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Overview

Timetable
Registration Start End Dinner/social

WA
Day 1 7:00 am 3:30 pm 4:30 pm
Day 2 7:00 am 2:15 pm 4:30 pm
Day 3 7:00 am 11:30 am

CI meeting 11:30 am 2:30 pm

QLD
Day 0 2:00 pm 6:00 pm
Day 1 9:00 am 5:30 pm 6:30 pm
Day 2 9:00 am 4:15 pm 6:30 pm
Day 3 9:00 am 1:30 pm

CI meeting 1:30 pm 4:30 pm
SAC meeting 4:00 am 6:00 am

NSW
Day 1 10:00 am 5:30 pm 6:30 pm
Day 2 10:00 am 7:30 pm 7:30 pm
Day 3 10:00 am 2:30 pm

CI meeting 2:30 pm 5:30 pm
SAC meeting 5:00 am 7:00 am
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Venue details

Busselton
Abbey Beach Resort, Busselton, room Abbey 5

Wednesday social activity
Wise Winery, Aravina Estate and Big Ball Golf (bus provided)

Thursday dinner & awards
Abbey Beach Resort, Awards Sundowner, Pool Terrace
Lamonts Smith Beach (bus provided)

Bus times
Busselton to UWA: Friday 3 December, 2:30 pm

Coogee
Crowne Plaza, Coogee Bay, Federation & Paddington rooms

Bus times
ANU (CGA) to Coogee: Tuesday 30 November, 4:00 pm
Coogee (Crowne Plaza) to ANU: Friday 3 December, 4:00 pm

Wednesday social activity
Beach Burrito, 3/260 Coogee Bay Rd

Thursday dinner & awards
Crowne Plaza, Federation & Paddington rooms

Noosa
Pepper’s Resort & Villa, Noosa, Rainforest Room

Bus times
UQ (Chancellors Place) to Noosa: Tuesday 30 November, 12:15 pm
Noosa (top of Pepper’s drive on Viewland Drive) to UQ: Friday 3 December, 1:45 pm

Tuesday registration and welcome reception
Pepper’s Resort & Villa, Pepper’s Restaurant

Wednesday social activity
Pixels Barcade, 29/18 Hastings St

Thursday dinner & awards
Pepper’s Resort & Villa, Rainforest Room

CImeeting
Pepper’s Resort & Villa, Ohana Boardroom

https://www.beachburritocompany.com/coogee-nsw/
https://www.pixelsaustralia.com/noosa-barcade
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Day 1
Wednesday 1 December

AWST AEST AEDT
(WA) (QLD) (NSW)

7:00 am 9:00 am 10:00 am Welcome to Country

7:10 am 9:10 am 10:10 am Director’s welcome

Session 1
7:15 am 9:15 am 10:15 am Keynote presentation: Chelsea Bartram

8:00 am 10:00 am 11:00 am Glenn Harris & Tyler Neely

8:20 am 10:20 am 11:20 am Catriona Thomson

8:40 am 10:40 am 11:40 am Graeme Flower

9:00 am 11:00 am 12:00 pm Breakfast (WA), Morning tea (QLD), Lunch (NSW)

Session 2
10:00 am 12:00 pm 1:00 pm Raditya Bomantara

10:20 am 12:20 pm 1:20 pm Kaumudi Goswami

10:40 am 12:40 pm 1:40 pm Daniel Burgarth

11:00 am 1:00 pm 2:00 pm Portfolio update: Public Engagement

11:15 am 1:15 pm 2:15 pm Portfolio update: Equity in Quantum Physics

11:30 am 1:30 pm 2:30 pm Lunch (WA, QLD), Afternoon tea (NSW)

Session 3
12:30 pm 2:30 pm 3:30 pm Lorenzo Scarpelli

12:50 pm 2:50 pm 3:50 pm Carolyn Wood

1:10 pm 3:10 pm 4:10 pm Ryan MacDonell

1:30 pm 3:30 pm 4:30 pm Three-minute thesis competition

2:30 pm 4:30 pm Poster session & afternoon tea (WA, QLD)

