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Description

Supernovae are among the most spectacular and energetic events in
the universe, causes the explosive death of massive stars and
significantly influencing the evolution of galaxies. These stellar
explosions not only release enormous amounts of energy but also play
an important role in the synthesis and dispersal of heavy elements.
Understanding the mechanisms behind supernova explosions and their
contribution to cosmic chemistry provides valuable information about
the life cycles of stars, the formation of galaxies and the origins of
elements essential for life.

Supernovae are primarily categorized into two types: Type I and
Type II supernovae, each with distinct mechanisms of explosion. Type
I supernovae occur in binary star systems, where a white dwarf, a
remnant of a low to intermediate mass star accumulates matter from its
companion star. When the mass of white dwarf approaches the
chandrasekhar limit of about 1.4 solar masses, the pressure and
temperature in its core rise to the point, where the carbon fusion ignites
uncontrollably. This thermonuclear explosion results in a rapid,
catastrophic disassembly of the white dwarf, releasing a tremendous
amount of energy and producing a characteristic light curve that can
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outshine entire galaxies for a brief period. These explosions primarily
synthesize elements like carbon, oxygen and heavier elements up to
iron through nucleosynthesis processes, which then get expelled into
the Interstellar Medium (ISM).

Type II supernovae are the result of the core collapse of massive
stars (typically greater than eight solar masses). As these stars exhaust
their nuclear fuel, they can no longer support themselves against
gravitational collapse. When the core collapses, temperatures and
pressures increase dramatically, leading to the fusion of heavier
elements such as helium, carbon and ultimately, iron. Once iron builds
up in the core, no further fusion can occur to generate energy. The
core’s inability to support its own weight leads to a catastrophic
collapse, resulting in an explosion. This explosion ejects the outer
layers of the star into space at velocities reaching thousands of
kilometers per second, creating shock waves that propagate through
the surrounding material. Type Il supernovae are responsible for
synthesizing a broad range of heavy elements, including those beyond
iron, through a process called neutron capture.

During supernova explosions, two primary nucleosynthesis
processes occur: The rapid neutron capture process (r-process) and the
slow neutron capture process (s-process). The r-process occurs in
environments with extremely high neutron flux, such as the conditions
present during a supernova explosion. Heavy elements like gold,
platinum and uranium are formed through the rapid capture of neutrons
by atomic nuclei, followed by beta decay. In contrast, the s-process
occurs in more stable environments, typically during the later stages of
stellar evolution, particularly in Asymptotic Giant Branch (AGB) stars.
While the s-process contributes to the production of some heavy
elements, it is the r-process during supernovae that is primarily
responsible for creating the most massive and neutron-rich elements.

The dispersal of heavy elements produced in supernovae is critical
for enriching the ISM with the building blocks necessary for new star
and planet formation. The explosion creates shock waves that can
compress surrounding gas and dust, triggering the formation of new
stars and stellar clusters. This recycling of material allows for the
gradual enrichment of the galaxy’s chemical composition, transitioning
from primordial hydrogen and helium to a more diverse array of
elements.
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