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Welcome
Welcome one and all to the seventh EQuS Annual Workshop. 
I would particularly like to welcome our overseas guests who 
have kindly agreed to talk to us on areas that complement 
and extend our own research interests, and welcome back 
to the members of our Scientific Advisory Committee and 
Advisory Committee. 

A Centre of Excellence is a collaborative project and depends 
on the exchange of ideas. Our Annual Workshop is the 
primary forum for this, from PhD students to CIs. The winning 
idea for your first postdoc application, next DP or Centre 
application, may start here. 

I encourage you to look beyond your current interests and do 
not miss an opportunity to learn something new.

Andrew White
Centre Director
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Scientific Advisory Committee and Advisory Board meeting
Shiraz room

Delegates arrive from 11.30

Registration and lunch
Pre-function foyer, Semillion ballroom

Welcome
Professor Andrew White, Director
Semillon Ballroom (Room 2 and 3) 

Seven years of EQuS
Semillon Ballroom (Room 2 and 3)

Group photo

Afternoon tea

Please hang up your posters

Free time

Poster session
Semillon Ballroom (Room 1)

Wrap-up event and dinner
Semillon Ballroom (Room 2 and 3)

DAY ONE
Monday, September 25



Mika Silanpää
Associate Professor, Aalto University, Finland

Mika Sillanpää is an Associate Professor and group leader 
of the quantum nanomechanics group (NEMS) at Aalto 
University in Finland. The NEMS group focuses on studies 
of micro- and nanomechanical resonators near the 
quantum ground state of moving objects.

Maja Cassidy
Researcher, University of Sydney

Maja Cassidy is a postdoctoral researcher at the University 
of Sydney. She is an experimental physicist working on 
topological quantum computing with Majorana bound 
states. Maja’s goal is to develop new ways of interacting 
with these exotic states of matter to better understand 
how and why they form, with the aim of building 
nanoelectronic devices with functional topological 
elements.
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Breakfast
Redsalt restaurant

Equity in Quantum Physics (EQUIP) 
breakfast
Private room, Restaurant

Session one
Chair: Prof. Andrew Doherty
Semillon Ballroom (Room 2 and 3)

On chip microwave generation with 
a Josephson junction laser
Maja Cassidy (30mins)

Building a quantum simulator using 
trapped ions
Christian Marciniak (20mins)

Snapshot of fundamental physics 
tests in heavy atoms
Jacinda Ginges (20mins)

ORGAN the Australian Axion Dark 
Matter Detector
Ben McAllister (20mins)

Morning tea
Pre-function foyer, Semillion ballroom

Session two
Chair: Prof. Halina 
Rubinsztein-Dunlop
Semillon Ballroom (Room 2 and 3)

Squeezing, amplification and 
quantum back-action evasion in 
microwave optomechanics
Mika Silanpaa (30mins)
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3.00

3.30

6.00 
onwards

An Optomechanical Quantum Heat 
Machine
James Bennett (20mins)

Tomography of an Optomechanical 
Oscillator
Prahlad Warsawski (20mins)

Negative temperature vortex states 
of a 2D superfluid
Tyler Neely (20mins)

Lunch
Redsalt restaurant

Please take down your poster by 
3pm

Session three
Chair: Prof. Matthew Davis
Semillon Ballroom (Room 2 and 3)

3MT presentations
  • Yauhen Sachkou
  • Behnam Tonekaboni
  • Ben McAllister
  • Angela Karanjai
  • Thomas Bell
  • Andrew Wood

Afternoon tea
Pre-function foyer, Semillion ballroom

EQuS giant games
East Village, Activity Lawn

Dinner
Lovedale Bar 

DAY TWO
Tuesday, September 26



SESSION ONE

Maja Cassidy
On chip microwave generation with a 
Josephson junction laser
Superconducting electronic devices have 
reemerged as contenders for both classical 
and quantum computing due to their 
fast operation speeds, low dissipation, 
and long coherence times. An ultimate 
demonstration of coherence is lasing. 
We use one of the fundamental aspects 
of superconductivity, the ac Josephson 
effect, to demonstrate a laser made from 
a Josephson junction strongly coupled to 
a multimode superconducting cavity. A dc 
voltage bias applied across the junction 
provides a source of microwave photons, 
and the circuit’s nonlinearity allows for 
efficient down-conversion of higher-order 
Josephson frequencies to the cavity’s fun-
damental mode. In this talk, I will describe 
our initial work on the SIS junction laser, 
as well as more recent measurements that 
utilize InAs/Al SNS junctions in nanowires 
to create an electrically tunable on-chip 
source of microwave radiation.  

