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What is Honours? 

The Honours course is an advanced research program following the completion of the BSc degree. 
Honours is a full-time course (48 credit points) conducted over 37 weeks and may be commenced in 
either Autumn or Spring session. The main component of the course is a research project conducted 
within one of the UTS research groups, or jointly with an external organisation.  This will prepare you 
in aspects of planning and executing a research program to address a specific scientific or 
technological problem. In addition, two course-work subjects provide detailed knowledge in several 
areas of contemporary significance in physics and nanotechnology. The skills learnt in the Honours 
program are the appropriate starting point for a career in commercial research and development or 
for higher degree research-based qualifications. 
 
 

How to apply  

After discussing and deciding on a project with a supervisor, you will need to fill out two separate 
application forms.  
 
The first is to apply to the University; 
https://www.uts.edu.au/future-students/undergraduate/admission-requirements/application- 
process/direct-applications  
To apply for Honours in Applied Physics, use the course code C09035. 
To apply for Honours in Nanotechnology, use the course code C09046. 
 
The second application form is to apply to the School of Mathematical and Physical Sciences; 
https://www.uts.edu.au/sites/default/files/2018-09/sci-science-honours-supplementary-form-
2019.pdf 
This supplementary application form must be submitted to science.maps@uts.edu.au.  
 
Applications should be submitted by 28 November 2019 to be considered for a first round offer, but 
final round applications are accepted until 30 January 2020.  
 
For more information about Honours please contact the Applied Physics/Nanotechnology Honours 
Coordinator A/Prof Cuong Ton-That, email: cuong.ton-that@uts.edu.au.  
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Projects 

 

 

 

Project title  The interaction of a metamorphic protein with the cell 

membrane 
Name of supervisor(s) Dr Annette Dowd, Prof Stella Valenzuela 

Email address Annette.Dowd@uts.edu.au 

Project description & aims 

(250 words max, summary 
written for prospective 
students)  

Our traditional assumptions regarding the processes by which proteins 
insert into cell membranes are challenged by non-classical membrane 
proteins such as Chloride Intracellular Ion Channel CLIC1. It has the 
ability to spontaneously insert into the lipid membrane from a globular, 
soluble state but the precise mechanism remains a mystery. Knowledge 
about spontaneous membrane insertion will also have application in 
understanding some bacterial toxins which behave similarly. 

Cholesterol is known to dramatically influence the interaction of CLIC 
with the membrane, although its precise role is not known. Preliminary 
experiments suggest it forms a complex with CLIC before membrane 
insertion takes place. 

The aim of this project is to investigate any changes in the physical 
structure of CLIC when in its globular and cholesterol-complexed 
phases using small angle x-ray scattering (SAXS) data from ANSTO. 
These structures will be compared to structures determined with x-ray 
diffraction from protein crystals (solid phase) and FTIR of CLIC (solution 
phase). It may also be possible to use the SAXS-determined structure to 
analyse x-ray reflectometry measurements and establish any 
interaction of the CLIC with a lipid membrane. 
 

Techniques the student 
would be working with 

Far-IR spectroscopy (including synchrotron data), FTIR and Raman 
spectroscopy, small angle X-ray scattering (synchrotron data), data 
science, biochemical specimen preparation. 

Infrastructure and support 
required for project 
execution  

See techniques – all infrastructure is already available and in-place 
and specimen preparation techniques have been developed. 

Degree 
 

Applied Physics or Nanotechnology 
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Project title  Microstructural characterisation of coral skeletons 

Name of supervisor(s) Dr Annette Dowd, Dr Emma Camp and Prof Michael Cortie 

Email address Annette.Dowd@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

The impact of climate change on coral reef health is a subject of 
intense study however the focus has been on coral polyps (soft 
tissue). The hard coral skeleton, a biomineral known as aragonite, has 
been relatively neglected. 

There is preliminary evidence that the skeletal microstructure of a few 
coral species depends on environmental conditions although there is 
still little understanding of the underlying physical differences such as 
defects in the aragonite crystal structure. New characterisation 
techniques of coral variation will give marine biologists powerful tools 
for monitoring environmental impacts on coral reef growth. 
Moreover, variations in microstructure can have real implications for 
robustness of the coral reef. 

