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Teaching methods

Lectures by the teacher (including recording). 

Prerequisites

Undergraduate quantum mechanics (chemistry/physics majors are fine)

Linear algebra at undergraduate level

Calculus at undergraduate level

Concepts:
Advanced knowledge of the field of quantum coherence, communication and computing. Specifically we will focus on nano-engineered systems for quantum information applications.
Learning outcomes: On successful completion of this module, students should be able to:

· Classify the advantages and disadvantages of different engineered quantum nano-systems. 
· Calculate basic properties of different quantized nano-systems and estimate sensitivity to noise and measurement. 

· Critically read and review current literature of nanosystems applied to quantum information processing systems - single photon sources and quantum computing architectures. 

· Solve analytically and numerical simulations of diverse electronic and optical nano-engineered systems for quantum information.
Course Description  (Abstract)
Quantum information processing is a remarkably broad and interdisciplinary field, where internal coherence of isolated systems is utilized for communication, sensing and ultimately computation. Nano-engineered systems are the critical next step in this field – leading to single photon sources, interaction and detection at new levels. More fundamentally, the question of macroscopic quantum coherence in such systems emerges – where is the quantum information stored in the many-body state? We will focus on superconducting devices and learn how to quantize electrical circuits. Advanced topics will deal with esoteric states such as topological insulators and quantum biology.
Content

1. Single electron physics

a. Band structure 

b. Quantum confinement and quantum dots

c. Optical properties of heterostructures

2. Fundamentals of quantum optics

a. Quantum coherence - Rabi oscillations, density matrices and decay mechnanisms

b. Coupling systems – Jaynes-Cummings, Purcell effect

3. Vacancies and doping physics – Magnetic and optical properties of rare-earth doped crystals as an example.

4. Superconductivity

a. Second quantization and BCS theory

b. Josephson tunnelling and the AC and DC Josephson effects

c. Semi-classical Josephson devices – amplifiers and SQUIDS

5. Interface physics 

a. Andreev bound states

b. Interface states and coherence

6. Quantum superconducting electronics

a. Quantizing the circuit
b. Dealing with noise – fluctuation/dissipation

7. Advanced topics

a. Topological insulators and their coherence

b. The quantum-biology controversy

Assessment

Problem sets as homework during the semester and a final exam at the end of the semester.
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