
Lighting up 
the future with 
quantum optics
Professor Thomas Volz, based at Macquarie University 
(Australia) and Quandela (Germany) uses quantum optics 
tools and methods to identify materials that will help scientists 
develop new quantum technologies that can change the 
world in almost unimaginable ways.
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      Talk like an ... experimental quantum 
optics researcher

Nanodiamond — a diamond 
that is less than 1,000 nanometres 
(0.001 mm) in size. They can be 
produced quickly by impact events 
such as explosions, or slowly in a 
microwave oven using a process 
that grows them atom by atom

Photon — a particle of light

Polariton — a hybrid particle 
made up of a photon strongly 
coupled to an electric dipole, 
for example, of an atom or an 
excitation in a solid

Spectrometer — a device 
for detecting and analysing 
wavelengths of light over a wide 
range of the electromagnetic 
spectrum

Spin — a form of angular 
momentum carried by elementary 
particles, composite particles, 
atoms and nuclei 

Q uantum physics is the science 
of the small. The very small. It 
revolves around a fundamental 
theory in physics that  		

	         investigates properties of 
matter at the atomic scale and even below. 
A key finding of quantum physics is that 
atoms and photons (and all other ‘particles’) 
behave both as particles and as waves. And, 
in the same way that a wave does not have 
a specific location, atoms and photons are 
not localised until they are measured by a 
detector. In fact, atoms and photons can be 
in different positions at the same time and 

can travel different paths at the same time. 
This phenomenon is at the heart of quantum 
physics and is called ‘superposition’.

Superposition is not restricted to position. 
It also extends to ‘internal’ states, such as 
the spin of an atom or an electron pointing 
up and down at the same time. Imagine a 
coin showing heads and tails simultaneously.
Quantum physics says that these phenomena 
happen all the time at the atomic scale, and 
even up to the micron scale.

Another remarkable feat that comes with 

the phenomenon of superposition is that 
whenever a measurement of the actual state 
is made, the outcome is entirely random, 
each time. This has resulted in quantum 
scientists using different methods to classical 
physicists, such as using predictions that are 
a probability of possible outcomes rather 
than something more definitive.

Due to the bizarre nature of the quantum 
scale, the field of quantum science boasts 
huge potential for changing the world in a 
range of ways. For example, the concept 
of superposition is at the heart of a 

08



quantum computer. At Macquarie University, 
Professor Thomas Volz is conducting various 
quantum experiments involving quantum 
emitter systems and laser light.

What are quantum emitter 
systems?
Quantum emitters emit single photons one 
by one. The simplest quantum emitter is a 
single isolated atom with two distinct energy 
levels. When the atom is ‘excited’ with a 
laser pulse, it can absorb a photon, go to 
an excited state and, then, spontaneously 
re-emit a single photon. “As well as isolated 
atoms in free space, solid-state materials can 
be host to so-called artificial atoms,” explains 
Thomas. “These typically consist of either 
electron-hole pairs in semiconductors or 
molecular complexes made of foreign atoms 
and empty lattice sites within a solid crystal, 
as is the case for colour centres in diamond.” 

Many quantum emitters have a complicated 
level structure corresponding to different 

spin states. It is these different spin states 
that are of particular interest to researchers 
who want to build quantum sensors and 
quantum computers.

Why is Thomas studying the 
behaviour of quantum emitters 
in materials?
If our future world is going to make use of 
various quantum technologies, it is essential 
that the right materials are used to perform 
specific functions. Nanodiamonds are an 
example. To gain a greater understanding 
of nanodiamonds’ or other solid materials’ 
usefulness in a given application, researchers 
need to use quantum technologies to study 
them. “We are in the midst of what we 
call the Second Quantum Revolution and 
still need to learn a lot about the different 
quantum materials out there,” says Thomas. 
“Studying quantum emitters in solid 
materials can provide us with new material 
platforms for implementing a range of new 
quantum technologies.”