In this project the student will conduct a study the microstructure of 
the skeletal aragonite with several complementary spectroscopic and 
mapping techniques (see below). This will include studying recently 
acquired synchrotron data which showed anomalous low temperature 
behaviour of the biomineral. Specimens include several coral species 
collected from diverse environments by members of C3. 

 

Figure 1. SEM micrograph showing range of crystal morphologies in Seychelles coral 

biomineral skeleton by research student Anne Wright  
 

Techniques the student 

would be working with 

X-ray diffraction (including synchrotron data), SEM-EDS, FTIR/Raman 
spectroscopy, biomineral specimen preparation 

Infrastructure and support 

required for project 

execution  

See techniques – all infrastructure is already available and in-place 
and specimen preparation techniques have been developed at UTS.  

Degree Applied Physics or Nanotechnology 
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Project title  Conversion of marine structures (Nacre) to calcium 

phosphates for medical applications 
Name of supervisor(s) Dr Annette Dowd, Prof Besim Ben-Nissan, Ms Ipek Karacan 

Email address Annette.Dowd@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Marine shells are one group of biogenic materials composed of mostly 

calcium carbonate with excellent mechanical properties, essential for 

load bearing in orthopaedic applications. The conversion of seashells 

results in ceramic materials such as tri-calcium phosphates, 

hydroxyapatite and calcium phosphate ceramics, which are 

biomaterials for bone substitute and fillers. It has been shown that in 

the conversion of marine shells they retain their nano- and 

microstructures and can temporarily serve in a structural capacity for 

bone repair. 

The aim of this project is the production of hydroxyapatite from nacre 

(mother of pearl) and characterisation of the final products.  

The methods will involve hydrothermal conversion, XRD, SEM, FTIR, 
DTA/TGA and RAMAN.  Powders and solid pieces will be converted and 
tested. 

Techniques the student 

would be working with 

XRD, SEM, Hydrothermal conversion, DTA/TGA, FTIR ,RAMAN and  ICP. 

Infrastructure and support 

required for project 

execution  

All equipment available within the Faculty. Preliminary raw materials 
cost will be covered by Prof Ben-Nissan. 

Degree 

 

Nanotechnology 
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Project title  Integrated quantum spectroscopy 

Name of supervisor(s) Alexander Solntsev 

Email address Alexander.Solntsev@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

High-performance mid-infrared spectroscopy systems are complex and 
expensive due to the requirements of using broadband mid-infrared 
light sources as well as low-noise mid-infrared detection with 
sophisticated cooling. An alternative approach called quantum 
spectroscopy enables precise mid-infrared spectroscopic 
measurements, while relying on an affordable visible-range laser and 
an inexpensive visible-range camera. The trick is using two correlated 
photons (one visible photon and one mid-infrared photon) and then 
measuring the visible photon to study the mid-infrared response. So 
far, quantum spectroscopy has only been implemented in bulk optics, 
which requires complex alignment and is very sensitive to mechanical 
vibrations. Integrating quantum spectroscopy on a photonic chip is 
poised to revolutionise how high-performance mid-infrared 
spectroscopy is done in terms of both the price point and the ease of 
use.  

In this project, you will help assemble a world-first quantum 

spectroscopy setup based on an integrated photonic chip (Fig. 1). You 

will measure how well the spectroscopy works for the mid-infrared 

spectral range by utilising visible spectral range equipment. 

  

Fig. 1. Scheme of integrated quantum spectroscopy 

Techniques the student 

would be working with 

Coherent optical spectroscopy in visible and mid-infrared spectral 

ranges, microscopy, and spectroscopic numerical simulations 

(primarily using and modifying existing code in MATLAB). 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS. 

Degree Applied Physics or Nanotechnology 
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Project title  Nanoscale thermometry with diamond color-centers 

Name of supervisor(s) Trong Toan Tran, Alexander Solntsev 

Email address trongtoan.tran@uts.edu.au,  Alexander.Solntsev@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Thermometry is crucial 

across various disciplines of 

science, from fundamental 

physics to biology. The 

ability to measure 

temperature accurately at 

the nanoscale is an 

emerging field that 

promises to advance 

nanoscience and nanotechnology, paving the way for the 

development of ultrahigh density of electronic circuits or the in-depth 

understanding of biological processes down to a-few-nanometer 

scale—where conventional thermal metrology fails to offer. 

