	Titlepage
	Abstract
	General Audience Abstract
	Dedication
	Acknowledgements
	List of Figures
	List of Abbreviations
	List of Tables
	Introduction and overview
	Basics of quantum spins in semiconductor systems
	Self-assembled quantum dots: Growth and charges
	Electronic band structure and selection rules 
	Valence state structure: Light and Heavy holes
	Optical selection rules 

	Quantum dot molecules
	Growth procedure
	Molecular states in QDMs
	Hole spin mixing in quantum dot molecules and scalable structures


	Quantum information processing with quantum dots
	Quantum dots as sources of single-photon emission
	Measurement-based quantum computation and quantum networks 
	Graph states and cluster states

	Generation of cluster states from quantum dots 
	Lindner-Rudolph protocol 
	Experimental demonstration of a one-dimensional cluster state 
	Time-bin protocols
	Generation of cluster states from quantum dot molecules


	High-fidelity control in -systems with leakage
	Motivation
	Overview of the system
	DRAG formalism with coherent population trapping
	Discussion and Conclusion
	Coherent population trapping
	Mathematical derivation of DRAG solutions

	Nuclear spin problem in quantum dots
	The nuclear spin problem
	System and Hamiltonian
	Nuclear spin-flip rates and kinetic equation
	Effective dynamical map for one nuclear spin
	Single-nucleus flip rates
	Multi-nuclear flip rates
	Kinetic equations for multi-nuclear spin polarization distributions

	Nuclear polarization distribution and feedback
	Steady-state polarization distributions
	Feedback on electron spin

	Conclusions
	Kraus operators for optical pumping of the electron
	Electron spin steady state

	Magnetic impurities in topological insulators
	Topological band theory and Z2 topological insulators
	The Chern invariant 
	Z2 topological insulators 
	Realization of 2D topological insulators in HgTe/CdTe 

	Magnetic impurities and backscatterings: Motivation
	Hamiltonian and symmetries
	TI ring in a magnetic field
	Spin conservation and generalized time-reversal symmetry

	Spin-1/2 impurity
	Arbitrary-spin impurity
	Multiple impurities
	Spin current and entanglement entropy
	Probability and spin currents
	Entanglement entropy of nuclear spin and electron

	Origin of flat bands and parameter dependence for spin 1/2 impurity
	Conclusion
	Generalized time-reversal relations for spin 1/2 impurities
	Transmission and reflection amplitudes for square impurity barrier
	Generalized time-reversal relations for spin 1 impurities

	Conclusion and outlook
	Bibliography

