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DESCRIPTION

Dark matter represents one of the most profound mysteries in modern astrophysics and cosmology. Despite making
up the universe’s total mass and energy, dark matter remains elusive, detectable only through its gravitational effects
on visible matter and radiation. Its nature challenges our understanding of physics and our grasp of the universe’s
composition and evolution. Dark matter is termed "dark" because it does not emit, absorb, or reflect light, making it
invisible to traditional electromagnetic observations. Its existence was first suggested in the early century through the
observation of discrepancies between the visible mass of galaxies and their gravitational effects. Astronomers like Fritz
Zwicky noted that the mass required to hold galaxies together far exceeded what could be accounted for by visible
matter alone. This discrepancy pointed to the presence of an unseen form of matter exerting gravitational influence. In
the 1970s and 1980s, further evidence emerged from studies of galaxy rotation curves and large-scale cosmic
structures. Observations showed that galaxies rotate at speeds too high for their visible mass to account for the
observed gravitational effects. This led to the hypothesis that dark matter forms a halo around galaxies, providing the
additional gravitational pull needed to account for their high rotational speeds. While dark matter itself remains
elusive, scientists have devised several methods to detect and study it indirectly. One approach involves looking for its
gravitational effects on large scales. For example, gravitational lensing occurs when dark matter's gravitational field
bends the light from distant galaxies, allowing researchers to map its distribution. Another method is searching for
Weakly Interacting Massive Particles (WIMPs), one of the leading dark matter candidates. WIMPs are hypothesized to
interact through the weak nuclear force and gravity. Experiments like the Large Hadron Collider (LHC) and various
underground detectors aim to directly detect WIMPs by observing rare interactions with ordinary matter. Additionally,
dark matter's role in the early universe provides clues to its nature. The Cosmic Microwave Background (CMB)
radiation, a remnant of the Big Bang, carries imprints of dark matter's effects on the distribution of primordial matter.
Analysing these imprints helps constrain dark matter properties and its impact on cosmic evolution. Several theoretical
models attempt to explain dark matter's nature. Supersymmetry, an extension of the Standard Model of particle
physics, predicts the existence of dark matter particles like the neutralino. Understanding dark matter is crucial for a
comprehensive view of the universe. It influences galaxy formation, structure, and evolution. The presence of dark
matter affects the distribution of galaxies and the formation of cosmic structures, providing insights into the large-
scale organization of the universe. Additionally, unravelling dark matter's properties may lead to new physics beyond
the Standard Model and deepen our understanding of fundamental forces and particles. Ongoing and future
experiments are crucial for resolving the dark matter enigma. Advances in particle detectors, telescopes, and
computational methods promise to enhance our ability to detect dark matter directly or indirectly.
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