3:30 pm 5:30 pm 5:30 pm EndDay 1

4:30 pm 6:30 pm 6:30 pm Social activity
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Day 2
Thursday 2 December

AWST AEST AEDT
(WA) (QLD) (NSW)

Session 4
7:00 am 9:00 am 10:00 am Michael Kewming

7:20 am 9:20 am 10:20 am Guillaume Gauthier

7:40 am 9:40 am 10:40 am Till Weinhold

8:00 am 10:00 am 11:00 am Portfolio update: Translational Research Program

8:30 am 10:30 am 11:30 am Breakfast (WA), Morning tea (QLD), Lunch (NSW)

Session 5
9:30 am 11:30 am 12:30 pm Keynote presentation: Lisa Kewley
10:15 am 12:15 pm 1:15 pm Larry Cohen

10:35 am 12:35 pm 1:35 pm John Bartholomew

10:55 am 12:55 pm 1:55 pm Byron Villis

11:15 am 1:15 pm 2:15 pm Lunch (WA, QLD), Afternoon tea (NSW)

Session 6
12:15 pm 2:15 pm 3:15 pm Pitch competition

1:00 pm 3:00 pm 4:00 pm Keynote presentation: Päivi Törmä
1:45 pm 3:45 pm 4:45 pm Portfolio update: Translational Research Program

2:15 pm 4:15 pm 5:15 pm End Day 2 (afternoon tea, WA & QLD)

6:30 pm Poster session (NSW)

4:30 pm 6:30 pm 7:30 pm Dinner & awards
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Day 3
Friday 3 December

AWST AEST AEDT
(WA) (QLD) (NSW)

Session 7
7:00 am 9:00 am 10:00 am Chao Meng

7:20 am 9:20 am 10:20 am Terry Farrelly

7:40 am 9:40 am 10:40 am Kirk McKenzie

8:00 am 10:00 am 11:00 am Breakfast (WA), Morning tea (QLD), Lunch (NSW)

Session 8
9:00 am 11:00 am 12:00 pm Portfolio update: Mentoring and Career Development

9:15 am 11:15 am 12:15 pm Portfolio update: Quantum for Educators

9:30 am 11:30 am 12:30 pm Ramil Nigmatullin

9:50 am 11:50 am 12:50 pm Alejandro Gomez Frieiro

10:10 am 12:10 pm 1:10 pm Lewis Williamson

10:30 am 12:30 pm 1:30 pm Awards and close

10:45 am 12:45 am 1:45 am
Lunchbox collection (WA, QLD)
Snackbox collection (NSW)

11:30 am 1:30 pm 2:30 pm EndDay 3

11:30 am 1:30 pm 2:30 pm CI meeting (CIs only)

Saturday 4 December
4:00 am 5:00 am SAC meeting (Directorate only)
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Keynote speakers

DrChelseaBartram is an experimentalist at heart,
with a goal of finding dark matter and revealing
physics beyond the Standard Model. Her re-
search interests lie at the intersection of particle
physics, fundamental symmetries, dark matter,
and quantum electronics. She is a leader in the
Axion Dark Matter eXperiment (ADMX) located
at CENPA, a nuclear physics lab at the University
of Washington. Her research pulls from dis-
parate fields such as microwave technology, low-
temperature physics and high magnetic fields. It
even has overlap with the world of amateur radio—
a hobby that prompted an interest in science
many years ago. She has had the privilege of
working in numerous research groups, touching
on fundamental symmetries and neutrino physics.
As a graduate student, she built a tabletop experiment to search for CPT violation in positronium
at UNC Chapel Hill. Chelsea finds nothing so empowering as building an experiment that tells
you something about the real world and she strives to teach others to do the same.

