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Ground states of quantum interaction systems are investigated. By means of functional
integral representations quantum systems are studied in non—perturbative way. We show
the existence and absence of ground states of the so—called Nelson model defined on a
Lorentz manifold, we remove the UV cutoff by means of micro—local analysis. The asymptotic
completeness of the Pauli-Fierz model defined on an indefinite Hilbert space is also
established. We investigate enhanced bindings. We specify the no—binding regime of the
Pauli-Fierz model and show the enhanced binding of the relativistic Nelson model. We next
consider functional integrations. The heat semi—group generated by the relativistic
Schroedinger operator with spin 1/2 is represented in terms of Brownian motions, Poisson
processes and subordinators. By this we can derive a non—trivial energy comparison
inequality. Moreover we extend this path integral representation to the Bernstein
functions of the Laplacian, and apply this to a spin—boson model to show the uniqueness
of the ground state. We furthermore succeeded to construct an infinite volume limit of
the Gibbs measure with double stochastic integral as potential.
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