Christian Marciniak
Building a quantum simulator using 
trapped ions
In my talk I will discuss the objectives and 
technical challenges associated with build-
ing a quantum simulator for transverse 
Ising-type Hamiltonians with engineered 
interaction strengths through the example 
of our planned experiment: a 2D Coulomb 
crystal of 9Be+ confined in a Penning trap.

Quantum simulators are non-univer-
sal quantum computers that may offer 
solutions to complex problems where 
classical computers fail. Already quantum 
simulators are used to tackle diverse prob-
lems ranging from quantum chemistry to 
field theories such as quantum electro-
dynamics, and there is theoretical work 
demonstrating that even classical physics 
problems can benefit greatly from the 
quantum advantage. Quantum simulators 
are by their nature purpose built devices 
that are only suitable to tackle a given 

class of problems and so different systems 
and platforms are both required and in 
existence.

I will discuss particular technical challeng-
es in system design and integration of a 
trapped ion based quantum simulator 
with examples such as building a custom 
high power 313 nm laser system, gener-
ating and routing mm-waves for qubit 
interaction as well as electrical-, mechani-
cal- and RF engineering. I will also present 
our recent results on producing UV-com-
patible single mode fiber patch cords that 
emerged out of this process. While we use 
these fibers for delivering pointing and 
polarization stable 313 nm light for light-
ion interaction, they are of interest for 
applications in a broad range of disciplines 
in science, industry and medicine. 

Jacinda Ginges
Snapshot of fundamental physics tests in 
heavy atoms
I will give a brief overview of fundamental 
physics tests performed with heavy atoms. 
I will focus in particular on studies of fun-
damental symmetries violations -- atomic 
parity violation and time-reversal-violating 
atomic electric dipole moments -- which 
are used to test the standard model of 
particle physics and search for new physics 
beyond. The salient features of our many-
body methods for high-precision calcula-
tions in heavy atoms will be presented.

Ben McAllister
ORGAN the Australian Axion Dark Matter 
Detector
We present first results and future plans 
for the Oscillating Resonant Group AxioN 
(ORGAN) experiment, a microwave cavity 
axion haloscope situated in Perth, Western 
Australia designed to probe for high mass 
axions motivated by several theoretical 
models. The first stage focuses around 
26.6 GHz in order to directly test a claimed 
result, which suggests axions exist at the 
corresponding mass of 110 micro eV. Later 
stages will move to a wider scan range 
of 15-50 GHz (60 - 210  micro eV). We 
present the results of the pathnding run, 



run, which sets a limit on axion coupling of 
2.02x10^-12 eV^-1 at 26.531 GHz, or 110  
micro eV, in a span of 2.5 neV (shaped by 
the Lorentzian resonance) with 90% cond-
ence. Furthermore, we outline the current 
design and future strategies to eventually 
attain the sensitivity to search for well-
known axion models over the wider mass 
range, which will require reaching and 
beating the quantum limit of sensitivity.

SESSION TWO

Mika Silanpää
Squeezing, amplification and quantum 
back-action evasion in microwave optom-
echanics
We will discuss our recent work on 
quantum properties of mechanical 
oscillators interacting with supercon-
ducting microwave cavities. We focus 
on squeezed states and phase-sensitive 
measurements: we show the preparation 
of quantum-squeezed motional states, 
mechanical non-demolition measure-
ment of microwave fields, and evading of 
quantum back-action in the measurement 
of collective motion of a two-oscillator 
system. In a squeezed quantum state, 
fluctuations of a quantity can be reduced 
below the standard quantum limit, at 
the cost of increased fluctuations of the 
conjugate variable. Squeezing can be 
relevant it its own right, or it can be used 
to make noiseless measurements: If the 
information in one quadrature of the sig-
nal is lost in phase-sensitive amplification, 
it is possible to completely reconstruct 
the other quadrature. We also show it is 
possible to measure collective mechanical 
oscillations in a non-demolition fashion. 
The latter work allows for quantum state 
tomography of two mechanical oscillators, 
and provides a foundation for macroscop-
ic mechanical entanglement and force 
sensing beyond conventional quantum 
limits. Moreover, it realizes the concept of 
quantum-mechanics-free subsystem.



