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Introduction
The formation and evolution of galaxies are among the most significant 

topics in astrophysics, shedding light on the universe's structure and the 
processes that govern cosmic evolution. Galaxies serve as the fundamental 
building blocks of the cosmos, providing a framework for understanding the 
distribution of matter and energy throughout the universe. Recent advances in 
observational technology, alongside sophisticated simulations, have enabled 
astronomers to gather unprecedented insights into the birth of galaxies, 
revealing complex processes that have shaped their development over billions 
of years. This review article aims to synthesize the latest findings from both 
observational and simulation studies, focusing on the mechanisms of galaxy 
formation, the role of dark matter, and the implications for our understanding 
of cosmic evolution.

Galaxy formation theories have evolved significantly, with the most 
prominent models being hierarchical formation and monolithic collapse. The 
hierarchical model posits that small structures merge over time to form larger 
galaxies, while the monolithic collapse model suggests that a galaxy forms 
from a single, massive cloud of gas that collapses under its own gravity. Recent 
observations using powerful telescopes, such as the Hubble Space Telescope 
and the Atacama Large Millimeter/submillimeter Array, have provided crucial 
data supporting the hierarchical model. Recent observations have identified 
numerous high-redshift galaxies, enabling astronomers to study the early 
stages of galaxy formation. The discovery of "zoo of galaxies" during the 
cosmic noon (approximately 1 to 3 billion years after the Big Bang) has 
provided insights into the diversity of galaxy types and morphologies. High-
resolution imaging has revealed the presence of clumpy, irregular structures 
in these early galaxies, suggesting that they were formed through chaotic 
mergers and interactions. For instance, studies of the Hubble Deep Field 
have uncovered a population of small, irregular galaxies that likely merged to 
form larger systems. These observations corroborate simulations indicating 
that gas-rich mergers are pivotal in fueling star formation and shaping galaxy 
morphology. Computational simulations, such as the Illustris and EAGLE 
projects, have been instrumental in modeling galaxy formation. These 
simulations incorporate a wide range of physical processes, including gas 
dynamics, star formation, and feedback from supernovae and active galactic 
nuclei. They reveal that star formation is not a smooth process; instead, it 
occurs in bursts driven by the inflow of gas from the surrounding environment 
and the heating and cooling processes within the galaxies. Recent simulations 
have also highlighted the importance of feedback mechanisms in regulating 
star formation. Supernovae and AGN can expel gas from galaxies, quenching 
star formation and shaping the subsequent evolution of the galaxy. These 
rocesses create a complex interplay between star formation and the growth of 
supermassive black holes, linking the evolution of galaxies with the broader 
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cosmic landscape [1].

Description
Dark matter plays a crucial role in galaxy formation, influencing the 

dynamics and structure of galaxies. It is believed to make up about 27% of 
the universe's total mass-energy content, yet its exact nature remains one 
of the greatest mysteries in cosmology. Gravitational lensing, a phenomenon 
predicted by Einstein's theory of general relativity, has provided compelling 
evidence for the presence of dark matter. Observations of galaxy clusters 
reveal that the visible mass (galaxies and gas) is insufficient to account for 
the observed gravitational binding. The discrepancy indicates a significant 
amount of unseen mass, attributed to dark matter. Recent studies utilizing 
gravitational lensing techniques have mapped the distribution of dark matter 
around galaxies and galaxy clusters. These maps show that dark matter halos 
are essential for understanding the rotation curves of galaxies, which do 
not decrease as expected with distance from the center. This phenomenon 
suggests that galaxies are surrounded by extensive dark matter halos that 
significantly influence their dynamics. Simulations have played a vital role in 
elucidating the relationship between dark matter and galaxy formation. The 
ΛCDM (Lambda Cold Dark Matter) model, which includes cold dark matter 
and dark energy, has become the standard framework for understanding large-
scale structure formation. Simulations based on this model have successfully 
reproduced the observed distribution of galaxies across the universe. Recent 
advancements in simulations have enabled researchers to explore the role 
of dark matter in the context of galaxy mergers and interactions. These 
simulations suggest that dark matter halos can affect the orbits of galaxies 
during collisions, leading to different outcomes in terms of star formation and 
morphological changes [2].