Professor Lisa Kewley is a Professor and Aus-
tralian Research Council Laureate Fellow at the
Australian National University. Kewley obtained
her PhD in 2002 from the Australian National Uni-
versity on the connection between star-formation
and supermassive black holes in galaxies.  She was
a Harvard-Smithsonian Center for Astrophysics
Fellow and a NASA Hubble Fellow.  Her awards
include the 2006 American Astronomical Society
Annie Jump Cannon Award, the 2008 American
Astronomical Society Newton Lacy Pierce Prize,
and the 2020 US National Academy of Science
James Craig Watson Medal.  In 2014, Kewley
was elected Fellow of the Australian Academy of
Science “for her fundamental advances in under-
standing of the history of the universe, particularly
star and galaxy formation”, and in 2015, Kewley was awarded an ARC Laureate Fellowship,
Australia’s top fellowship to support excellence in research. Kewley is currently implementing
her scientific vision through her Australian Research Council Centre of Excellence in All-Sky
Astrophysics in 3D (ASTRO 3D).  ASTRO 3D combines Australia’s radio and optical ground-
based telescopes with international 8–10-m telescopes and world-wide supercomputing
facilities to understand the formation and evolution of matter, ionising radiation, and chemical
elements in the Universe.
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Professor Päivi Törmä is a professor in the De-
partment of Applied Physics, Aalto University. Her
research ranges from theoretical quantum many-
body physics to experiments in nanophotonics.
Her work has revealed a new connection between
quantum geometry and superconductivity that
explains why flat bands can carry supercurrent,
essential in the search for superconductors that
work at high temperatures. In her experiments,
Päivi has worked on strong coupling of surface
plasmon polariton modes and molecules. She has
shown that arrays of metallic nanoparticles are a
versatile system for studies of fundamental light–
matter interactions and for developing nanoscale
lasers. Her group has succeeded in realising the
first plasmonic Bose–Einstein condensate.

Päivi has a MSc degree from the University of Oulu, Finland, and a Master of Advanced Study
degree from the University of Cambridge, UK. She completed a PhD in 1996 at the University of
Helsinki, and was a postdoctoral researcher at the universities of Ulm and Innsbruck. Päivi was
a professor at the University of Jyväskylä, Finland 2002–2007, and in 2015, a guest professor
at ETH Zürich. She obtained the EURYI award in 2005, the ERC Advanced Grant in 2013, and
the Academy Professorship of the Academy of Finland in 2017. She led the Nanoscience Centre
of University of Jyväskylä 2002–2005 and the Finnish Centre of Excellence in Computational
Nanoscience 2014–2017. She was the vice chair of the board of the Academy of Finland 2010–
2014.
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Abstracts

Session 1

Chelsea Bartram
To see 85% of the world in a grain of sand: search for wave-like darkmatter in the ADMXRun
1C dataset
The University of Washington

Astrophysical evidence indicates that 85% of the Universe is composed of dark matter. While
the actual composition of dark matter is unknown, some inferences can be made. The dark
matter is thought to be non-relativistic, stable, non-baryonic, and feebly interacting. One
excellent dark matter candidate that fits this description is the axion, a boson that arises from
the Peccei–Quinn solution to the strong CP problem. The Axion Dark Matter eXperiment
(ADMX) searches for so-called DFSZ axions using a resonant haloscope. The haloscope consists
of a microwave cavity immersed in a magnetic field, enabling axions to convert to photons
via the inverse Primakoff effect. I will present the most recent results from ADMX, as well as
results from a prototype haloscope called ‘sidecar’. The sidecar results represent the first use
of a traveling-wave parametric amplifier in an axion search. Finally, I will describe the future
prospects of ADMX, including an anticipated upgrade to a multi-cavity array system to reach
higher-frequency regions of parameter space.

