particles collide, high-energy gamma rays
can be generated, which can be observed using gamma
ray telescopes such as the Fermi Gamma Ray Space Tele-
scope in order to discover these high-energy signals. By
analyzing high-energy particles from space, observation
of cosmic rays searches for evidence that they may come
from dark matter decay or annihilation.

Gravity detection is a method that utilizes dark matter to
affect the motion of visible celestial bodies or light, which
includes the gravitational lensing effect of galaxy clusters
and gravitational wave detection. By studying the refrac-
tion of light from background sources in front of galaxy
clusters and reconstructing the mass distribution within
the galaxy cluster, potential dark matter mass can be in-
ferred. Gravitational wave technology can also potentially
be used to retrieve large-scale and small-scale black holes
and other events with large mass volumes, which can help
construct more comprehensive models of the universe and
provide new perspectives on understanding dark matter.

3.2 Probing Dark Energy Supernovae observa-
tions Cosmic microwave background (CMB)
and baryon acoustic oscillations (BAO)

The presence of dark energy influences the CMB’s tem-
perature anisotropies. The locations of the acoustic peaks
in CMB anisotropies are determined by the expansion his-
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tory from the decoupling epoch to the present. Thus, dark
energy is responsible for the change in the positions of the
acoustic peaks. The Integrated-Sachs-Wolfe (ISW) effect
is another phenomenon brought on by the variation of
the gravitational potential during the cosmic acceleration
epoch [8]. Since the former effect is limited to large-scale
disturbances, it is typically more substantial than the ISW
effect. There are ideas that explain the universe’s seem-
ing quicker expansion by focusing on inhomogeneities
in matter distribution. The void model can be compatible
with the SN la data, but it is still challenging to satisfy the
CMB’s other requirements, including the kinematic Suny-
aev-Zeldovich effect [7].

Another test for examining the dark energy property has
been made possible by the discovery of baryon acous-
tic oscillations, which was initially reported in 2005 by
Eisenstein et al. [9] in a spectroscopic sample of 46,748
bright red galaxies discovered by the Sloan Digital Sky
Survey (SDSS). Baryon perturbations and CMB anisot-
ropies are imprinted with the oscillation of sound waves
because baryons are closely related to photons before the
decoupling epoch [6]. The regular periodic density fluctu-
ations of baryonic matter that are apparent in the universe
are known as baryon acoustic oscillations (BAO). Just as
supernovae can serve as standard candles, the clumping of
matter in baryonic acoustic oscillations can also serve as
a standard measure for measuring cosmological distances.
The length of this standard ruler can be measured through
large-scale structural surveys. By measuring the acoustic
oscillations of baryons, we can further constrain cosmo-
logical parameters and comprehend the characteristics of
dark energy that lead to the universe’s accelerating expan-
sion.

4. Advances in Understanding and An-
alytical Methods

At present, research on dark matter in academia is mainly
conducted through particle detection. Dark matter parti-
cle detection is the process of inferring the existence and
characteristics of dark matter by detecting the interaction
between dark matter particles and visible matter. This type
of experiment typically involves techniques with extreme-
ly low detection noise and high-precision measurements.
The Large Hadron Collider, the largest particle detector
in the world, is being used by researchers at the European
Organization for Nuclear Research to look for signs of
dark matter particles. The detector uses giant magnets to
accelerate protons to near the speed of light and searches
for brief interactions between particles during collisions.
Despite not having found any dark matter particles thus

far, the experiment is nevertheless regarded as one of the
most significant in the hunt for dark matter [1].

In addition to the Large Hadron Collider, some cut-
ting-edge dark matter detection experiments include
PICO, XENON, DarkSide, DEAP, and others. CoGeNT
detector technology is perfectly suited to search for the
annual modulation signal expected from dark matter parti-
cle interactions within the range of WIMP mass and cou-
pling supported by the DAMA/LIBRA discoveries [10].
These experiments are based on different techniques and
principles, but the common goal is to further verify the
existence and characteristics of dark matter particles by
detecting the interactions between visible matter and dark
matter particles.

5. Results and Future Prospects

There is no electromagnetic radiation, such as visible light
or X-rays, that dark matter emits or absorbs. The gravita-
tional interaction between dark matter and conventional
matter influences the motion and trajectory of nearby
celestial bodies. Dark matter remains relatively stable
on cosmic timescales and is not easily decayed or trans-
formed into other forms of matter. Dark matter is distrib-
uted throughout the universe, especially in the outskirts of
galaxies and galaxy clusters, with a density much higher
than that of the interstellar medium. The mainstream the-
ory suggests that dark matter is mainly composed of “cold
dark matter” such as WIMPs, which moved at relatively
low speeds in the early universe.

