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Abstract

Condensed matter systems undergoing phase transitions rarely allow exact
solutions. The presence of disorder renders the situation  even worse but
collective Monte Carlo methods and parallel algorithms allow numerical
descriptions. This thesis considers classical phase transitions in disordered
spin systems in general and in effective models of superfluids with disorder
and novel interactions in particular. Quantum phase transitions are considered
via a quantum to classical mapping. Central questions are if the presence of
defects changes universal properties and what qualitative implications follow
for experiments. Common to the cases considered is that the disorder maps out
correlated structures. All results are obtained using large-scale Monte Carlo
simulations of effective models capturing the relevant degrees of freedom at the
transition.

Considering a model system for superflow aided by a defect network,
we find that the onset properties are significantly altered compared to the
$\lambda$-transition in $^{4}$He. This has qualitative implications on
expected experimental signatures in a defect supersolid scenario.

For the Bose glass to superfluid quantum phase transition in 2D we
determine the quantum correlation time by an anisotropic finite size scaling
approach. Without a priori assumptions on critical parameters, we find the
critical exponent $z=1.8 \pm 0.05$ contradicting the long standing result $z=d
$.

Using a 3D effective model for multi-band type-1.5 superconductors we find
that these systems possibly feature a strong first order vortex-driven phase
transition. Despite its short-range nature details of the interaction are shown to
play an important role.

Phase transitions in disordered spin models exposed to correlated defect
structures obtained via rapid quenches of critical loop and spin models
are investigated. On long length scales the correlations are shown to decay
algebraically. The decay exponents are expressed through known critical
exponents of the disorder generating models. For cases where the disorder
correlations imply the existence of a new long-range-disorder fixed point
we determine the critical exponents of the disordered systems via finite size
scaling methods of Monte Carlo data and find good agreement with theoretical
expectations.
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