Glenn Harris
Finding darkmatter with superfluid helium
The University of Queensland

Dark Matter plays a vital role in the dynamics of galaxies and the formation of structure in the
early Universe, but is yet to be directly detected. The most likely dark matter candidates are
weakly interacting massive particles (WIMPs) whose predicted mass range was initially thought
to lie between 10 and 1,000 times that of the proton. This mass range motivated the use of
heavy elements (that is, liquid xenon) to act as scintillators, converting interactions between
dark matter and the scintillation material into flashes of light. However, the substantial effort that
has been put into the detection of these dark matter candidates has been largely unsuccessful.
Recently, there has been a push to widen the search to much lighter dark matter candidates.
In this context, superfluid helium seems like an ideal scintillation material to probe this new
parameter regime. Here we will briefly discuss the feasibility and subtleties of using liquid helium
as a detection medium.
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Tyler Neely
Astrophysical phenomena in dilute superfluids
The University of Queensland

Ultracold dilute gases have been a leading platform for the study of superfluids and Bose–
Einstein condensates since they were first observed in 1995. Recently, a number of proposals
and experiments suggest that these systems can realise benchtop analogue models of
relativistic and stellar phenomena, such as Hawking radiation, Kerr black holes, and pulsar
glitches in neutron stars. I will briefly describe the progress in this field by outlining some of the
key proposals and initial experiments in this area. I will highlight some recent progress at UQ in
realising pinned vortex lattices in a rubidium Bose–Einstein condensate, relevant to simulating
the dynamics of pulsar glitches.

Catriona Thomson
Towards cryogenic particle detection
The University of Western Australia

The engineered quantum system represents an interesting portal to observe particle dark
matter interaction with standard model particles. In this talk, I outline some of the systems
that are currently under investigation at the Quantum Technologies and Dark Matter Lab at
UWA, all of which exploit microwave sensing of quantum phenomena in solids and surfaces.
Our cryogenic superfluid helium experiment is exploring electromechanical transduction of
turbulence on the surface of the superfluid, which would be sensitive to weakly interacting
massive particle (WIMP) collisions with the bulk fluid. We are also exploring the possibility
of single-photon counting via photon-mediated local heating of an on-chip superconducting
nanowire biased just below critical point. Lastly, I will touch on our work with solid-state masers,
which may be sensitively interrogated for WIMP collision effects.

Graeme Flower
Bloch–Redfield or Lindblad equations formodelling a current-biased RCJ single-photon
detector
The University of Western Australia

Beating the standard quantum limit is essential for axion dark matter detection at mid- to
high-GHz frequencies. Current biased Josephson junctions are a strong candidate for this
purpose, potentially able to form single microwave photon counters with extremely low dark
count rates. Lacking in this area, however, is a complete quantum microscopic model of the
circuits used, where simplified or phenomenological models have been used in the past. Any
model with correct dissipation should be able to reproduce classical correspondence of the
system in a voltage state; however, we find Lindblad form master equations unable to meet this
requirement. We therefore consider a simple current-biased RC circuit and compare results
from Bloch–Redfield equations to Lindblad master equations using classical correspondence
as the method of comparison. Trade-offs for using each equation are discussed as well as the
outlook for modelling the detectors.
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Session 2

Raditya Bomantara
Z4 parafermions without fractional quantumHall systems
The University of Sydney

I present a theoretical means to generate Z4 parafermion edge modes without fractional
quantum Hall systems or complicated interactions. Apart from the p-wave superconductivity
and magnetic field—two basic ingredients for realising Majorana modes—my proposal requires
the addition of only Hubbard interaction and periodic driving. I further show that the
obtained parafermions, which can be analytically derived at special parameter values, have
no static counterpart and arise from the interplay between an interaction effect and periodic
driving. Strong numerical evidence suggests that these exotic quasiparticles are robust against
variations in parameter values and spatial disorder. My construction not only serves as an
excellent starting point for topological quantum computing beyond Majorana fermions, but also
provides an intuitive mechanism of non-equilibrium quantum many-body phases.

