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Neutrino physics at the Institute of Mathematical has a long history of significant contributions. Many past and present members have contributed to this field and are continuing to contribute even now.  From 1980  onwards many important experimental discoveries have been in the field of neutrino physics. This is likely to remain so for another decade or even more. These results have raised more questions and some answers,  however incomplete they are. 
What are neutrinos and why are they so important?
Neutrinos are the second most abundant particles in the Universe. We are literally swimming in a soup of neutrinos. However we do not feel the presence of neutrinos since they interact with other matter particles very weakly- in fact the weak interaction is more than a billion times weaker than electromagnetic interactions. It is this very weak interaction that makes these particles so mysterious and difficult to study.
BOX What is the world made of?
We know that matter is made up of electrons going around a nucleus which contains protons and neutrons. However, matter is only a small part of the present Universe. What makes up the Universe today is a mysterious form of matter called dark matter. When the Universe started (with the Big Bang), about 14 billion years ago, it was dominated by radiation, or light. Today, physicists think of light also as a particle: a fundamental unit of light is called a photon. They are electrically neutral particles.
END OF BOX
You know electrons are the particles that are found in atoms that make up ordinary matter. There are two more particles called muons and taus, that are heavier versions of electrons. They have been observed, but do not form matter. In fact, they simply decay into the lighter particles, eventually becoming electrons, and emitting neutrinos.
In comparison to electrons, we understand very little about neutrinos. We do not even know how much they weigh even after knowing its existence for more than sixty years. To complicate matters further, there are actually three known types of neutrinos. Each one of them is associated with the charged particles electron, muon and tau. These are called  electron-neutrino, muon-neutrino and tau-neutrino. Collectively these are called three flavours of neutrinos.
BOX Antiparticles
Every particle comes with an anti-particle with the same mass but opposite charge. For example, a positron is the anti-particle of the electron with +1 charge. Positrons are used in PET scans (PET stands for Positron Emission Tomography). Particles which are charge-neutral, like photons, can be their own anti-particle. Since neutrino  is charge neutral, in principle it can be its own antiparticle. This is a question for which we do not know the answer yet.
END OF BOX
Solar neutrinos
The neutrinos are produced in almost all the cosmological processes, including during the Big Bang when the Universe was formed. For us earthlings, the most important source of neutrino is our own Sun, the so called solar neutrinos. Approximately about 70 billion solar neutrinos pass through every cm square of area on Earth every second! That means, if you put out your thumb, about 40 billion neutrinos from the Sun are passing through it every second. During the day, and night!
These neutrinos are emitted during the energy production in stars such as our Sun through fusion of nuclei. For instance, hydrogen atoms fuse to form helium atoms in the core of the Sun. This produces the heat energy which we see as sunlight, as well as the solar neutrinos. The detection of these neutrinos provided the direct experimental proof of energy production in the Sun and other stars. The picture shows how the Sun will look if we “see” with neutrinos rather than with light!
Stars and supernovae
Stars die when they run out of nuclear fuel for the fusion processes. Most stars which weigh a few times more than our Sun end in a massive explosion called a supernova explosion at the end of their lives, leaving a dense small remnant called a neutron star. During a supernova explosion, stars emit a very strong pulse of neutrinos and antineutrinos called supernova neutrinos. 
Atmospheric neutrinos
Neutrinos are produced in our own atmosphere when the cosmic rays from outer space, mainly protons and Helium nuclei, interact with the blanket of air. This interaction produces both electron and muon type neutrinos as also their antiparticles. The first detection of such muon neutrinos from Earth’s atmosphere was detected in an experiment in the Kolar Gold mines in India.
Apart from these, neutrinos are also produced in nuclear power reactors during the fission process as well as in particle accelerators when a beam is stopped by selected targets. Neutrinos of energies similar to solar neutrinos are also produced in the fission processes that are taking place in the mantle of the earth; these are called geo-neutrinos.
Neutrino oscillations
In the last part of the 20th century, it was discovered that the neutrinos exhibit a curious property called  neutrino oscillations. This means that a neutrino of say electron flavour, oscillates into another flavour (muon or tau) as it travels! It is called oscillation rather than transformation since it can later switch back into an electron neutrino. Such oscillations have been seen in neutrinos from several sources: solar, atmospheric, reactor, etc. The question is, why do neutrinos show such oscillations, while the charged particles (electron, muon and tau) themselves do not show such oscillations. We are still far from knowing the answer. But research into this problem has given insight into many properties of neutrinos. It is like when electrons were first discovered. No-one knew what use it was; the discovery was driven by human curiosity. But today we have electricity and electronics, and the internet works, based on the properties of electrons.
Neutrinos and INO
The main reason for lack of precise knowledge about neutrinos is their extreme weak interaction. This makes detection of neutrinos extremely difficult. One way of overcoming these difficulties is to build detectors which are massive (increasing probability of interaction) and locate them deep underground to reduce the cosmic ray background. Almost all the neutrino experiments are therefore located deep underground employing massive detectors. Even then a single experiment cannot probe all the properties of the neutrinos. It requires a complementary worldwide effort to discover all the unknowns. Many scientists across India are involved in setting up an experiment in India called the India-based Neutrino Observatory (INO) to study the many open issues in the field of neutrino physics. Physicists at IMSc are also a part of this on-going effort.
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