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DESCRIPTION

Neutrinos, often described as elusive and mysterious, play a crucial role in both particle physics and astrophysics.
These nearly massless, electrically neutral particles interact via the weak nuclear force, making them incredibly
challenging to detect. Despite their elusive nature, neutrinos are fundamental to our understanding of particle physics
and the universe's most energetic processes. Their study provides profound insights into cosmic phenomena, from
stellar evolution to the fundamental laws of nature. Neutrinos are elementary particles that come in three flavour's
electron, muon, and tau. They are produced in various processes, including nuclear reactions in the Sun, cosmic ray
interactions in the Earth's atmosphere, and during the decay of radioactive elements. Neutrinos are characterized by
their minimal interaction with matter, which allows them to pass through vast quantities of material, including entire
planets, without being significantly altered. The discovery of neutrino oscillations in the late 1990s was a ground-
breaking development. This phenomenon, where neutrinos switch between different flavours as they travel, indicates
that neutrinos have mass, a fact that was not previously included in the Standard Model of particle physics. This
discovery led to the awarding of the 2015 Nobel Prize in Physics to Takaaki Kajita and Arthur B. McDonald for their
contributions to the field. Neutrinos are integral to understanding several cosmic phenomena. In stellar astrophysics,
they are produced in vast quantities during supernova explosions, where they carry away a significant portion of the
energy released. Studying these neutrinos provides valuable information about the core-collapse process and the
conditions in the early universe. Furthermore, neutrinos play a crucial role in the study of the Sun's interior. The Sun
generates energy through nuclear fusion, and neutrinos produced in this process travel directly from the core to Earth.
By detecting and analysing solar neutrinos, scientists can probe the Sun's core and refine models of stellar
nucleosynthesis. Observatories such as the Ice Cube Neutrino Observatory and the Super-Kamiokande detector are
dedicated to capturing and studying these high-energy neutrinos, offering a new perspective on cosmic phenomena
and their origins. Detecting neutrinos is exceptionally challenging due to their weak interaction with matter.
Experiments typically involve large detectors filled with materials like water or heavy water, which can produce
detectable signals when neutrinos interact with atomic nuclei. These detectors are often located deep underground or
underwater to shield them from cosmic radiation and other background noise. Recent advances in neutrino detection
technology and experimental techniques have led to significant progress in the field. New-generation detectors, such
as the Hyper-Kamiokande project and the DUNE (Deep Underground Neutrino Experiment) facility, aim to explore
fundamental questions about neutrino properties, including their mass hierarchy and the potential existence of
additional neutrino types. The study of neutrinos continues to be a vibrant and evolving field. Future research will
focus on refining our understanding of neutrino masses, exploring their role in the early universe, and investigating
their potential connections to dark matter and other new physics.
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