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The study of dissipative systems in quantum theory is of strong theoretical interest
and of great relevance in practical applications. As a matter of fact, any microscopic
system is always embedded in some macroscopic environment and therefore it is
never really isolated. Dissipation effects play a relevant role in high energy physics
and in the early universe physics, in the vacuum structure in the presence of
gravitational background, as well as in condensed matter physics, in phase transition
phenomena, and in general in quantum field theory at non-zero temperature. Also, the
squeezed states of light entering quantum optics can be identified, up to elements of
the group of automorphisms of SU(1, l), with the states of the damped quantum
harmonic oscillator. A major difficulty that appears in the study of dissipative
systems in quantum mechanics is that the canonical commutation relations are not
preserved by time evolution due just to damping terms. Then one introduces
fluctuating forces in order to preserve the quantum mechanical consistency, namely
the canonical structure. Another way to handle the problem is to start from the
beginning with a Hamiltonian that describes the system, the bath, and the system-bath
interaction. Subsequently, one eliminates the bath variables which originate both
damping and fluctuations, thus obtaining the reduced density matrix. Some aspects of
dissipation in quantum field theory can be studied by starting from the example of the
quantum mechanical damped harmonic oscillator. One can show that the set of states
of the system splits into unitarily inequivalent representations of the canonical
commutation relations. At quantum level the irreversibility of time evolution is
expressed as tunneling among the unitarily inequivalent representations. Statistical
and thermodynamic properties of the formalism are analyzed and canonical
quantization is shown to lead to time dependent SU( 1, 1) coherent states, well known
in high energy physics as well as in quantum optics and thermal field theory. As a
consequence, the doubling of the algebra, realized in terms of Hopf deformed
algebra, is intimately related to the gauge structure of the theory. Coherence appears
then to be the basic dynamic law, supporting the transition from the micro to macrophysics, the change of cardinality, fractal structures and the emergence of the arrow
of time. One can also show that the dissipation term in the Hamiltonian for a couple
of classical damped–amplified oscillators manifests itself as a geometric phase and is
actually responsible for the appearance of the zero point energy in the quantum
spectrum of the 1D linear harmonic oscillator. Moreover, it appears that quantum
dissipation induces, in the plane of the forward and backward motions, a
noncommutative geometry, as an effect of phase interference, which is closely
analogous to the Aharonov–Bohm effect. Indeed one finds that the quantum
interference phase between two alternative paths in the plane (as in the Aharonov–

Bohm effect) is determined by the noncommutative length scale and the enclosed
area between the paths. This in turn provides the connection between the
noncommutative length scale and the zero point fluctuations in the coordinates. The
links we establish between noncommutative geometry, quantum dissipation,
geometric phases and zero point fluctuations, may open interesting perspectives in
many sectors of quantum physics, e.g., in quantum optics and in quantum computing,
in theoretical computer science or whenever quantum dissipation cannot be actually
neglected in any reasonable approximation. In some aspects, our work has been
inspired by ’t Hooft proposal according to which information loss in certain classical
systems may lead to “an apparent quantization of the orbits which resembles the
quantum structure seen in the real world”. Our work may thus also play a role in the
’t Hooft proposal of the interplay between classical deterministic systems with loss of
information and quantum dynamics in view of the established relation in that frame
between geometric phase and zero point energy.
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