
Abstract

In this thesis, we discuss the investigation of solutions to the flavour problem of the

standard model based on newly proposed ideas. These ideas include the Froggatt-

Nielsen mechanism based on the ZN ×ZM flavour symmetry, and an atypical

solution based on the VEVs hierarchy. The latter solution is called the Standard

Hierarchical VEVs Model, where the different fermionic mass scales are addressed

in terms of different order parameters originating from the hierarchical VEVs. We

first present a comprehensive and thorough review of the flavour problem, tracing

back to the time when the standard model was just shaping into a robust framework.

Following this, we extensively discuss various standard mechanisms and paradigms

which are capable of providing a solution to the flavour problem. After this,

we discuss the solution of the flavour problem based on the ZN ×ZM flavour

symmetry. This symmetry allows us to implement the Froggatt-Nielsen mechanism

without introducing a gauged continuous U(1) symmetry, thus, resulting in different

phenomenological signatures. The phenomenology of the models based on the

ZN ×ZM flavour symmetry is investigated by deriving the bounds from quark

as well as lepton flavour physics data. Moreover, collider signatures of different

ZN ×ZM flavour symmetries are presented at three different hadron colliders,

the high-luminosity Large hadron Collider, the high-energy Large hadron Collider,

and a 100 TeV future collider. The flavour bounds on the parameter space of the

Standard Hierarchical VEVs model are derived, and the phenomenology of the

ALPs of the Standard Hierarchical VEVs model is discussed. Furthermore, we have

investigated collider signatures of the Standard Hierarchical VEVs model, and have

shown that a recent 95.4 GeV excess reported by the Large Hadron Collider can be

easily accommodated within the framework of Standard Hierarchical VEVs model.


