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Background 

Quantum Dots are “artificial atoms” created in semiconductors.   

 
Quantum dots are islands in the nanoscale regime, made of a semiconductor material and embedded in a different 

semiconductor host material, with a slightly different lattice constant. The small size of the quantum dot leads to 

quantum confinement, making the energy levels of the electrons in the dot sharp. This is an unusual feature for a 

solid –state system, and offers many attractive features in terms of quantum control. The scattering channels 

present in a bulk semiconductor are suppressed, and the system behaves in many ways like an atomic system (thus 

the term ‘artificial atoms’). However, the underlying solid state nature of the system offers various advantages 

over an atomic system, and at the same time significant challenges in the optical control. So far, very impressive 

control has been achieved experimentally, but many challenges still remain. Theoretical input is necessary to 

further advance the state of the art of the quantum control in such system. Research in this field includes elements 

from various subfields, such as quantum optics, light-matter interactions, semiconductor physics, and quantum 

information theory.    

First Year Project 

The project you undertake in the second half of your first year will begin with you learning the basics of how 

quantum dots are manipulated by magnetic fields, external electrical potentials and by optical laser pulses which 

can created “excitons” – short lived electron-hole pairs which recombine to emit photons. The versatility of the 

controlled quantum dynamics which can be achieved opens a wide variety of possibilities for using these objects in 

quantum information processing.  For this short project the main goal will be for you to learn how to find the 

desired parameters to create adjacent (coupled) quantum dots with a wide variety of different types of localized 

and delocalized eigenstates, and to obtain a thorough understanding of the large range of energy scales which 

arise when considering these objects. 

PhD Project 

The PhD project will involve exploring a large number of interesting phenomena which can be observed using 

quantum dots. These include: (i) Manipulating the state of the large number  of nuclear spins using the electron in 

the dot as a  single-qubit controller (ii) Making the quantum dots emit strings of entangled photons in special 

entangled states known as cluster states (particularly interesting for quantum computing) (iii)  Understanding 

decoherence beyond the markovian assumption which is made in nearly all of physics  

This project will involve understanding a wide variety of quantum phenomena which are actually being observed 

experimentally at the moment. Much of the work will be directly motivated by ongoing experiments.  Travel to the 

collaborators for some short term visits will be essential.  


