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REQUIREMENTS (SUBJECTS THAT ARE ASSUMED TO BE KNOWN)

- Quantum physics (Matrix and wave quantum mechanics)
- Quantum computation
- Laboratory on quantum computation
- Quantum optics

OBJECTIVES

CB6. To possess and understand concepts and ideas that provide a basis or opportunity to be original in the
development and/or application of ideas, often in a research context.
CB9. That students know how to communicate their conclusions and the ultimate knowledge and reasons that support
them to specialized and non-specialized audiences in a clear and unambiguous manner.
CB10. That students possess the learning skills that will enable them to continue studying in a manner that will be
largely self-directed or autonomous.
CG2. Knowledge of scientific and technical subjects that enable them to learn new methods and technologies, as well
as to
be highly versatile in adapting to new situations.
CG4. Ability to solve scientific and technological problems that may arise within the framework of the applications of
quantum technologies in various fields of physics and engineering.
CG5. Ability to use the theoretical and practical knowledge acquired in the definition, approach and resolution of
problems within the framework of the exercise of their profession.
CG6. Ability to develop new products and services based on the use and exploitation of new quantum technologies.
CG7. Ability and knowledge to enable the enrolment in specialized studies at the PhD level, either in related fields of
physics or in the various branches of engineering.
CE2. Ability to apply the concepts of quantum mechanics and its postulates to various quantum problems and systems
of technological interest.
CE3. Ability to use the main formalisms and more common mathematical tools from quantum mechanics.

DESCRIPTION OF CONTENTS: PROGRAMME

1. Introduction to Open Quantum Systems
   - Closed vs open systems
   - System and subsystem
   - Properties of density matrix
2. Open system dynamics
  - Kraus operators and quantum maps
  - Gorini-Kossakowski-Sudarshan-Lindblad equation
3. Decoherence of a qubit
4. Quantum thermodynamics
  - Heat, work and entropy
5. Quantum refrigerators and engines

LEARNING ACTIVITIES AND METHODOLOGY
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AF1. Theoretical classes.
AF2. Practical classes.
AF3. Computational practical sessions.
AF4. Group work.
AF5. Student individual work.
AF6. Midterm and final exam.
MD1. Class presentations by professor using electronic and audiovisual resources to convey the main key concepts of
the subject, providing relevant bibliography to complement the learning by the students.
MD3. Resolution of practical cases in an individual or group manner.
MD4. Class presentation and discussion, chaired by the professor, of topics related to the subject.
MD5. Individual or group work and reports.

ASSESSMENT SYSTEM

SE1. Class attendance and participation (5%)
SE2. Individual or group works and reports done during the course (35%)
SE3. Final exam (60%)

% end-of-term-examination/test: 60

40% of continuous assessment (assigments, laboratory, practicals…):

BASIC BIBLIOGRAPHY

 - H.-P. Breuer, F. Petruccione  The Theory of Open Quantum Systems, Oxford, 2007

BASIC ELECTRONIC RESOURCES

 - D. A. Lidar . Lecture Notes on the Theory of Open Quantum Systems: https://arxiv.org/pdf/1902.00967.pdf

 - S. Vinjanampathya, J. Anders . Quantum Thermodynamics: https://arxiv.org/pdf/1508.06099.pdf
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