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Commentary

DESCRIPTION

In the vast cosmos, galaxies stand as islands of stars, gas, and dust suspended
in the fabric of space. Yet, the true extent of their influence extends beyond what
meets the eye. At the heart of this cosmic dance lies a mysterious entity: Dark

matter. Understanding the role of dark matter halos in shaping galactic

dynamics is crucial to unraveling the mysteries of the universe.

The enigmatic nature of dark matter

Dark matter remains one of the most intensive enigmas in modern astrophysics.
Unlike ordinary matter composed of atoms and molecules, dark matter is
invisible and interacts weakly, if at all, with electromagnetic radiation. Its
presence, however, is inferred through gravitational effects observed on visible
matter. Cosmological simulations suggest that dark matter constitutes about
85% of the total matter in the universe. It forms vast, diffuse halos around
galaxies, providing the gravitational scaffolding that governs the motions of stars
and gas within galaxies. These dark matter halos are critical in understanding

the dynamics and evolution of galaxies over cosmic timescales.

Galactic dynamics and dark matter halos

Galaxies are complex systems where stars, gas, and dark matter interact
through gravitational forces. The structure and dynamics of galaxies are
significantly influenced by the gravitational potential of their dark matter halos.
Unlike visible matter, which can radiate energy and lose angular momentum,
dark matter interacts only gravitationally, leading to distinct behaviours in
galactic dynamics. The presence of dark matter halos affects the rotation curves

of galaxies the speed at which stars and gas orbit the galac tic center.

JPAP| Volume 12 | Issue 2 |June, 2024 3



Research and Reviews: Journal of Pure and Applied physics ISSN: 2320-2459

Observations of rotation curves indicate that velocities remain high even at large distances from the galactic center,
suggesting the presence of substantial unseen mass. This discrepancy between observed and expected velocities

can be reconciled by the gravitational influence of dark matter halos enveloping galaxies.

Formation and evolution of galaxies

Dark matter halos play a pivotal role in the formation and evolution of galaxies. In the early universe, fluctuations in
the density of dark matter led to the formation of halos, which subsequently attracted baryonic matter (ordinary
matter) through gravitational interaction. Over time, this process facilitated the formation of galaxies as we observe
them today.

The hierarchical structure formation model posits that small dark matter halos merged and grew larger over cosmic
epochs, providing the gravitational potential wells within which galaxies and clusters of galaxies formed. The
properties of dark matter halos, such as their mass distribution and concentration, influence the evolution of galaxies

by regulating star formation rates, gas accretion, and the dynamics of galactic mergers.

Observational evidence and research challenges

Despite its pervasive influence, dark matter remains elusive in direct detection experiments. Observational evidence
for dark matter halos primarily comes from gravitational lensing, galaxy rotation curves, and the large-scale
distribution of galaxies in the universe. Advanced telescopes and instruments, such as the hubble space telescope
and ground-based observatories, provide major insights into the properties and distribution of dark matter halos.
However, many questions regarding the nature of dark matter and its halos remain unanswered. Challenges include
accurately mapping the mass distribution within halos, understanding the formation of substructure within halos, and

reconciling theoretical predictions with observational data at various scales from dwarf galaxies to galaxy clusters.

Theoretical frameworks and future prospects

Theoretical models, such as Cold Dark Matter (CDM) and its variants, provide frameworks for understanding the
formation and evolution of dark matter halos. Simulations based on these models predict the statistical properties
of halos, including their abundance, density profiles, and clustering behavior. Future simulations aim to incorporate
more realistic physical processes, such as gas dynamics and feedback from star formation, to improve our
understanding of galaxy formation within dark matter halos.

Advancements in observational techniques, including next-generation telescopes and gravitational wave detectors,
promise to shed more light on dark matter and its halos. Projects like the James Webb Space Telescope (JWST) and
the Vera C. Rubin Observatory (formerly LSST) will enhance our ability to probe the universe across different

wavelengths and study the distribution of dark matter in unprecedented detail.
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