James Bennett
An Optomechanical Quantum Heat 
Machine
Optomechanical devices promise to 
permit tests of thermodynamics in the 
quantum regime. Several proposals for 
optomechanical heat engines already 
exist, but all operate in the regime where 
the dynamics are described by the rotat-
ing wave approximation (RWA). Here I will 
present an optomechanical heat machine 
driven by squeezing operations in a 
regime beyond the RWA. Our scheme can 
operate as a heat engine, a heat pump, 
or a refrigerator. I will provide no-go 
theorems showing that the heat engine 
and refrigerator behaviours are forbidden 
in the RWA regime, and provide an outline 
of how one can use pulsed optomechanics 
to implement such an engine.

Prahlad Warsawski
Tomography of an Optomechanical 
Oscillator
Optomechanical systems provide an 
attractive testbed for the creation and 
manipulation of nonclassical states of me-
chanical motion.  A key experimental chal-
lenge is demonstrating that the desired 
quantum state has actually been prepared.  
We propose a new, realistic, experimental 
protocol for quantum state tomography 
of nonclassical states in optomechanical 
systems. Using a parametric drive, the pro-
cedure overcomes the challenges of weak 
optomechanical coupling and thermal 
noise to provide high efficiency homo-
dyne measurement. Our analysis is based 
on the theoretical description of the gen-
eralised measurement that is performed 
when optomechanical position meas-
urement competes with thermal noise 
and the parametric drive. The proposed 
experimental procedure is numerically 
simulated in realistic parameter regimes, 
which allows us to show that tomographic 
reconstruction of otherwise unverifiable 
nonclassical states is made possible.

Tyler Neely
Negative temperature vortex states of a 
2D superfluid
Studying idealised point vortex models 
some 68 years ago, Lars Onsager realised 
that increasing average vortex energy 
results in separation of the vortex gas 
into ordered clusters of like sign. These 
vortex states can thus be associated with 
negative temperatures, given the opposite 
relationship between entropy and energy 
usually encountered. Quantised vortices in 
Bose-Einstein condensates (BECs) present 
a nearly ideal test-bed for 2D vortex 
physics, due to their isolation, control, and 
close correspondence to a point vortex 
system. In our experiment, we direct-
ly inject negative temperature vortex 
states into a uniform and configured BEC, 
demonstrating their dynamic metastabili-
ty over many seconds. By observing char-
acteristic broadening of the momentum 
spectrum of the BEC, we establish a probe 
for the formation of Onsager vortices from 
decaying 2D turbulence.



ABOVE: EQuS postdoc Tyler Neely and the BEC team create images to 
demonstrate their control of Bose-Einstein condensates.



Johannes Fink
Assistant Professor, Institute of Science and Technology, 
Austria (IST Austria)

Johannes Fink is an Assistant Professor at the Institute of 
Science and Technology, Austria. He is an experimental 
physicist studying quantum effects in electrical, 
mechanical and optical chip-based devices. Johannes’ 
main objective is to advance and integrate quantum 
technology for computation, communication and sensing.



DAY THREE
Wednesday, September 27
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Session four 
Chair: Prof. Thomas Volz
Semillon Ballroom (Room 2 and 3)

Dielectric mechanical oscillators as 
a tool for analog (quantum) signal 
processing
Johannes Fink (30mins)

Using a Superconducting Qubit as a 
Millikelvin Vector Network Analyzer
Markus Jerger (20mins)

Quantum Physics in One Dimension 
using Nanostructured 
Josephson-junction Arrays
Roger Ackroyd (20mins)

Towards quantum polaritonics with 
semiconductor quantum wells in 
tunable fiber cavities
Guillermo Munoz-Matutano 
(20mins)

Morning tea
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Chair: Prof. Arkady Fedorov
Semillon Ballroom (Room 2 and 3)

How do we program and control a 
quantum computer?
Dr Simon Devitt (20mins)
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SESSION FOUR