The environment in which a galaxy resides significantly impacts its 
formation and evolution. Galaxies in dense environments, such as clusters, 
experience different processes than those in isolated regions. Studies of 
galaxy clusters reveal a range of phenomena, including morphological 
transformations and changes in star formation rates. Observations show that 
galaxies in clusters tend to have lower star formation rates and are more likely 
to be elliptical, compared to their field counterparts. This phenomenon, known 
as "environmental quenching," is attributed to various mechanisms, such 
as ram-pressure stripping, where the intergalactic medium strips gas from 
galaxies as they move through the cluster, and strangulation, where galaxies 
lose their supply of cold gas. Recent surveys, such as the Sloan Digital Sky 
Survey (SDSS), have provided extensive datasets to analyze the influence of 
environment on galaxy properties. These surveys have demonstrated clear 
trends in morphology and star formation activity that correlate with local density. 
Simulation studies have complemented observational findings by modeling 
how galaxies interact with their environments. The IllustrisTNG simulations, 
for example, incorporate detailed treatments of galaxy interactions within 
different environments, allowing for a better understanding of the processes 
that drive environmental quenching. These simulations suggest that the 
interplay between dark matter, gas dynamics, and environmental factors can 
lead to diverse evolutionary paths for galaxies. For instance, they highlight 
how galaxies in dense environments may experience enhanced merging 
rates, leading to more rapid morphological transformations compared to those 
in the field [3].

Feedback from stellar and black hole activities is crucial in regulating 
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star formation and influencing the evolution of galaxies. Observations 
of starburst galaxies and AGN have shown that feedback processes can 
significantly impact their surroundings. In starburst galaxies, intense star 
formation leads to the ejection of gas and dust, creating outflows that can 
inhibit further star formation. Conversely, AGN feedback, where the energy 
output from supermassive black holes affects their host galaxies, can heat 
and expel gas, suppressing star formation. Recent observations using integral 
field spectroscopy have revealed the intricate structures of outflows from 
star-forming regions, demonstrating the efficiency of feedback mechanisms 
in regulating star formation. Simulations have advanced our understanding 
of feedback processes by incorporating various physical models. The FIRE 
(Feedback In Realistic Environments) simulations, for instance, focus on the 
role of supernova feedback in regulating star formation at different scales. 
These simulations indicate that feedback can effectively limit the amount of 
gas available for star formation, leading to the observed correlation between 
galaxy mass and star formation rate. They also suggest that feedback is 
crucial in reproducing the observed stellar mass functions of galaxies [4].

The large-scale structure of the universe, often described as a cosmic 
web, plays a vital role in the formation and evolution of galaxies. This web 
consists of filaments of dark matter and gas, connecting clusters of galaxies 
and influencing their formation. Recent surveys using next-generation 
telescopes have mapped the distribution of galaxies and dark matter across 
vast cosmic distances, revealing the intricate structure of the cosmic web. 
These observations show that galaxies are not randomly distributed but 
rather lie along filaments, with voids in between. The clustering of galaxies 
along these filaments suggests that the large-scale structure influences the 
flow of gas into galaxies, affecting their growth and star formation rates. 
Observations of the Lyα forest in the spectra of distant quasars have also 
provided insights into the ionized gas that fills the cosmic web. Simulations 
of large-scale structure formation, such as those performed by the Millennium 
Simulation and the Horizon-AGN project, have successfully reproduced the 
observed properties of the cosmic web. These simulations demonstrate how 
the gravitational collapse of dark matter leads to the formation of filaments and 
clusters, guiding the flow of gas into galaxies. The interplay between the cosmic 
web and galaxy formation processes highlights the importance of large-scale 
structure in shaping the properties of galaxies and their evolution over cosmic 
time. As we delve deeper into the study of galaxy formation, several avenues 
for future research emerge. Advancements in observational technology, such 
as the James Webb Space Telescope (JWST) and next-generation ground-
based observatories, promise to provide even greater insights into the early 
universe. Simulations will continue to play a crucial role in testing and refining 
our understanding of galaxy formation. Incorporating more complex physics, 
such as magnetohydrodynamics and cosmic ray processes, will enhance the 
fidelity of these models. Furthermore, the integration of observational data into 
simulation frameworks will enable a more comprehensive understanding of 
the galaxy formation process [5].

Conclusion
The study of galaxy formation is a dynamic and rapidly evolving field 

that combines observational insights and simulation data to unravel the 
complexities of cosmic evolution. Recent advancements have significantly 
enhanced our understanding of the mechanisms underlying galaxy 
formation, the role of dark matter, and the influence of environmental factors. 

As we continue to explore the universe's mysteries, the interplay between 
observations and simulations will be pivotal in deepening our understanding 
of how galaxies form and evolve, ultimately illuminating the fundamental 
processes that have shaped the cosmos over billions of years. The journey of 
understanding galaxy formation is far from complete, and future discoveries 
hold the promise of uncovering even more.
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