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DESCRIPTION

In the vast expanse of the universe, where galaxies are intercon-
nected like nodes in a colossal cosmic web, some of the most
enigmatic and powerful phenomena occur: Black hole jets. These
extraordinary cosmic structures, propelled by the intense gravita-
tional forces of supermassive black holes, stretch across immense
distances, influencing the dynamics of the cosmic web on scales
that are both awe-inspiring and challenging to comprehend. Black
hole jets are spectacular cosmic phenomena characterized by
streams of high-energy particles that are ejected from the vicinity
of black holes at nearly the speed of light. These jets can extend
for thousands of light-years, piercing through the interstellar me-
dium and shaping the surrounding cosmic environment in pro-
found ways. While the exact mechanisms behind the formation
and acceleration of these jets are still not fully understood, scien-
tists have made significant strides in unraveling their mysteries.
At the heart of many galaxies, including our own Milky Way, lie
supermassive black holes. These behemoths, with masses millions
to billions of times that of the Sun, exert tremendous gravitational
influence on their surroundings. As matter falls into the gravita-
tional well of a black hole’s event horizon, it forms an accretion
disk-a swirling disk of superheated gas and dust orbiting the black
hole. It is within this chaotic environment that black hole jets are
born. The precise mechanisms responsible for launching and ac-
celerating black hole jets are complex and multifaceted. One lead-
ing theory involves the intense magnetic fields generated by the
spinning accretion disk around the black hole. These magnetic
fields can become twisted and contorted, channeling some of the
infalling matter along their lines and accelerating it to relativistic
speeds, ultimately forming the powerful jets that extend outward
from the black hole’s poles. Once unleashed, these jets become
cosmic engines, injecting vast amounts of energy and momentum
into the surrounding space. They can interact with the interstellar

medium, stirring up turbulence and shock waves that reverberate
throughout the galaxy and even beyond, influencing the structure
and evolution of the cosmic web on large scales. Observationally,
black hole jets are detected across a wide range of wavelengths,
from radio and microwave to X-ray and gamma-ray emissions. This
multi-wavelength approach allows astronomers to study different
aspects of these jets and gain insights into their properties and dy-
namics. One of the most striking features of black hole jets is their
ability to extend over enormous distances, often spanning hun-
dreds of thousands of light-years. These immense structures serve
as cosmic signposts, marking the presence of supermassive black
holes at the centre of galaxies and providing valuable clues about
the processes governing their formation and evolution. Studying
black hole jets on the scale of the cosmic web presents unique
challenges and opportunities for astronomers. The vast distanc-
es involved require sophisticated observational techniques and
instruments capable of probing the depths of space with unprec-
edented precision. Advanced telescopes and observatories, both
ground-based and space-borne, play a crucial role in unraveling
the mysteries of these cosmic behemoths and their far-reaching
influence. The black hole jets are fascinating cosmic phenomena
that play a significant role in shaping the dynamic landscape of
the universe on the scale of the cosmic web. These powerful jets,
born from the gravitational embrace of supermassive black holes,
extend across vast distances, leaving an indelible imprint on the
cosmic tapestry.
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