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Abstract

An important, but also difficult, research field in condensed matter physics
is that of strongly correlated systems. This thesis considers two topics in this
field.

The first topic is disorder and frustration in spin models. The introduction
of disorder into quantum spin chains creates a complex problem. The ground
state of the random-bond spin-1 Heisenberg chain is studied by means of
stochastic series expansion quantum Monte Carlo simulation, applying the
concept of directed loops. It is found that this system undergoes a phase
transition to the random-singlet phase if the bond disorder is strong enough.
Further a frustrated spin system is investigated. The frustration is introduced
by having spins positioned on a triangular lattice. Performing a quantum
Monte Carlo simulation for such a frustrated lattice leads to the occurrence of
the infamous sign problem. This problem is investigated and it is shown that it
is possible to use a meron cluster approach to reduce its effect for some specific
models.

The second topic concerns atomic condensates in optical lattices. A system
of trapped bosonic atoms in such a lattice is described by a Bose-Hubbard
model with an external confining potential. Using quantum Monte Carlo
simulations it is demonstrated that the local density approximation that
relates the observables of the unconfined and the confined models yields
quantitatively correct results in most of the interesting parameter range of
the model. Further, the same model with the addition that the atoms carry
spin-1 is analyzed using density matrix renormalization group calculations.
The anticipated phase diagram, with Mott insulating regions of dimerized
spin-1 chains for odd particle density, and on-site singlets for even density
is confirmed. Also an ultracold gas of bosonic atoms in an anisotropic two
dimensional optical lattice is studied. It is found that if the system is finite
in one direction it exhibits a quantum phase transition. The Monte Carlo
simulations performed show that the transition is of Kosterlitz-Thouless type.
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