The constraints on the mass and interactions of dark mat-
ter mainly come from astronomical observations and the
fitting of theoretical models. According to cosmological
observations, dark matter particles must be heavy enough
to form the galaxies and galaxy clusters we see today in
the early universe. In theory, the mass of dark matter parti-
cles should be between tens of GeV and several TeV. The
observed galaxy rotation curve indicates that dark matter
must occupy the majority of the galaxy’s mass and its dis-
tribution must extend to far outer regions of the galaxy.
The interaction between dark matter and ordinary matter
must be very weak; otherwise, we will directly detect
them in the laboratory or through astronomical observa-
tions. This weak interaction also explains why dark matter
is difficult to directly observe. Through particle physics
experiments and cosmological observations, the collision
cross section of dark matter particles can be constrained.
In the early universe, dark matter and dark energy jointly
influenced the formation of the structure of the universe.
Dark matter promotes the aggregation of matter into gal-
axies and galaxy clusters through gravitational forces,
while dark energy slows down this process to some extent



through its repulsive force. With the expansion of the
universe, the role of dark energy has become increasingly
significant and has become a key factor in the evolution
of the universe. However, the direct impact of dark energy
on structure formation is relatively small, as it is almost
uniformly distributed throughout the universe.

The future research directions of dark matter mainly in-
clude improving detection sensitivity, exploring a wider
range of dark matter candidate particles, utilizing new
experimental techniques, and theoretical research on
high-energy physics models such as supersymmetry.
Firstly, improving detection sensitivity is one of the im-
portant directions in dark matter research. By improving
the sensitivity of detectors such as XENONNT and LUX-
ZEPLIN in underground experiments, weaker interactions
between dark matter particles and ordinary matter can be
detected. In addition, the Large Hadron Collider (LHC)
and future high-energy colliders will conduct higher-en-
ergy particle collision experiments to search for possible
signals of dark matter particle generation and decay.
Secondly, exploring a wider range of dark matter can-
didate particles is also a future research direction. In
addition to WIMPs, there are other types of dark matter
candidate particles, such as axions and inert neutrinos. Fu-
ture research will focus on identifying the properties and
behaviors of these particles to gain a more comprehensive
understanding of the nature of dark matter.

In addition, utilizing new experimental techniques and
theoretical research on high-energy physics models such
as supersymmetry is also a future research direction.
High-precision celestial measurements, wide-area surveys,
interstellar molecular analysis, and other technologies will
promote the development of dark matter research. Mean-
while, the development of high-energy physics models
such as supersymmetry, string theory, and inflation theory
will help us better understand the properties and origins of
dark matter.

Finally, dark matter research will also intersect with other
fields such as astronomy, physics, and mathematics to
gain a deeper understanding of the nature and structure of
the universe. For example, the interaction between dark
matter and black holes, as well as the relationship between
dark matter and dark energy, are important directions for
future research.

6. Summary

Dark matter is distributed throughout the universe, espe-
cially on the outskirts of galaxies and galaxy clusters, with
a density much higher than that of the interstellar medium.
Dark matter remains relatively stable on cosmic times-
cales and is not easily decayed or transformed into other

Dean&Francis

MULAN HUANG

forms of matter. According to the standard theory, “cold
dark matter” like WIMP makes up the majority of dark
matter. It was thought that dark matter might be made up
of a lot of huge neutrinos before it was hypothesized that
dark matter might be made up of WIMPs. If there is an
axion and its mass falls into a certain range, it will most
likely be considered as a potential constituent of cold dark
matter.

A significant quantity of dark matter may be inferred from
the gravitational lensing effect. Dark matter may be found
primarily through two methods: indirect detection and
direct detection. The process of detecting signals released
by collisions between atomic nuclei of conventional mat-
ter and dark matter particles allows for direct detection.
The process of looking for evidence of the presence of
dark matter involves evaluating data from astronomical
observations, such as gravitational lensing effects, galaxy
rotation curves, and cosmic rays. This is known as indirect
detection. Using dark matter to alter the velocity of ob-
servable celestial bodies or light, such as the gravitational
lensing effect of galaxy clusters or the discovery of grav-
itational waves, is known as gravity detection. At present,
academic research on dark matter is mainly conducted
through particle detection.

In addition to interacting with ordinary matter through
gravity to modify the course and speed of nearby celes-
tial bodies and preserve its stability through gravitational
interactions, dark matter also plays a significant role in
the formation of large-scale structures throughout the uni-
verse and is essential to its evolution. In the early cosmos,
dark energy and dark matter worked together to shape
cosmic structure. Dark matter promotes the aggregation of
matter into galaxies and galaxy clusters through gravity,
while dark energy slows down this process to some extent
through its repulsive force. As the universe expands, the
role of dark energy becomes increasingly important.

The cosmological constant and scalar field are the two
dark energy theories that are currently in use. The con-
nection between dark energy and the universe’s expansion
is explained by the dark energy state equation. Under the
theory of constant dark energy density, the universe’s dark
energy density is assumed to be constant and unaffected
by cosmic expansion. The dark energy density in the cos-
mos is expected to evolve throughout time, according to
the theoretical assumption of variations in dark energy
density.

Dark matter and dark energy are two crucial concepts in
cosmology that influence the evolution and structural for-
mation of the universe in their own unique ways. In-depth
research and understanding of them will help us uncover
the ultimate secrets of the origin and evolution of the uni-
verse.
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