In this project, you will carry out a research in which the fluorescence 

signals from nanoscale nanodiamonds are harvested to unveil the 

corresponding local temperature of micro/nanoscale electronic 

circuitry in question. The research promises to open the door to new 

all-optical thermometry technique that can sense changes in 

temperature at the nanoscale. 

Techniques the student 

would be working with 

Nanophotonics, confocal microscopy, atomic force microscopy, 

thermometry 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS 

Degree Applied Physics or Nanotechnology 

mailto:trongtoan.tran@uts.edu.au
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Project title  Fabrication and functionalization of two-dimensional materials 
using novel plasma and electron beam methods 

Name of supervisor(s) A. Prof. Charlene Lobo, Dr. Michael Seo (CSIRO) 

Email address Charlene.lobo@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Plasma and electron beam induced chemistry involve the dissociation of 

chemical precursors using reactive plasmas or electron beams rather than 

heat (as in the more conventional techniques of chemical vapour deposition 

and molecular beam epitaxy). We have recently employed electron beam 

chemistry to achieve directed etching of the two-dimensional (2D) 

semiconductor hexagonal boron nitride (h-BN), and to study the reaction 

chemistry of phosphorene, one of the newer 2D materials. This project will 

focus on developing new precursor chemistries and techniques for etching 

and functionalization of graphene, phosphorene, MoS2, and other two-

dimensional materials.  

 

 

The honours student will have the opportunity to collaborate with a team of 

postdoctoral researchers and scientists at CSIRO, and with other students 

working on applications of the developed plasma and electron beam 

chemistries (eg, in fabrication of photonic and optoelectronic devices). 

 

Techniques the student 

would be working with 

Chemical and photochemical synthesis, x-ray photoelectron and Raman 

spectroscopy, FTIR, UV-VIS, reactive plasma techniques, electron microscopy. 

Infrastructure and support 

required for project 

execution  

This is a collaborative project with CSIRO. The student will have the 

opportunity to conduct experimental measurements and collaborate with 

researchers at CSIRO Lindfield. 

Degree Applied Physics or Nanotechnology 
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Project title  
Synthesis and biomedical applications of hybridized black 
phosphorus – upconversion nanoparticles 

Name of supervisor(s) A. Prof. Charlene Lobo, Dr. Helen Xu 

Email address Charlene.lobo@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Emerging two-dimensional (2D) materials such as hexagonal boron nitride (h-

BN) and 2D black phosphorus (BP) have unique combinations of properties, 

including direct, tunable bandgaps (in the ultraviolet and infrared respectively) 

and biocompatability. Prior studies have demonstrated that unprotected BP 

nanoparticles undergo degradation in air and in aqueous buffer solutions, 

resulting in the formation of nontoxic phosphates and phosphonates1-2. This 

project will develop methods of fabricating and functionalizing stable BP 

nanoparticles for use as biomedical sensing probes and therapeutic agents. 

Nanoparticle synthesis will be conducted using conventional wet chemistry 

methods, and the synthesized nanoparticles will then be appropriately 

functionalized to yield well-dispersed nanoparticles in aqueous media. BP 

nanoparticles will then be hybridized with upconversion nanoparticles 

(UCNPs) to yield biocompatible imaging and contrast agents (see figure and 

references below). 

 

References 
1. Lee, H. U.; Park, S. Y.; Lee, S. C.; Choi, S.; Seo, S.; Kim, H.; Won, J.; Choi, K.; Kang, K. S.; 
Park, H. G.; Kim, H. S.; An, H. R.; Jeong, K. H.; Lee, Y. C.; Lee, J., Black Phosphorus (BP) Nanodots 
for Potential Biomedical Applications. Small 2016, 12 (2), 214-219. 
2. Shao, J. D.; Xie, H. H.; Huang, H.; Li, Z. B.; Sun, Z. B.; Xu, Y. H.; Xiao, Q. L.; Yu, X. F.; 

Zhao, Y. T.; Zhang, H.; Wang, H. Y.; Chu, P. K., Biodegradable black phosphorus-based 

nanospheres for in vivo photothermal cancer therapy. Nat. Commun. 2016, 7, 13.  

