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ABSTRACT
The discrete energy spectrum that determines the optical properties of individual quantum dots, and the ability to initialize and control a single-carrier spin, make them one of the most promising platforms for quantum information processing and transmission. Quantum dots emitting in the telecommunication range are particularly important because they enable the use of the existing fiber-optic infrastructure to transmit quantum information. A key requirement for using quantum dots in these technologies is long coherence times of the carriers and their spins. The processes that lead to coherence loss depend on both the properties of the dots themselves and their interactions with the environment; therefore, understanding and controlling them is crucial for applications in quantum technologies.
The subject of this doctoral dissertation is the analysis of the coherence of carriers and carrier spins confined in single quantum dots emitting in the third telecommunication window and the assessment of their suitability for applications in quantum information processing. In this work, 
I investigated quantum dots in the InAs(P)/InP material system, grown using various epitaxial methods in the Stranski-Krastanov growth mode. 
Prior to the main experiments, the basic optical and magneto-optical properties of the quantum dots were characterized, enabling the identification of exciton complexes and the determination of their g-factors. The information obtained was subsequently used to study carrier coherence via two-photon interference in a Hong-Ou-Mandel setup and carrier spin coherence using the Hanle effect. It was investigated how the observed photon indistinguishability depended on the time interval between successive excitation processes and on excitation power. The carrier decoherence time was determined, and the effect of excitation conditions on the observed coherence was analyzed. The spin dynamics of a single carrier was studied using the Hanle effect, which allowed for the determination of its spin dephasing time in a single quantum dot. The dependence of the dephasing time on temperature was also investigated. These results allowed for the determination of how experimental conditions influence single-carrier spin decoherence and the identification of mechanisms that may be responsible for the observed coherence loss.
Comparison of structures obtained using different epitaxial growth methods indicates that the growth method itself does not determine the optical and spin properties, and the obtained parameters are comparable. The results demonstrate that single quantum dots emitting in the third telecommunication window emit single photons and maintain optical and spin coherence. These results indicate their potential as quantum light sources and components of future quantum information processing systems.