Johannes Fink
Dielectric mechanical oscillators as a tool 
for analog (quantum) signal processing
Superconducting circuits are at the focus 
of quantum engineering research because 
of their potential for scalable quantum in-
formation processing and simulation. One 
disadvantage of circuit QED systems is 
that they can only operate in ultra-cold en-
vironments where thermal noise and resis-
tive losses are negligible. To enable larger 
scale superconducting quantum networks 
we are working towards an on-chip inte-
grated microwave-photonic device that 
has the potential to efficiently convert mi-
crowave to telecom wavelength photons 
using radiation pressure forces. Utilizing 
compact ultra-high impedance LC circuits 
suspended on dielectric nano-membranes 
enables efficient coupling to the mechani-
cal modes of one-dimensional nanobeam 
oscillators compatible with nano-photon-
ics. With our new silicon-on-insulator plat-
form we demonstrate motional ground 
state cooling, voltage tuneable microwave 
frequency conversion, superconducting 
qubit integration, and the realization of 
highly nonreciprocal on-chip isolators and 
circulators. Moving to higher frequency 
acoustic bandgap defined modes should 
allow to synthesize mechanical quantum 
states without the need for active cooling. 
Coupling such excitations to mechanical 
wave-guides, entanglement between 
itinerant multi-phonon states could be 
studied in analogy to quantum optical 
systems. Coupling to photonic crystals on 
the other hand would put within reach the 
realization of hybrid long distance quan-
tum communication networks. We will 
present ideas and recent progress towards 
these long term goals.

Markus Jerger
In situ characterization of qubit control 
lines: a qubit as a vector network analyser
To achieve high fidelities, quantum 
information experiments require precise 
calibration of the frequency response of 
the control lines. Where possible, network 
analysers or oscilloscopes are used for the 
task, but if one end of the line is inside a 
cryostat, part of an integrated circuit or 
otherwise inaccessible, there is currently 
no practical way of direct characteriza-
tion. In this presentation, I will describe a 
simple method to determine the response 
function of the frequency control line of 
a qubit in a wide range, turning the qubit 
itself into a vector network analyser.

Roger Ackroyd
Quantum Physics in One Dimension using 
Nanostructured Josephson-junction 
Arrays
Quantum physics in one spatial dimension 
is peculiar and remarkably rich, yet even 
with strong interactions and disorder, sur-
prisingly tractable. This is due to the fact 
that the low-energy physics of nearly all 
1D systems can be cast in terms of the Lut-
tinger liquid, a key concept that parallels 
that of the Fermi liquid in higher dimen-
sions.  Although there have been many 
theoretical proposals to use linear chains 
and ladders of Josephson junctions to cre-
ate novel quantum phases and innovative 
electronic devices, only modest progress 
has been made experimentally. One major 
roadblock has been understanding the 
role of disorder in such systems.
We present recent experimental results 
from our lab that strongly confirm Lutting-
er behaviour in our devices, validate the 
quantum many-body theory of one-di-
mensional disordered systems, and shed 
light on the competition between Mott 
insulator and Bose glass. The Bose glass 
phase is thought to describe helium-4 in 
porous media, cold atoms in disordered 
optical potentials, disordered magnetic 
insulators, and thin superconducting films. 



The ubiquity of such an electronic glass 
in Josephson-junction chains has impor-
tant implications for their proposed use 
as a fundamental current standard, which 
is based on synchronisation of coher-
ent tunnelling of flux quanta (quantum 
phase slips). We have recently extended 
our measurements to SQUID chains and 
other quasi-1D devices, finding quite 
unexpected and tantalising behaviour.

Guillermo Munoz-Matutano
Towards quantum polaritonics with 
semiconductor quantum wells in tunable 
fiber cavities
Along the last years there is strong 
interest to explore the regime of strong 
interactions between single polaritons, in 
particular the effect of polariton quan-
tum blockade. The presence of a single 
polariton in a strongly-coupled polariton 
system can block the resonant injection 
of a second polariton due to strong polar-
iton-polariton interactions. The light from 
such a system is strongly anti-bunched, 
and thus the polariton system in effect 
acts as a ‘photonic dot’ with the potential 
to be used as a single-photon source. 
Here we will present our preliminary 
results of non-linear polariton interac-
tion when using InGaAs Quantum Well 
as light emitter embeded in fiber based 
photonic cavitiy. Under this condition 
we have measured photon anti-bunch-
ing with resonant and non-resonant 
excitation schemes. Both measurements 
are explained by full quantum approach, 
which provides valuable information 
about the non-linear nature of the polari-
ton interaction.    