Techniques the student 

would be working with 

Chemical and photochemical synthesis, confocal and UV-visible spectroscopy, 

mass spectrometry, electron microscopy, thermogravimetric analysis, among 

other techniques. 

Infrastructure and support 

required for project 

execution  

All research facilities are available in the School of Mathematical and Physical 

Sciences and the Institute for Biomedical Materials and Devices, UTS. 

Degree Applied Physics or Nanotechnology 
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Project title  Acceptor defects in Ga2O3 

Name of supervisor(s)  Cuong Ton-That, Alexander Solntsev 

Email address Cuong.Ton-That@uts.edu.au  

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

We have recently demonstrated for the first time p-type conductivity 
in Ga2O3 thin films produced by the industry partner Nanovation [“P-

type -gallium oxide: A new perspective for power and optoelectronic 
devices”, Chikoidze et al. Mater. Today Phys. 3, 118 (2017)]. This is 
unlike all previously grown Ga2O3 that has always been found to be n-
type. This is an exciting discovery as it opens the door for the 
development and implementation of a new generation of Ga2O3 based 
bi-polar devices with enhanced capabilities for high-power electronic 
devices. However, to realise the full potential of Ga2O3, a complete 
understanding of acceptor defects responsible for the p-type 
behaviour is required. Our preliminary analysis has shown that the p-
type conductivity is most likely caused by Ga vacancies. The present 
proposal aims to explore the utility of femtosecond laser and/or 
neutron irradiation to produce Ga2O3 thin films and single crystals 
with a sufficiently high concentration of acceptor defects to allow 
study of the origin of the p-type behaviour. It is anticipated that Ga2O3 
with different p-type characteristics will be fabricated after further 
plasma treatments. 

 

 
 

-Ga2O3 epilayer grown by the industry partner Nanovation 

(Nanovation.com) 
Techniques the student 

would be working with 

Femtosecond laser, neutron irradiation, plasma processing, electron 

microscopy, cathodoluminescence, photoluminescence, Raman, X-ray 

diffraction 

Infrastructure and support 

required for project 

execution  

The project will employ materials characterisation facilities at UTS.  

Degree Applied Physics 

 

 

 

mailto:Cuong.Ton-That@uts.edu.au
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Project title  Colour-tunable nanowire light emitting diodes 

Name of supervisor(s)  Cuong Ton-That, Angus Gentle, Matthew Phillips 

Email address Cuong.Ton-That@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

It is widely accepted that nanowires will play an important role in the 
design of future functional nanodevices. Our recent work has 
demonstrated that light emitting diodes (LEDs) made from Ga-doped 
ZnO nanowires exhibit a tuneable emission wavelength and superior 
electroluminescence properties. The project aims to fabricate and 
characterise LEDs from Ga2O3 nanowires, then optimise for light 
emission efficiency. In this context, oxide nanowires with specified 
electrical properties will be grown for use in the construction of LEDs. 
Detailed characterisation of individual nanowires, assembly and the 
optoelectronic properties of nanowire-based LEDs will establish 
relationships between growth, doping conditions and the 
performance of the device.  

 

 
Electroluminescence spectra of nanowire LEDs and schematic of the 

device structure 
 

Techniques the student 

would be working with 

Plasma processing, thin film deposition, TEM, infra-red absorption 

spectroscopy, electroluminescence, cathodoluminescence, 

photoluminescence, Raman, X-ray diffraction.  

Infrastructure and support 

required for project 

execution  

The project will employ nanowire growth and LED fabrication facilities 

at UTS.  

Degree Applied Physics or Nanotechnology 
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Project title  Quest for zero loss: passivated silver for plasmonic devices 

Name of supervisor(s) Michael Cortie & Matthew Arnold 

Email address Michael.cortie@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Many types of plasmonic device require the lowest possible 

‘optical loss’. In general, the elements Na, Ag, Al and Au are 

considered to have the best optical properties in this regard. 

Unfortunately, Na and Al oxidize rather rapidly. Au is inert but 

expensive and does not have the lowest loss. Ag is very attractive 

for short exposures in air (maybe hours to days) but degrades 

thereafter.  The aim of the present project is to develop surface 

passivation technologies for the Ag. This will include light pre-

oxidation, coating with a surfactant, or overcoating with a more 

reactive elements such as Mg or Al (which might oxidize 

preferentially to form a protective oxide layer). The results of the 

various treatments will be characterized using spectroscopic 

ellipsometry and electron microscopy. Mathematica models for 

the growth of the surface layers will be developed and verified.     

