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Brief description:

Here the aim is to study the role of quantum correlations such as squeezing in the context of open
quantum systems.

Outcome:

Quantum correlations occupy a central position in the quest for understanding and harvesting the power
of quantum mechanics. Here, we study quantum correlations in nonclassical states such as multiphoton
squeezed state, from the prospective of a practical interface between quantum optics and quantum
information processing. One of the principle tasks of the project is to study quantum correlations in non-
classical states from the prospective of an interface between quantum optics and quantum information.
Further, the effect noise on these systems needs to be understood. This is addressed here by a careful
investigation of non-classical features in a physical system comprised of a cavity with two ensembles of
two-level atoms. Noise causes the transition from quantum to classical behavior and manifest itself in the
form of irreversible processes such as decoherence and dissipation. From the perspective of the
implementation of any quantum information task, it is important to consider the role of noise on the
chosen task. We study the contribution of decoherence to quantum cryptographic tasks. Further, a number
of features of quantum information processing including quantum correlations, are studied using non-
Markovian noise channels, i.e., channels endowed with memory, are used.
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Brief description:

The

aim is to test the foundations of quantum mechanics in high energy physics experiments, such as

those probing various facets of neutrino oscillations. This is aimed at exploring and expanding
the territory at the interface between Quantum Information and Particle Physics with advantageous

imp

lications for both the fields.

Outcome:

The foundations of quantum mechanics are usually studied in optical or electronic systems. In
such systems, the interplay between the various measures of quantum correlations is well
known. Due to the technical advances in high energy physics experiments, such as the short
and long baseline neutrino experiments, it will be fruitful to test the foundations of quantum
mechanics in such systems. The phenomenology of neutrinos from a quantum information
point of view is studied. The project brings together distinct expertise such as the one on
quantum foundations in the meson and hyperon system (Austria) and quantum foundations in
the neutrino system (India). The aim of this collaboration is to come up with concrete proposals
on how to probe the foundations of quantum mechanics at the current and planned accelerator
facilities in addition to theoretical insights into the phenomenology of these fascinating
particles. This is particularly timely since the newly built accelerator facilities are designed to
look for these effects. It is proposed to probe the foundations of quantum mechanics in
neutrinos, by studying the relation between a numbers of measures of quantum correlations in
the context of neutrino oscillations, for natural as well as man-made experimental scenarios
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Brief description:

The aim of this project was to provide a graph theoretical dictionary to quantum mechanics.

Outcome:

Quantum mechanics deals with states living in the Hilbert space, allowing for linear superposition to be
built up, a facility of immense importance for harnessing the power of quantum mechanics, but at the
same time making it computationally a formidable task. This can be most easily appreciated by
considering entanglement in higher dimensions as well as in multi-partite systems, all mathematically
and computationally very formidable tasks. Any tool that would aid in this regard would be very
welcome. The theory of graphs is a well-developed mathematical theory that has found many
applications in diverse areas. Graphs have, by their very construction, the inbuilt feature of visualization.
A pertinent question to ask is whether graphical representation of quantum states can be made? This
would enable the incorporation of the mathematical machinery of graphs into the problems of quantum
mechanics and at the same time bring in the attractive feature of visualization of quantum states.
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Brief description:

This project is aimed at finding novel signatures to deviations from the Standard model. Further, a
study was made of various facets of quantum correlations in meson systems.

Outcome:

The Standard Model (SM) of High Energy Physics is a theory concerning the electromagnetic, weak, and
strong interactions, which mediate the dynamics of the known subatomic particles. While almost all
predictions of this model are consistent with data, it is surely not a complete theory of fundamental
interactions. Just a few of the many reasons for this statement: that it does not comprehend gravity; it
includes no dark matter candidate particles; and it fails to account for the matter-antimatter asymmetry of
the Universe. Therefore we need to look for the physics beyond the SM, which we call new physics.
Flavor physics, the detailed understanding of the relationship between three families of quarks and
leptons and the comparison between properties of matter and antimatter, is one of the most promising
ways to explore new physics, quite complementary to the energy frontier research most notably pursued
at the Large Hadron collider (LHC). It is a rich laboratory which can probe physics beyond the SM by
precision measurements that can look for the virtual production of new particles in quantum loops. In this
project, we studied observables in various new physics models such as vector quark models, Z' models,
and models with extended Higgs sector. Special emphasis will be on following observables and finding
out important correlations between them. We also made a study of various facets of quantum correlations
in meson systems.
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