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Quantum Systems 2: Hybrid Quantum Systems

The course has three themes: Quantum Photonics, Optical Quantum Information, Matter Qubits 
and Oscillators. In addition there are two extended laboratory experiments on laser cooling and on 
photon correlations. 

Available as a standalone module/ short course?

Incl. seminars, tutorials, problem classes.

Incl. project supervision, fieldwork, external visits.

Incl. wider reading/ practice, follow-up work, completion of assessments, revisions.

Incl. work-based learning and study that occurs overseas.
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On completing this module, students will be able to:
- understand atomic quantum memories and compare various storage schemes, including analysis of optical 
cavities. 
- describe, calculate with a statistical description, and demonstrate in the laboratory aspects of optical 
detection with reference to single photon experiments.
- assemble and implement a magneto-optical trap for Rb and discuss its application to quantum phemonema.
- summarise continuous and discrete variable encodings in optical quantum information. 
- describe quantum key distribution and calculate Bell's inequality protocols for optical quantum information. 
- describe superconducting circuits as qubits, quantum dots as qubits, and contrast these with atoms. 
- explain the physics of macroscopic quantum oscillators.  

Quantum Systems 2 covers three main themes: quantum photonics, optical quantum computing, and matter 
qubits. It also includes two laboratory experiments, one on atom trapping and the second on photon 
correlations.

The three themes will be delivered by lectures. The lab experiments will be delivered as practical work, with 
support from demonstrators and the topic leader. 

A final two hour written examination provides summative assessment (60% of the overall mark). Three problem 
sheets provide summative assessment and formative assessment through detailed marking and solution 
sheets (20%). Problem sheets will be spaced through the course to coincide with each main theme, each with 
it's own feedback session. The practical laboratory work will be marked by a combination of continuous 
assessment (6%) and a written report (14%). 

Feedback will be provided by marked problem sheets and a one hour feedback session for each sheet. For 
each lab experiment a post-lab meeting will provide formative assessment. Feedback for the laboratory 
component will be provided by the demonstrators as the lab progresses.
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