 

Techniques the student 

would be working with 

Physical vapour deposition, spectroscopic ellipsometry, optical & 

electron microscopy 

Infrastructure and support 

required for project 

execution  

All fabrication consumables and characterization equipment is 

available.   

Degree Applied Physics or Nanotechnology 
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Project title  Light-sound interaction in soft porous materials 

Name of supervisor(s) Dr Irina Kabakova, Prof. Christopher Poulton  

Email address Irina.Kabakova@uts.edu.au, Christopher.Poulton@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Biological materials, such as cells and tissues, are soft materials that 

consist of a solid porous network and liquid filling. The mechanical 

properties of these materials are linked to their function, and 

maintenance of appropriate elasticity levels is critical for their healthy 

life cycle. It has been recently shown that cells change stiffness with 

progression of several diseases (e.g. cancer, fibrosis etc.) Thus, it is 

important to understand the mechanisms that influence the cell and 

tissue’s stiffness and be able to control it.  

In this project, 

numerical algorithms 

will be developed to 

assist with the 

understanding of 

mechanical and acoustic 

properties of soft 

porous materials. This 

will ultimately play a pivotal role in interpretation of experimental 

studies based on opto-acoustic interactions in biological materials such 

as those using Brillouin microscopy and spectroscopy. 

This project is suitable for someone with an ability to solve problems 

using theoretical and computation approaches. Some experience in 

programming (MATLAB preferred, but other programming languages 

such as python and C++ are also appropriate). Knowledge of the finite 

element software package COMSOL is a bonus but is not required. 

Techniques the student 

would be working with 

Finite-element modelling (MATLAB, COMSOL), development of 

analytical models based on energy bounds approach  

Infrastructure and support 

required for project 

execution  

A COMSOL multi-user license is available for student and supervisors 

within full duration of the project.  

Degree Applied Physics  

mailto:Irina.Kabakova@uts.edu.au
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Project title  Simulating physics with small-scale quantum computing devices 

Name of supervisor(s) Nathan Langford, JP Dehollain and Angus Gentle 

Email address nathan.langford@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Moore’s law is dead, because classical digital electronics has hit the 

quantum regime! Quantum computing is making headlines globally 

for a new computer revolution, with major research programs at the 

world’s largest IT tech giants (Google, IBM, Microsoft, etc) and circuit 

QED (superconducting quantum electronics) is a leading platform in 

the race [Devoret & Schoelkopf, Science (2013)]. 

The first, most important application of quantum computers will be to 

perform digital quantum simulations (see Fig.) of complex systems 

[Cirac & Zoller, Nat Phys (2012)].  Here, you will study small-scale 

circuit QED simulators 

[Langford et al, Nat Comms 

(2017)], to develop 

hardware-level routines for 

industrial quantum 

computers of the future.  

Sydney is a world-leading 

quantum computing hub, 

with both research centres 

and industry groups. If you 

want a taste of a research 

or industry career in this 

exciting field, join Sydney’s only circuit QED lab for Honours. You will 

work in a new, international group of PhD students, postdocs and 

academics who are setting up a state-of-the-art circuit QED lab for 

cryogenic microwave experiments covering all necessary high-tech 

quantum science & engineering skills. Depending on taste, a range of 

projects available include: design of millikelvin quantum amplifiers 

(used across top solid-state quantum computing platforms); 

superconducting thin-film fabrication and characterisation; 

superconducting qubit design and characterisation; quantum 

experiment simulation (on-chip quantum phase transitions). 

Techniques the student 

would be working with 

Fabrication (sputtering, reactive-ion etching, lithography, etc);  

Modelling (EM field solvers, quantum dynamics, etc); Cryogenics (incl. 

dilution refrigeration); Measurement (microwave & RF analysis, etc); 

Hardware & experiment design, assembly and interfacing; and more… 

Infrastructure and support 

required for project 

execution  

Fabrication will be carried out either locally or at state-of-the-art 

clean-rooms at UNSW and USyd. The lab will provide all other project 

infrastructure (computing, microwave, cryogenics, etc). 

