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Abstract:

The study of light—matter interaction in nanoscale systems is a fundamental aspect of research in
nano-optics and nanophotonics. In this field, metal nanoparticles, quantum dots, and biomolecules
are recognized as key building blocks of nanoscale structures, with applications in optical detectors
and spectroscopy, imaging techniques, biosensors, and other optoelectronic and sensing
technologies. In this thesis, the nonlinear optical properties of hybrid nanosystems are investigated,
with particular emphasis on the two-photon and three-photon absorption cross-sections of quantum
dot-metal nanoparticle heterodimer and heterotrimer structures. In addition, the nonlinear optical
response of a hybrid system consisting of a quantum dot coupled to DNA molecules and plasmonic
nanoparticles or nanoshells is studied in the presence of laser fields, including a strong control
field and a weak signal field. In the theoretical model, semiconductor quantum dots are considered
as quantum systems, and the vibrational degrees of freedom of the DNA molecules are
incorporated into the system Hamiltonian through effective vibrational modes. The interactions
among the quantum dot, DNA molecules, and plasmonic nanostructure are then investigated
within the framework of the Heisenberg equations of motion. Using this approach, under the
rotating wave approximation, the third- and fifth-order nonlinear optical susceptibilities, as well
as the corresponding contributions to sideband generation, are studied. The effects of various




system parameters, including nanoparticle size, intercomponent separation, and control-field
intensity, on the optical response of the system are shown and investigated. The results
demonstrate that the nonlinear optical response of hybrid nanomolecular systems can be controlled
through the geometric and dynamical engineering of their constituent components.




