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Exact Calculation of Resonant States of the Liouvillian of Open Quantum Systems
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Study of time evolution of open quantum system is of great importance to various fields of physics because a
nanodevice connected to leads of quantum wires as well as unstable nuclides are typical examples of open quantum
systems. We here analyze the time evolution of open quantum systems according to the Schrédinger equation and
the Liouville-von Neumann equation, which are fundamental equation governing the time evolution of quantum
systems. We first make clear that they can have time-reversal symmetry breaking solutions in spite of the fact that
the equations themselves are time-reversal symmetric. We next show that, out of the time-reversal symmetry
breaking solutions, we always have decaying solutions when we solve the initial boundary condition problem of
these first-order differential equations. We also develop a numerically rigorous method of finding the eigenvalues
of the time-reversal symmetry breaking solutions. The time-reversal symmetry breaking solutions of the
Louville-von Neumann equation may explain the increase of the entropy in the level of microscopic description of

quantum dynamics.
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