Degree Applied Physics or Nanotechnology 
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Project title  Electroplating for polarized infrared emission 

Name of supervisor(s) Matthew Arnold & Michael Cortie 

Email address Matthew.Arnold-1@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

The aim of this project is to develop an electroplating system 

which produces (preferably aligned) dendrites and measure their 

optical properties in the IR/THz. There are opportunities for 

equipment development and modelling.   

    

The ability to control the emission of infrared light is desirable in a 

number of applications.  We have sputtered coatings (picture left: 

Tai et al Nanotechnology 29 105702) that control the polarization 

and spread of emission, however sputtering very inefficient.  

Electroplating more suited to the thick coatings required at even 

longer wavelengths.  It is known that dendritic coatings can be 

formed (picture right: Fleury et al, Nature 416 716), but not how to 

control their orientation and shape.  We expect that this will be 

possible through modifications to an electroplating cell.  The effect 

of system parameters such as field strength and concentration will 

be explored.  Growth modelling and in-situ monitoring would 

enhance understanding of the process.      

Techniques the student 

would be working with 

Electroplating, spectroscopic ellipsometry, optical & electron 

microscopy, possibly THz spectroscopy. 

Infrastructure and support 

required for project 

execution  

All fabrication consumables and characterization equipment is 

available.  Some development of the electroplating cell may be 

required 

Degree Applied Physics or Nanotechnology 

 

 



16 
 

 

Project title  Machine learning for parameter extraction and performance 

prediction of optical systems 

Name of supervisor(s) Matthew Arnold & Angus Gentle 

Email address Matthew.Arnold-1@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Machine learning is being extensively applied by both 

manufacturers and service providers (Facebook, Google, banks 

etc).  In science there are many problems that would benefit from 

machine learning techniques.  In this project you will investigate 

the application of machine learning to the optical properties of 

materials and/or devices, to extract key physical parameters from 

data and/or explore and optimize performance.   

 

Techniques the student 

would be working with 

Machine learning; Optical simulation; Hacking together existing 

Matlab or Python libraries;  

Infrastructure and support 

required for project 

execution  

All infrastructure available locally – potential for access to National 

Computing Infrastructure. 

Degree Applied Physics 
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Project title  Dynamically reconfigurable optical surfaces 

Name of supervisor(s) Angus Gentle & Matthew Arnold 

Email address Angus.gentle@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Interest in materials and devices that can alter their optical properties 

on demand is a growing area of interest. Here you will build upon our 

group’s expertise in materials deposition and characterisation of 

thermally switchable materials to develop a system which can vary its 

optical properties on demand based on external optical or electrical 

stimulus.  

  

 

Techniques the student 

would be working with 

Sputtering, thin film deposition, Spectroscopy, ellipsometry, 

photolithography, interfacing 

Infrastructure and support 

required for project 

execution  

All equipment required is currently available in the vacuum lab. 

Degree 

(Applied Physics or 

Nanotechnology) 

Applied Physics or Nanotechnology 

mailto:Angus.gentle@uts.edu.au
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Project title  Merging data science and time-domain astrophysics using 

Australia’s most state-of-the-art telescope: The Murchison 

Widefield Array 

Name of supervisor(s) Martin Bell 

Email address martin.bell@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

In this project, you will work with data collected from one of 

Australia’s most state-of-the-art low-frequency radio telescopes the 

Murchison Widefield Array (MWA; http://www.mwatelescope.org). 

Over the past four years we have been surveying the time-domain 

properties of the Southern hemisphere sky with this telescope, and 

we have collected over ten thousand images. The science goals of this 

large project are to detect transient and variable phenomena, for 

example, exploding stars and merging black holes. With this dataset, 

however, previous Honours students have gone onto detect entirely 

new phenomena i.e. plasma density ducts in the upper atmosphere 

(see https://www.youtube.com/watch?v=ymZEOihlIdU). You will 

specifically work on applying cutting-edge statistical and data science 

techniques to extract new insight from this time-series data and 

images. You will work with our software package to filter out the truly 

exciting astronomical signals from the noise.  You will also work on 

developing new visualisation techniques to best display your results. A 

good proficiency in programming is desirable for this project.     

