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Abstract

Since the inception of lattice QCD, significant effort has been invested into ex-
ploring hadronic spectra, both to shed light upon the nature and properties of
various states, and to test the validity of the methodology itself. Critical chal-
lenges in this endeavour are the judicious selection of interpolating operators, and
the choice of calculation paradigm within which these operators are utilised to
extract observables.

In this thesis both of these challenges are addressed. Focusing on the topical
nucleon sector, various local five-quark interpolating fields are introduced and
spectroscopic calculations are performed with them. These local multi-hadron
operators of interest give rise to diagrams that contain loop propagators that
necessarily require a different calculation recipe. Stochastic estimation techniques
are utilised to evaluate these propagation amplitudes, and a method to smear
these propagators is developed.

The variational method for extracting hadronic excitations is then examined
by producing spectra with a variety of operator bases. Fitting a single-state
ansatz to the eigenstate-projected correlators is demonstrated to provide robust
energies for the low-lying spectrum that are essentially invariant despite originat-
ing from qualitatively different bases.

In the negative-parity nucleon sector, the introduction of local five-quark op-
erators permits the extraction of a state consistent with the S-wave m N scattering
threshold, while in the positive-parity channel the excited state spectrum remains
essentially unchanged under the addition of the local five-quark operators. De-
spite the use of multiple five-quark operators with qualitatively different quark,
~v-matrix and parity structures, the overlap of local five-quark operators with
five-quark scattering states is found to be low.

Non-local five-quark interpolating fields are then introduced, and stochastic
noise minimisation techniques are developed in order to combat the computa-

tional difficulties introduced by these operators. Explicitly projecting momenta
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onto single-hadron pieces of these non-local multi-hadron operators is known to
provide significantly enhanced overlap with scattering states and as such we per-
form this projection enabling a presentation of a proof of principle calculation in
the negative parity nucleon sector.

Furthermore, the calculation methodology and associated algorithms to eval-
uate correlators directly from n-quark operators are developed with a high degree
of generality, forming the basis for a rich spectrum of future work in a wide variety

of channels.



Declaration

I certify that this work contains no material which has been accepted for the award
of any other degree or diploma in my name, in any university or other tertiary
institution and, to the best of my knowledge and belief, contains no material
previously published or written by another person, except where due reference
has been made in the text. In addition, I certify that no part of this work will, in
the future, be used in a submission in my name, for any other degree or diploma
in any university or other tertiary institution without the prior approval of the
University of Adelaide and where applicable, any partner institution responsible
for the joint award of this degree.

I give consent to this copy of my thesis when deposited in the University
Library, being made available for loan and photocopying, subject to the provisions
of the Copyright Act 1968. I acknowledge that copyright of published works
contained within this thesis resides with the copyright holder(s) of those works.

I also give permission for the digital version of my thesis to be made available
on the web, via the Universitys digital research repository, the Library Search
and also through web search engines, unless permission has been granted by the

University to restrict access for a period of time.

Adrian Leigh Kiratidis



Acknowledgements

First and foremost, I'd like to thank my supervisors Derek Leinweber and Waseem
Kamleh for their exceptional guidance, encouragement and patience throughout
my PhD candidature as well as during my MPhil studies. During this time they
have constantly made time for me in their busy schedules, always provided clear
explanations and have seemed a never ending source of good ideas. Without them
none of this would have been possible, so to that end I owe them greatly.

I'd also like to thank Derek for his financial support toward the end of this
work, while I searched for particularly elusive bugs in my rather large piece of
correlation function generation software, “cfgen”.

The Adelaide CSSM lattice collaboration’s software package “cola” was used
extensively in this research, and I'd therefore like to mention it’s author, Waseem
Kamleh.

Throughout my years as a research student I've had the privilege of collabo-
rating with many fellow researchers. In particular, conversations with, and ideas
provided by Zhan-Wei, Finn and Tony Thomas have proved invaluable.

To the guys in the office that I've been lucky enough to share the PhD expe-
rience with, Daniel, Ben O., Alex, Finn, Sam, Ryan and everybody else, thanks
for all the informative and thought provoking discussions, both on physics and
non-physics related topics. They were of great help in both aiding my physics
understanding and making the journey enjoyable. I also owe thanks to Silvana
and Sharon in the CSSM office for everything that they do.

The PhD experience has also provided a wide range of opportunities to par-
ticipate in activities not directly related to my research. Of particular note were
the simulations Derek and I produced analysing the flight paths of various FIFA
world cup soccer balls. These results will be published in a sports science journal
shortly.

Finally I'd like to thank my family and friends for their support, encourage-

ment and understanding. In particular I owe a special thanks to my parents, who

Xiv



LIST OF TABLES XV

not only have supported and encouraged me over the course of my education but
have greatly assisted in removing financial and logistical issues from my life for
which I am greatly thankful. It is therefore to them, that this thesis is dedicated.



	TITLE: Spectroscopy with Multi-Hadron Interpolating Operators in Lattice Quantum Chromodynamics
	Contents
	List of Figures
	List of Tables
	Abstract
	Declaration
	Acknowledgements


