(Table 5.2) Course unit description

Study program: Physics

Type and level of studies: Doctoral studies

Course unit: Quantum decoherence theory

Teacher in charge: Miroljub Dugi¢/Momir Arsenijevié

Language of instruction: English

ECTS: 15

Prerequisites: Enrolled semester

Semester: summer semester

Course unit objective

The students will be familiarized with the basic concepts and fundamentals of modern decoherence
theory as well as basic models. Ubiquity of quantum correlations (entanglement in closed systems)
and decoherence for open quantum systems are the main qualitative objectives of the course.
Universal applicability of decoherence in quantum theory, quantum information and computation as
well as in all basic applications is particularly emphasized. The course is set to ease introduction to the
more general open quantum systems theory.

Learning outcomes of Course unit

The students will be able to work independently in research and in critical assessment of the others’
research results in the foundations and some basic applications of the decoherence theory. The
students will be prepared for studying the more general open quantum systems theory.

Course unit contents

Theoretical classes

Quantum measurement scheme of von Neumann (projective measurements). The Kraus operations
formalism. POVM measurements. Dynamical formation of entanglement in closed systems. Reduced
(open system) dynamics. Schmidt canonical form. Environment-induced superselection rules,
robustness of the pointer basis states and the pointer observable. ‘Predictability sieve’ method.
Simple models: Scattering of particles; von Neumann’s model of position measurement; decoherence
and measurement of a single qubit by a qubitsenvironment; Walls—Collet—Milburn measurement
model. Approximate descriptions: a master equation for scattering and the position measurement.
Ehrenfest theorems. Outlook: molecular structure.
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Number of active teaching hours
Other classes:

Lectures: ‘ Practice: ‘ Other forms of classes: ‘ Independent work:




‘ ‘ Mentor system 75 ‘ 30 ‘

Teaching methods: lectures, seminars, exercicses

Examination methods (maximum 100 points)

Exam prerequisites No. of points Final exam No. of points
Practical classes Written examination
Tests Oral examination 40
Homework 30 Other
Seminars 30
Project
Grading system
Grade No. of points Description
10 >=91 Excellent
9 81-90 Exceptionally good
8 71-80 Very good
7 61-70 Good
6 51-60 Passing
5 <=50 Failing