Kaumudi Goswami
Experimental characterisation of a non-Markovian quantumprocess
The University of Queensland

Every quantum system is coupled to an environment. Such system–environment interaction
leads to temporal correlation between quantum operations at different times, resulting in
non-Markovian noise. In principle, a full characterisation of non-Markovian noise requires
tomography of a multitime processes matrix, which is both computationally and experimentally
demanding. In this talk, I will discuss a more efficient solution. We use machine learning
models to estimate the amount of non-Markovianity, as quantified by an information-theoretic
measure, with tomographically incomplete measurement. We test our model on a quantum
optical experiment, and are able to predict the non-Markovianity measure with 90% accuracy.
Our experiment paves the way for efficient detection of non-Markovian noise appearing in
large-scale quantum computers.

Daniel Burgarth
Bounds for the rotating-wave approximation
Macquarie University

The rotating-wave approximation is a common approximation in quantum control. But what
justifies it?
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Session 3

Lorenzo Scarpelli
Correlation spectroscopy of the spectrally filtered photoluminescence from strongly confined
exciton-polaritons
Macquarie University

Current theoretical proposals and experimental demonstrations of photon blockade and,
more generally, of tunable photon statistics, make use of input coherent fields. Within this
methodology, either by energy level repulsion or by quantum interference, the physical system
acts as a photon filter. In this talk, I will show that a spectrally narrow filter, in conjunction with a
weak Kerr nonlinearity, can be used to reduce the quantum noise of the photoluminescence of a
strongly confined exciton-polariton system working below laser threshold. By scanning the filter
across the lower polariton resonance, we predict a dispersive shape of the zero-delay second-
order correlation function, which is sensitive to the magnitude and the sign of the nonlinearity.
Preliminary experimental data shows good agreement with the theoretical predictions. Our
scheme opens new prospects not only for new fundamental studies of the exciton-polariton
physics, but also for the generation of scalable and electrically controlled light-emitting devices
with tunable photon statistics.

CarolynWood
Composite quantum systems as quantum clocks and thermometers
The University of Queensland

Composite particles (like atoms and molecules) are unique tools for testing joint quantum and
general relativistic effects. These particles are often described as ‘clocks’, in direct analogy to
atomic clocks; however, one could also think of them as ‘thermometers’, as they thermalise
via coupling to external fields. Hence, one asks if we can use these particles to tease out
quantum features of temperature, in analogy to how idealised clocks have been used to probe
the quantum nature of time.

However, all studies of the free propagation of composite particles find that they delocalise
into separate internal energy components, which destroys their spatial coherence, rendering
them unsuitable for experimental applications and as idealised clocks. We solve this problem
by introducing a class of states with minimum uncertainty in spacetime that fully overcome the
delocalisation. The relevant physics comes from minimising the uncertainty between position
and velocity, rather than position and momentum, while directly accounting for mass as an
operator.

In this talk, I will introduce these new minimum-uncertainty states and some of their unique
properties. I will then discuss some of the groundwork we have laid for probing the quantum
nature of temperature, by exploring two scenarios in which a ‘superposition of temperatures’
may arise.
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RyanMacDonell
Analogue simulation ofmolecular dynamics and spectra on a trapped-ion device
The University of Sydney

The simulation of quantum systems is a challenging task, particularly in cases of strong
coupling between different energy regimes such as vibronic (vibrational + electronic) coupling in
molecules. In the worst case, diagonalising the Hamiltonian and propagating the wavefunction
has an exponential cost on classical computers. The advent of early quantum computers
has shown the ability to drastically reduce the scaling of quantum simulation, but universal
quantum computing remains out of reach, owing to the large number of qubits and long
coherence times required. We show that vibronic coupling Hamiltonians representing ultrafast
molecular dynamics can be efficiently simulated on quantum systems with coupled internal
states and bosonic modes, such as trapped ions. In addition, we show that our technique can
be extended to time-domain measurements used to reproduce molecular absorption spectra.
Our preliminary experimental results show that these simulations are achievable with current
technology, and have the potential to simulate molecules larger than the ability of modern
classical computers.
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Session 4

Michael Kewming
Entropy production at zero temperature
The University of Queensland

