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BANEOEE

In this thesis we have investigated three areas related to the implementation of QIP.
As a starting point we argued that distributed approaches constitute the most
promising route toward a scalable quantum computer, already allowing for nontrivial
applications to be realized experimentally at the time of writing. We also pointed at
the potential advantages of the cluster state model for information processing. This set

the framework for the results obtained.

Having chosen the qubus scheme as a physical realization, in the third chapter we
looked at the effects of dissipation on the bus. First we generalized previous work on
dissipation during dispersive interactions. These interactions led to the conditional
rotation which is one of the center pieces of the qubus proposal. We found that as well
as causing decoherence in the qubit interacting with the bus, dissipation induces a
known conditional phase on the qubit. This problematic phase is a function of the
amount of loss incurred by the probe as well as its initial amplitude. We followed the
entanglement dynamics between the bus and the qubit and found that the larger the
initial amplitude of the probe the larger the maximum entanglement and the lower the

entropy of the combined state at the entanglement peaking time.

The decoherence process corresponds to a phase-flip channel which can be combined
with the phase-flip channel induced by inter-cavity loss. This enabled us to
characterize the effects of loss in the complete measurement-free CZ gate. We obtained
the quantum operations induced and their effect on the fidelity and entanglement of
output states. These operations are essential to the development of a large scale
architecture containing levels of error correction. We found that in the presence of
moderate loss the gate operated with a high fidelity and that a simple reversal of the
gate made the errors balance out to being independent single qubit phase-flip channels.
This is the simplest quantum operation one could conceive of in this situation and
could potentially simplify error correction on higher levels. Overall we find that
dissipation in the bus leads to a well understood dephasing of the qubits and provide a
general approach to characterizing decoherence effects in quantum bus schemes,

through the calculation of overlaps.

In the fourth chapter we applied the qubus scheme to the distributed generation of
cluster states of matter qubits. Keeping a simple homodyne measurement, we proposed
a three qubit gate working with probability 3/4. This increase in probability past the

1/2 limit is crucial, as it allows us to generate cluster states in a truly scalable fashion.



The improvements over previous proposals are significant. At this point we came to
understand the importance of strategies for the probabilistic growth of cluster states.
This led us to provide two new view points on cluster growth, independent of the
physical realization. In the large flow approximation we obtained the optimal
strategies for various cluster state lengths, which in other circumstances is a
particularly tough problem solve. Coming back to the discrete growth of a single
cluster we introduced absorbing Markov chains. We found that for a large range of
probabilities, two-qubit pumping was the optimal pumping strategy, however we also
found that strategies could be layered to improve their performance. These results
introduce new tools and perspectives to cluster growth studies and have the potential

to be extended to context dependent strategies.

Finally in the fifth chapter we addressed the important issue of composite system
transmission. This application is vital for distributed approaches to QIP and also for
cluster state quantum computing in the case that the preparation and measurement
regions are istinct. We provided simple protocols for the deterministic transfer of
states of arbitrary dimension via a single bus. We discussed in detail the cases of
two-qubit and two-qutrit transmission, finding the interactions leading to a maximally
entangling mapping. As a closing point the qubus scheme, or the use of a CV bus,
proved to be a natural framework for the physical realization of such protocols. Overall
these results illustrate the potential applications of higher dimensional buses and
points to their use in increasing the information processing power by accelerating data

transfer and entanglement distribution.
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