Techniques the student 

would be working with 

Data science, astrophysics, python, pandas, interferometry, de-

convolution.  

Infrastructure and support 

required for project 

execution  

None at UTS, but telescope data will be provided.  

Degree Applied Physics 

http://www.mwatelescope.org/
https://www.youtube.com/watch?v=ymZEOihlIdU
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Project title  Indistinguishable photons from hBN point defects 

Name of supervisor(s) Mehran Kianinia, Igor Aharonovich 

Email address Mehran.kianinia@uts.edu.au, igor.aharonovich@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Consecutive photons with identical wave packets (indistinguishable) 

are the main requirement for many applications in the field of 

quantum information technology.  Two photon interference 

experiments based on Michelson interferometer will reveal the quality 

of the photons emitted by a single photon source. In this project the 

measurement will be done on single photon emitters in hBN to 

measure the coherence time of these sources at cryogenic 

temperatures.  

 

Techniques the student 

would be working with 

Cryogenic micro photoluminescence, High vacuum system, Quantum 

Interferometer 

Infrastructure and support 

required for project 

execution  

All experimental setup are available at UTS or will be setup during the 

project. 

Degree Applied Physics 

mailto:Mehran.kianinia@uts.edu.au
mailto:igor.aharonovich@uts.edu.au
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Project title  Atomically thin ‘dimmer switch’ for quantum emitters 

Name of supervisor(s) Dr. Zaiquan Xu, Prof. Milos Toth 

Email address Zaiquan.xu@uts.edu.au, Milos.toth@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Monolayer hexagonal boron nitride (hBN), also known as “white 

graphene”, one of the thinnest two-dimensional (2D) materials, is 

found to host colour centres that emits non-classic light and is 

considered highly promising for various applications. Yet, electrically 

controlling resonant energy transfer of quantum emitters in atomically 

thin hBN enables switching these colour centres on and off remains 

challenging, and has many applications in quantum optics, bio-sensing 

and light emissions. Graphene’s optical transitions are tunable through 

electrostatic gating over a broad spectral range, which makes it possible 

to modulate energy transfer from quantum emitters in hBN to 

graphene at room temperature. This project aims to fabricate an on-

chip device which controls the photoluminescence of quantum 

emitters by electrically tuning the Fermi level of graphene. The 

technology developed in this project will lead to many applications in 

optoelectronics, on-chip optical information processing and future 

communications. 

 

Techniques the student 

would be working with 

Scanning confocal microscopy, atomic force microscopy, 

photolithography, Electron beam lithography 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS. 

Degree Nanotechnology 

mailto:Milos.toth@uts.edu.au
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Project title  Tunable photonic crystal cavities embedded in polymers 

Name of supervisor(s) Sejeong Kim, Igor Aharonovich 

Email address Sejeong.Kim-1@uts.edu.au 

Project description & 

aims 

(250 words max, 

summary written for 

prospective students)  

Photonic resonators with integrated optical systems have been studied and 

developed steadily. Among the diverse characteristics of photonic cavities, 

spectral tunability is a sought-after feature, as the resonant wavelength is 

often mismatched with the desired wavelength due to unavoidable 

fabrication imperfections.  

In recent years, 2D van der Waals 

materials have attracted great attention 

due to their exceptional optical and 

electrical characteristics. This year, our 

group first demonstrated optical cavities 

from hexagonal boron nitride (hBN) – a 

wide bandgap, hyperbolic van der Waals 

material that has recently attracted 

considerable attention as a promising 

host of ultra-bright, room-temperature 

quantum emitters. 

This project aims to realize a tunable 

hBN photonic cavity embedded in a 

polymer. A photonic crystal cavity consist of an array of rectangular 

nanoblocks will be embedded in the flexible polymer having low refractive 

index. This device will enable a flexible photonic crystal cavity with large 

tuning range that can be directly applied for quantum emitter integrated 

system. 

*Student may choose to focus on either experimental or simulation part.  

Techniques the student 

would be working with 

Simulation: Use finite-different time-domain method to design and simulate 

photonic crystal cavities embedded in polymer. 

Experiment: nanofabrication of hexagonal boron nitride using electron-

beam lithography. 

Infrastructure and 

support required for 

project execution  

N/A 

Degree Applied Physics or Nanotechnology 


