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Lecture 6

QUANTUM CHANNELS

Stéphane ATTAL

Abstract This lecture is devoted to some of the most important tools in
the theory of Quantum Open Systems, that is, quantum channels, com-
pletely positive maps, and theix/Krauss representations. We discuss dilations
and physical examples of quantum channels, but also non-uniqueness of the
Krauss representation. We show the close relation between completely pos-
itive maps and dual maps of quantum channels. We end this course by ex-
hibiting a close parallel with the situation of dynamical systems and classical
Markov chains.

We assume the reader is familiar with the basic axioms of Quantum Me-
chanics, with their extension to bipartite quantum systems, with density ma-
trices and the way they are obtained as partial traces of pure states on larger
systems (see Lecture 5 if necessary). The usual mathematical and physical
literature, cither deal with only the finite dimensional case or the general
setup of C*-algebras and von Neumann algebras. We have chosen to stick
to a setup in between, that is, operators on Hilbert spaces, but eventually
infinite dimensional Hilbert spaces.
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