Fluctuation theorems allow one to make generalised statements about the behaviour of
thermodynamic quantities in systems that are driven far from thermal equilibrium. In
this talk, I will use Crooks’ fluctuation theorem to understand the entropy production
of a continuously measured, zero-temperature quantum system—namely, an optical cavity
measured via homodyne detection. Our analysis shows that the entropy production can be
well defined at zero temperature by considering entropy in the measurement record. We link
this result to the Cramér–Rao inequality and show that the product of the Fisher information
in the work distribution with the entropy production is bounded below by the square of the
inverse energy fluctuations. This inequality indicates that there is a minimal amount of entropy
production that is produced to acquire information about the work done to a quantum system
driven far from equilibrium.

GuillaumeGauthier
Rotationmeasurement using superfluid phonons
The University of Queensland

Accurate rotation sensing is a critical requirement for applications such as north-finding,
geophysical analysis and inertial navigation in GPS-denied environments, including deep
oceans, urban areas, or in situations where the GPS is jammed, spoofed or hacked. At
high enough accuracy, rotation sensing becomes a means of testing competing theories in
quantum mechanics, general relativity and geophysics, and could be used to add accuracy
to fundamental constants. I will describe our technique to achieve a phonon interferometer
suitable for rotation sensing, implemented using an atomic Bose–Einstein condensate confined
in a flat bottom trap, which we subsequently characterise by measuring artificial rotations in the
form of superfluid persistent currents.

TillWeinhold
Interconnecting atomic quantumnodes with photons
The University of Queensland

The high mobility and low decoherence of photons makes them front-runners for being the
messenger qubits between remote local quantum systems. Interchanging quantum states
between these remote systems will depend on the transfer of the desired quantum state onto
a photonic quantum state and its successful transmission, receipt and local storage. Optical
long-range transmission ideally utilises telecommunication frequencies to exploit the minimal
absorption window of glass fibres. Storage of quantum states in memories, on the other hand, is
an area in which atomic systems excel, with the best demonstration of storage of a quantum
state performed in a gradient echo memory (GEM). But atomic systems tend to not provide
suitable easily accessible states that coincide with telecommunication frequencies. 

Here we present on our work of storing single photons in a hot rubidium vapour using GEM
demonstrating above 90% storage efficiency and our separate work of transferring quantum
states resonant with rubidium atoms to the telecommunication C-band window through four-
wave mixing in rubidium-filled hollow-core fibres.
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Session 5

Lisa Kewley
Gender diversity in Australian academia
Australian National University

Australian Department of Education and Athena Swan data show that women’s participation at
the highest levels in academia remain at historically low levels, especially in science, technology,
engineering, mathematics and medicine (STEMM).  I will present new workforce forward models
that can predict the future gender balance of workforces in disciplines, organisations, colleges
and departments.  I will present predictions for the future gender diversity in Australia and the
UK, as well as showing how these models can be applied within organisations to inform strategic
planning and policy development for a more diverse academic workforce.  I will conclude by
showing how we have achieved 48% women in 4 years through a combination of recruitment
and culture change initiatives within our Centre for Excellence in All-Sky Astrophysics in 3D
(ASTRO 3D).

Larry Cohen
Low-overhead fault-tolerant quantum computing using long-range connectivity
The University of Sydney

Vast numbers of qubits will be needed for large-scale quantum computing using today’s fault-
tolerant architectures owing to the overheads associated with quantum error correction. We
present a scheme for low-overhead fault-tolerant quantum computation based on quantum
low-density parity-check codes (LDPC), where the capability of performing long-range
entangling interactions allows a large number of logical qubits to be encoded with a modest
number of physical qubits.  In our approach, quantum logic gates operate via logical Pauli
measurements that preserve both the protection of the LDPC codes and the low overheads
in terms of the required number of additional ancilla qubits.  Compared with the surface code
architecture, resource estimates for our scheme indicate order-of-magnitude improvements in
the overheads for encoding and processing around 100 logical qubits, meaning fault-tolerant
quantum computation at this scale may be achievable with a few thousand physical qubits at
achievable error rates.