What are the potential 
applications of quantum light?
In its most extreme form, quantum light 
consists of single identical photons that 
arrive in time, one after the other, like pearls 
on a string. Not all light is like this – sunlight, 
for instance, consists of photons that tend 
to come in pairs, while laser light exists 
somewhere between the two extremes. 
Laser photons come at completely random 
times and have no correlation with each 
other. Even so, lasers are one of the most 
powerful technologies in the world today.

To generate quantum light, a quantum 
emitter is needed, which is where Thomas’s 
studies come in. Quantum light is a key 
resource for a variety of potential quantum 
information applications, such as building a 
quantum internet and performing quantum 
computations with light.

Commercialising success
Thomas has co-founded a start-up 
company called Redback Systems. The 
team at Redback Systems is building 
advanced optical spectrometers that 
have their origin in astronomy (two of 
Thomas’s co-founders are astronomers 
with experience in building some of the 
best and most expensive spectrometers 
in the world). “With many visitors coming 
through our lab and asking where they can 
buy these spectrometers, we realised there 
was a commercial opportunity and decided 
to go for it,” says Thomas. “We were 
greatly supported by EQUS and Australia’s 
national science organisation CSIRO 
through its ON programme. This enabled us 
to form a viable company, and we shipped 
our first product in January 2021.”
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@Andrew Wood
Converting laser light into quantum light
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About QMAPP

© Pavel L Photo and Video/Shutterstock.com

T      homas is Principal Investigator of the Quantum Materials 
and Applications Group (QMAPP), a group focused on 

research activities in quantum physics, nanotechnology and 
materials science. QMAPP is part of the Physics and Astronomy 
Department at Macquarie University and is composed of a small 
team of experienced researchers, as well as students and early 
career researchers.

Facilities
Given the nature of its scientific enquiries, it is vital that the 
QMAPP team has access to state-of-the-art facilities. “We 
have a number of high-power, widely tunable, narrow-line width 
lasers for manipulating the quantum systems we are dealing with. 
In addition, we have state-of-the-art single-photon detectors 
that are able to detect single photons with very high efficiency 
and with a few tens of picoseconds (1/1,000,000,000,000 
seconds) time resolution,” explains Thomas. “We also have 
special, optically accessible fridges for carrying out experiments 
at helium temperatures, which are four degrees above absolute 
zero.”

QMAPP achievements
In 2019, the QMAPP team reported on a key scientific 
breakthrough, which was centred on the ‘emergence of quantum 
correlations from interacting fibre cavity polaritons’ and 
published in Nature Materials. “The observation we reported on 
was predicted in 2006 and was (and still is) one of the key goals 
in the field of exciton polaritons. It is a way to create quantum 
light from semiconductor electron-hole pairs without requiring 
the presence of single quantum emitters in the material,” says 
Thomas. “I was thrilled by the outcome since this was a project I 
started working on when I was a postdoctoral researcher at ETH 
Zurich in Switzerland, back in 2009!” The findings took ten years 
from inception to publication, but Thomas considers it to be one of 
the key achievements of his career so far. This highlights the hard 
work that goes into a scientific career and how perseverance leads 
to great things. 
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 Pathway from school 
to quantum science

Thomas recommends you develop a broad 
range of skills rather than simply focusing 
on maths and physics (which are essential 
to quantum science). It might be worth 
considering studying IT/programming, to 
help with data handling, and English, which 
will be useful for writing up your findings for 
publication.

Explore careers in 
quantum physics

STEM Learning has a wealth of resources for those 
interested in quantum technology: stem.org.uk

Forbes has put together six things we should 
all know about quantum physics: tinyurl.
com/2sryvvu4

https://www.stem.org.uk/
https://www.forbes.com/sites/chadorzel/2015/07/08/six-things-everyone-should-know-about-quantum-physics/?sh=22d5bb857d46
https://www.forbes.com/sites/chadorzel/2015/07/08/six-things-everyone-should-know-about-quantum-physics/?sh=22d5bb857d46


Meet 
Thomas

My fascination with light was inspired at university when I 
was able to work in a real lab and experience lasers first-hand. 
I was always fascinated by logic and rational argument as a 
kid – this then turned into a strong interest in both maths 
and physics. I almost ended up in theoretical physics but 
eventually settled on experimental quantum optics due to the 
close link between theory and experiment.