SESSION FIVE

Simon Devitt
How do we program and control a quan-
tum computer?
Large-scale quantum computation is 
an exercise in error correction, with the 
vast majority of the machines resources 
dedicated to effectively correcting its own 
errors.  Consequently, there is a signifi-
cant amount of classical hardware and 
programming infrastructure sitting next 
to a large-scale quantum computer.  These 
classical elements are responsible for two 
crucial tasks: 1. Compiling and optimising 
a fault-tolerant, error-corrected algorithm 
from a high-level circuit specification 
and 2. processing, in real time, the vast 
amount of classical data outputted from 
an error-corrected machine.  Both of these 
tasks are highly non-trivial and we do not 
yet have satisfactory software for either.  
I’ll briefly overview parts of these two 
important software problems and discuss 
what we have and what we are currently 
missing when designing the classical soft-
ware stack needed for quantum program-
ming and control.

Arne Grimsmo
How to detect a quantum of energy 1e-24 
Joule, flying at the speed of light
Microwave photons carry about four to 
five orders of magnitude less energy than 
optical photons, and are consequently 
much harder to detect. Photon detection 
at this energy scale is challenging due 
to subtle quantum phenomena such as 
measurement back-action and the quan-
tum Zeno-effect. Roughly speaking, these 
effects lead to a tendency for photons to 
scatter away if you try to look at them too 
closely. In this talk I will present a proposal 
for a single-photon detector that over-
comes this rather fundamental difficulty. 
The detector is based on a quantum 
metamaterial designed to be sensitive to 
the presence of a single photon, yet cause 

minimal disturbance through back-action 
effects by giving up accurate information 
about the photon’s location. This leads to 
a detector which is both broadband, fast, 
and with detector efficiency that can, in 
principle, approach unity.

Marie Claire Jarratt
Scaled-Up Readout of Semiconductor 
Qubits in the Time and Frequency Do-
mains
Conventional semiconductor qubit read-
out circuits require bulky electronics and 
analogue components at both room and 
cryogenic temperatures. These compo-
nents include demodulators, resonators 
and filters, which become challenging 
to reproduce as systems scale in size. In 
terms of physical footprint, these resourc-
es become precious, while their analogue 
nature can cause unwanted interference 
effects between channels.
In this talk, we demonstrate the ability to 
share these resources between readout 
channels using a time-division multiplex-
ing (TDM) scheme using chip-level switch-
es on a GaAs quantum dot device with 
multiple charge sensors. We also eschew 
the majority of troublesome analogue 
components in favour of a digital, mul-
ti-frequency integrated data acquisition 
system (MIDAS). Together, these methods 
act to significantly increase the capability 
of readout lines, allowing for simultaneous 
measurement of multiple sensors or devic-
es in an efficient and compact manner.

Lachlan Rogers
Bayesian inference of switching rates for 
blinking emitters 
Single quantum emitters of light are val-
uable windows into the quantum world. 
They can function as robust single-pho-
ton generators, allow optical control of 
single spins, provide readout capabilities 
for atomic-scale sensors, and provide 
interfaces between stationary and flying 
qubits. These properties make them valu-



able resources for engineering quantum 
systems. Environmental factors can lead 
to single emitters exhibiting “blinking”, 
whereby the fluorescence level switches 
between “on” and “off” states. Character-
ising the blinking is often a powerful way 
to gain understanding about the mech-
anism behind this phenomenon, and 
the switching rates are typically desired. 
Bright emitters lead to high-contrast 
blinking, and simple thresholds are often 
used to extract the “on” and “off” intervals 
from a time-series of photon counts (and 
hence determine the switching rates). 
However, such approaches become 
difficult for emitters fluorescing at low 
levels. We have developed a Bayesian 
approach capable of inferring switching 
rates directly from the time-series. This 
is able to produce useful results even for 
weak blinking fluorescence traces with 
considerable background photon counts. 
The Bayesian inference also yields a 
more robust picture of the measurement 
uncertainties, providing a benefit also for 
bright emitters.



What did you think? 
Dear #teamEQuS

Let us know what you thought of the Workshop at bit.ly/EQUS17feedback

See you next year!   
 The event organisers

http://bit.ly/EQUS17feedback
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