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Introduction

Dark matter, an enigmatic substance that constitutes about 27% of the
universe's total mass-energy content, remains one of the most compelling
mysteries in modern astrophysics. Unlike ordinary matter, dark matter does
not emit, absorb, or reflect light, making it invisible and detectable only through
its gravitational effects. Recent cosmic surveys have provided new insights
into dark matter, helping to unravel its properties and its role in the structure
and evolution of the universe. One of the primary methods for studying dark
matter is through its influence on the distribution of galaxies and the large-
scale structure of the universe [1]. Cosmic surveys, such as those conducted
by the Dark Energy Survey (DES), the Sloan Digital Sky Survey (SDSS), and
the upcoming Euclid mission, have mapped the positions and motions of
millions of galaxies. By analyzing these data, scientists can infer the presence
and distribution of dark matter based on the way it affects the visible matter.
One of the key techniques used in these surveys is weak gravitational lensing,
a phenomenon where the gravitational field of a massive object, such as a
galaxy or cluster of galaxies, distorts the light from more distant objects.
This distortion allows scientists to map the distribution of dark matter in the
lensing object. By studying the patterns of lensing in large galaxy surveys,
researchers can create detailed maps of dark matter distribution, providing
valuable insights into how dark matter is distributed across different cosmic
structures [2].

Description

The study of galaxy clusters also offers important clues about dark
matter. Galaxy clusters are the largest gravitationally bound structures in
the universe, containing hundreds to thousands of galaxies, along with hot
intracluster gas and dark matter. Observations of galaxy clusters, combined
with measurements of their gravitational lensing and X-ray emission, provide
constraints on the amount and distribution of dark matter within these clusters
[3]. For example, the recent observations of the Bullet Cluster have provided
strong evidence for the existence of dark matter, as the separation between
the visible matter and the dark matter component in the cluster suggests that
dark matter interacts only through gravity, not through electromagnetic forces.
Cosmic surveys have also contributed to our understanding of dark matter
through the study of the Cosmic Microwave Background (CMB). The CMB is
the afterglow of the Big Bang and provides a snapshot of the universe when
it was just 380,000 years old. Analyzing the CMB allows scientists to study
the density fluctuations and the distribution of matter in the early universe,
including dark matter. The Planck satellite, which observed the CMB with high
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precision, has provided constraints on the properties of dark matter, such as
its density and its role in the formation of large-scale structures.

Another significant breakthrough in dark matter research comes from
observations of the distribution of galaxies in the universe. Large-scale galaxy
surveys, such as the SDSS and the DES, have mapped the positions of
billions of galaxies, revealing patterns in their distribution that are influenced
by the presence of dark matter. By analyzing these patterns, scientists can
infer the underlying distribution of dark matter and test theoretical models
that predict how dark matter should be distributed [4]. These surveys have
revealed a complex network of cosmic structures, including filaments and
voids, which are shaped by the gravitational influence of dark matter. The
study of dwarf galaxies also provides insights into dark matter. Dwarf galaxies
are the smallest and most numerous types of galaxies in the universe, and
they often contain a high fraction of dark matter relative to their visible matter.
Observations of dwarf galaxies, such as those in the Milky Way's satellite
system, allow scientists to study the properties of dark matter on small scales.
For example, measurements of the rotation curves of dwarf galaxies can
reveal the density profile of dark matter within these systems, providing clues
about its nature and distribution.

In addition to observational techniques, theoretical models play a crucial
role in understanding dark matter. Simulations of galaxy formation and
evolution incorporate dark matter to predict how it influences the structure
and behavior of galaxies. These models help explain observations from
cosmic surveys and provide insights into the properties of dark matter
particles. For instance, simulations can predict the distribution of dark matter
halos, the structures that host galaxies, and compare these predictions with
observational data to test different dark matter models.

One of the leading candidates for dark matter is the weakly interacting
massive particle (WIMP), which is predicted to interact only weakly with
ordinary matter. Despite extensive searches for WIMPs, no direct detection
has been confirmed, and the nature of dark matter remains elusive. Other
candidates include axions, sterile neutrinos, and alternative theories such as
modifications to gravity [5]. Cosmic surveys and experiments continue to test
these different possibilities, aiming to identify the true nature of dark matter.
The upcoming generation of cosmic surveys and experiments promises to
provide even more insights into dark matter. Projects such as the Vera C.
Rubin Observatory, which will conduct the Legacy Survey of Space and Time
(LSST), aim to map the universe with unprecedented precision. This survey
will provide detailed observations of hillions of galaxies and billions of stars,
allowing for more accurate measurements of dark matter and its effects on
cosmic structures.

Conclusion

In conclusion, cosmic surveys have significantly advanced our
understanding of dark matter, revealing its influence on the distribution of
galaxies, the formation of large-scale structures, and the properties of cosmic
objects. Through techniques such as weak gravitational lensing, galaxy
cluster observations, and the study of the cosmic microwave background,
scientists have gained valuable insights into the distribution and behavior
of dark matter. As new surveys and technologies come online, the quest
to unravel the mysteries of dark matter will continue, bringing us closer to
understanding one of the universe's most profound enigmas. In addition,
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