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Abstract

Neutrino, meaning “the little neutral one” (in Italian) is a sub-atomic fundamental

particle. It is the most abundant particle in the universe after the photon. In 1930,

Wolfgang Pauli first postulated the existence of the neutrino to explain the conservation

of energy and the angular momentum in nuclear beta-decay. In the Standard Model

(SM) of particle physics, there are three types of neutrinos (namely electron, muon and

tau neutrino) which are electrically neutral, spin-half and massless fermions. Neutrinos

cover a wide range of energies from 10−6 eV to 1018 eV which have been detected by

different experiments – starting from detection of MeV neutrinos e.g, in nuclear beta-

decay, solar and reactor experiments to very high energy PeV neutrinos in the IceCube

experiment. In this doctoral work, we study some of the very interesting aspects of

neutrino physics from both phenomenological as well as theoretical point of view.

Last few decades have witnessed remarkable developments in the field of neutrino

physics coming from the observation of neutrino oscillation in terrestrial experiments.

Neutrino oscillation requires that at least two of the neutrinos possesses small but non-

zero mass and there is mixing between different flavors of neutrinos. Since in the SM

neutrinos are massless, the phenomenon of neutrino oscillation implies physics be-

yond the SM. The three-flavor neutrino oscillation framework containing six oscilla-

tion parameters (θ12, θ13, θ23,∆m
2
21, |∆m2

31| and δCP ) is now well established. Global

analysis of neutrino oscillation data have determined some of these parameters with

considerable precision. At the current juncture, the three unknown neutrino oscillation

parameters are the neutrino mass hierarchy (∆m2
31 > 0, known as the normal hierar-

chy or ∆m2
31 < 0, known as the inverted hierarchy), octant of the mixing angle θ23 (

θ23 < 45◦, known as the lower octant or θ23 > 45◦, known as the higher octant) and

the CP phase δCP . A major part of this doctoral work is devoted to the determination

of these unresolved parameters using different oscillation experiments.

The main obstacle for an unambigous determination of these unknowns are the

presence of parameter degeneracies which means different sets of oscillation param-

eters giving the same probability. In our study, we advocate a comprehensive way to

study the remaining parameter degeneracies in the form of a generalized “hierarchy−θ23−
δCP ” degeneracy. To analyze this, we consider long baseline neutrino oscillation exper-
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iments NOνA and T2K and atmospheric neutrino oscillation experiment ICAL@INO.

We discuss their physics reach and illustrate their synergistic effects to resolve the dif-

ferent degenerate solutions. We also explore the potential of the next generation super-

beam experiment, DUNE to determine the different unknowns in neutrino oscillation

parameters. Our study mainly focuses on the determination of the octant of θ23 and the

CP phase δCP . In particular, we emphasize on the role played by the antineutrinos, the

broadband nature of the beam and the matter effect.

Theoretically, the challange is to construct models of neutrino masses and mix-

ing which can explain the observed values of the mass squared differences and the

mixing angles. We discuss consequences of the assumption that the (Majorana) neu-

trino mass matrix Mν and the charged lepton mass matrix Ml satisfy, STνMνSν =

−Mν , T
†
l MlM

†
l Tl = MlM

†
l with respect to some discrete groups Sν , Tl contained in

A5 group. These assumptions lead to a neutrino mass spectrum with a massless neu-

trino and a degenerate pair of neutrinos and also constrain the mixing among them. We

derive possible mixing patterns considering the various subgroups of A5.

Another interesting question in neutrino physics is the existence of light sterile

neutrinos. There are many experimental evidences which seem to support such a hy-

pothesis. In this direction, we consider the “minimal extended type-I seesaw” (MES)

model which naturally gives rise to a light sterile neutrino. We focus on the texture zero

study of the various fermion mass matrices involving the charged leptons and neutri-

nos in this model. In this study, we obtain only two allowed one-zero textures in the

neutrino mass matrix, mν , namely meτ = 0 and mττ = 0, having inverted hierarchical

mass ordering. In the context of the MES model, we obtain extra correlations among

neutrino oscillation parameters which can be tested in future oscillation experiments.

Keywords: Neutrino Physics, Neutrino Oscillation, PMNS matrix, Long-Baseline

Neutrino Experiments, Atmospheric Neutrino Experiments, CP Phases, Sterile Neu-

trino, Texture Zero, Neutrino Mass Matrix, Flavor Antisymmetry, Type-I seesaw, MES

model.
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