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Thesis Abstract

Positive maps acting on algebra of operators find several applications in physical problems. Quantum
information theory provides an appropriate platform to study the theory of positive linear maps. It stands like one of
the pillars of the foundation to study the theory of bipartite quantum entanglement and the dynamics of an open
quantum system. In this thesis the theory of positive linear maps has been studied from both of these aspects.

The connection between theory of bipartite entanglement and positive linear maps has been explored further. A
new family of positive maps acting on operators over three dimensional complex Hilbert space has been proposed. This
class of positive maps contains an indecomposable subclass which can detect a family of bound entangled states.
Entanglement witness constructed out of this positive indecomposable map has been shown to be weakly optimal. By
constructing a class of completely positive maps a new two qutrit bound entangled state is generated which can not be
detected by several other positive indecomposable maps.

We further study the theory of positive linear maps from the aspect of dynamics of open quantum system. A
resource theoretic framework for quantum non-Markovianity has been constructed. Under certain conditions the
resource theory has been shown to be convex. A measure of non-Markovianity has been proposed and it has been
shown to be lower bounded by the famous RHP measure of non-Markovianity. The idea of robustness of non-
Markovianity, which is important from operational perspective, has been developed. The idea of linear non-
Markovianity witness has been conceptualized under certain condition by exploiting the geometric structures of
Markovian operations. Construction of linear non-Markovianity witness has been shown in several ways. The role of
two qubit maximally entangled states in detecting qubit non-Markovianity has been discussed for various channels. The
structure of Markovian operations has been explored further to prove the existence of non-linear non-Markovianity
witness.

Finally quantum non-Markovianity has been studied in the backdrop of resource theory of purity and
thermodynamics. The main motivation is to study interconversion of various resources. Lindblad operators
corresponding to an unital operation have been characterized completely. The role of non-Markovianity to drive the
system away from its equilibrium has been established. The results have been validated through a spin-bath model.
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