During my third year at university, I took a course on 
‘modern laser physics and its applications’ with my later PhD 
advisor Professor Gerhard Rempe. He ran an experimental 
group at the University of Konstanz in Germany and later 
became a Director at the Max-Planck Institute for Quantum 
Optics. He was one of the key figures in the emerging field of 
experimental quantum optics. In my experience, the people 
you work with can have an enormous influence on your 
career.

The path to getting an academic job at a university or 
research institute is a long and hard one – there aren’t many 
jobs in academia and securing one is a huge achievement. But 
I should also highlight that a lot of that achievement boils 
down to luck and being at the right place at the right time.

An academic career is full of failures, and with an 
experimental PhD, one experiences failures almost daily. 
During my studies and later in my PhD, I was told that it is 
all about building ‘frustration tolerance’! It takes the right 
mindset and a strong will to try again and again. When ideas 
turn out to be correct, the challenging experiment finally 
works, the big grant application is accepted, and the paper 
gets printed in a top journal, the achievement more than 
compensates for the many failed attempts.

Thomas’s top tips

1. There are a few key traits that are important for a career in
science, such as curiosity and an ability to think logically. If 
you can develop those skills as soon as possible, it will stand 
you in good stead throughout your career.

2. Quantum science requires very good maths skills,
particularly as physics is a quantitative science.

3. The ability to present in front of others and defend key
arguments when questioned is important to succeed in 
science. In addition, excellent writing skills will enable 
successful grant and publication writing.

Meet 
Lyra

Lyra Cronin studies quantum optics as part of the Quantum 
Materials (QMAPP) team at Macquarie University

I loved English and physics at high school, mainly because of 
the wonderful teachers I had. In my first year at university, 
I did both linguistics and physics subjects. The experience of 
studying physics at this level made me more certain that this 
was the path I wanted to follow.

A large part of my motivation for working in this field is 
to make the world a better place. If by working steadily at 
research I can help further our understanding of the universe 
we live in, then there is no other way I would prefer to spend 
my time. 

My current PhD work is focused on the development and 
exploration of a maser system. This is a laser that operates 
at microwave frequencies and is realised by using diamond. 
While masers have been around for decades, and are used 
commonly in deep space communication, GPS satellites 
and high accuracy timekeeping, the existing systems are 
inaccessible for most other fields due to their cost and 
operating requirements.

I would certainly encourage others to study physics and 
quantum optics. Little in my life has been as rewarding as 
conducting research and even though it can be difficult at 
times, I have never doubted that this is the right path for 
me. Even outside of academia and research, a background in 
quantum physics means you are incredibly well-positioned to 
be at the forefront of a new industry.

I would also encourage women and people from 
underrepresented backgrounds to consider studying physics. 
In the past, physics has not been especially welcoming for many 
people, but this is changing rapidly thanks to the efforts of many 
within the field. Macquarie University, in particular, has been 
wonderful, and has come so far so quickly. There is an idea that 
quantum physics is particularly difficult, but it is not inherently 
more difficult than any other field of science. Anybody can 
pursue a career in quantum science if they want to.

If I could speak to my younger self, I would say that getting 
a PhD is possible. Throughout the early years of university, 
I struggled with severe depression – I had to stop studying 
for a year to recover. Even then, I had to study part time for 
most of my undergraduate degree. During that time, I also 
came out as transgender and began transitioning, which was 
not easy. Ultimately, even with these struggles, I have been 
able to get to where I wanted, and working towards my PhD 
has been one of the best periods of my life.
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