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DESCRIPTION

Black holes and their profound impact on galaxy formation and evolution represent a cornerstone of contemporary
astrophysics. These enigmatic objects, defined by their immense gravitational pull from which nothing, not even light,
can escape, play a pivotal role in the dynamics of galaxies and the larger cosmic structure. Understanding black holes
offers insights into the fundamental processes shaping the universe, from the birth of galaxies to the formation of
cosmic structures. Black holes are formed through various processes, including the collapse of massive stars and the
merging of stellar remnants. The simplest model, known as stellar-mass black holes, forms when a massive star
exhausts its nuclear fuel and undergoes a supernova explosion, leaving behind a dense core. If the core's mass is
sufficient, it collapses into a black hole. Supermassive black holes, which reside at the centres of most galaxies, are
significantly larger and more mysterious. They can contain millions to billions of times the mass of the Sun. The
formation of supermassive black holes is less well understood but may involve the merging of smaller black holes,
accretion of massive amounts of gas, or the collapse of massive primordial clouds in the early universe. The interaction
between black holes and their host galaxies is a critical area of research. Observations indicate that supermassive black
holes are closely linked to the formation and evolution of galaxies. One key aspect of this relationship is the feedback
mechanism: black holes can influence their surroundings through energetic processes such as accretion disk formation
and relativistic jets. As matter falls into a black hole, it forms and accretion disk that heats up and emits high-energy
radiation. This radiation can exert pressure on the surrounding interstellar medium, regulating star formation and
influencing the growth of the galaxy. In some cases, the outflows from black holes can clear out gas from the galaxy,
effectively quenching star formation and affecting the galaxy's overall evolution. Additionally, black hole mergers can
impact galaxy dynamics. When two black holes’ merge, the resulting gravitational waves can have observable effects
on their host galaxies. These mergers may contribute to the growth of supermassive black holes and the formation of
new structures within galaxies. Observations from telescopes such as the Event Horizon Telescope (EHT) and the
Hubble Space Telescope have provided crucial insights into black holes and their role in galaxy formation. The EHT, for
example, captured the first image of a black hole's event horizon in the galaxy M87, offering direct evidence of a
supermassive black hole's presence and its influence on its galaxy. Theoretical models and simulations also play a vital
role in understanding black holes. Simulations of galaxy formation and evolution incorporate black hole feedback to
study its impact on star formation and cosmic structure. These models help explain observed phenomena and guide
future observational efforts. Ongoing and future research aims to further unravel the complexities of black holes and
their interplay with galaxy formation. Upcoming observatories, such as the James Webb Space Telescope (JWST) and
the next-generation gravitational wave detectors, will provide new data and insights.
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