John Bartholomew
Quantum integration with rare-earth ion spins in solids
The University of Sydney

Rare-earth ions are optically addressable solid-state spins with significant potential for enabling
quantum technology networks. Their highly coherent optical, electron spin, and nuclear spin
degrees of freedom are largely preserved across a large parameter space extending from the
single-ion regime through to extremely densely packed ensembles. In this talk, I will introduce
some of the recent work from the Quantum Integration Laboratory at the University of Sydney
developing devices to optically link single erbium ions embedded in crystals, investigating
hybrid microwave–optical sources of entanglement, and large-capacity quantum hard-drives
for transporting photonic quantum information.
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Bryon Villis
Readout and control of scaled-up quantum systems
The University of Sydney

A major research theme of EQUS is designer quantum materials comprising large arrays of
quantum dots with individual control and readout. The technique of dispersive gate sensing is
well suited to reading out quantum states in such (2D) scaled-up arrays. In this presentation, I
will highlight recent results where the development of cryogenic varctors have been utilised to
demonstrate and optimise state-of-the-art readout. I will describe how this technology, along
with the cryogenic-CMOS platform, may be used to manipulate scaled-up quantum systems.
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Session 6

Päivi Törmä
Newperspectives on quantumgeometry, superconductivity and Bose-Einstein condensation
Aalto University

Superconductivity, superfluidity and Bose–Einstein condensation (BEC) are many-body
phenomena where quantum statistics are crucial and the effect of interactions may be
intriguing. Superconductors are already widely applied, but theoretical understanding of
superconductivity and condensation in several real-world systems is still a challenge, and
superconductivity at room temperature remains a grand goal. We have discovered that
superconductivity (superfluidity) has a connection to quantum geometry [1–3]; namely, the
superfluid weight in a multiband system has a previously unnoticed component, which we call
the geometric contribution. It is proportional to the quantum metric of the band. The quantum
metric is connected to the Berry curvature, and this allows us to relate superconductivity with
the topological properties of the band. Using this theory, we have shown that superconductivity
is possible also in a flat band where individual electrons would not move. Recently, we and other
groups have shown [4–8] that these results are essential in explaining the intriguing observation
of superconductivity in bilayer graphene and may eventually help to realise superconductors at
elevated temperatures.

BEC has been realised for various particles or quasi-particles, such as atoms, molecules,
photons, magnons and semiconductor exciton polaritons. We have experimentally realised a
new type of condensate: a BEC of hybrids of surface plasmons and light in a nanoparticle array
[9, 10]. The condensate forms at room temperature and shows ultrafast dynamics, and the
system provides easy tunability of the lattice and unit-cell geometry and symmetries. Recently,
we have observed the formation of polarisation textures and domain walls, and obtained the
BEC phase for the first time using a phase retrieval algorithm [11]. Our measurements of spatial
and temporal coherence show a change from exponential decay to power-law or streched-
exponential when crossing to the BEC phase [12]. We have also observed that when the
nanoparticles are made of magnetic material, chiral modes and magnetic switching of lasing
become possible [13]. This paves the way for future studies of topological effects in these
systems.

[1] S. Peotta & P. Törmä. Nat. Commun. 6:8944 (2015).
[2] A. Julku, S. Peotta, T. I. Vanhala, D.-H. Kim & P. Törmä. Phys. Rev. Lett. 117:045303 (2016).
[3] P. Törmä, L. Liang & S. Peotta. Phys. Rev. B 98:220511(R) (2018).
[4] A. Julku, T. J. Peltonen, L. Liang, T. T. Heikkilä& P. Törmä. Phys. Rev. B 101:060505(R) (2020).
[5] X. Hu, T. Hyart, D. I. Pikulin & E. Rossi. Phys. Rev. Lett. 123:237002 (2019).
[6] F. Xie, Z. Song, B. Lian, B. A. Bernevig. Phys. Rev. Lett. 124:167002 (2020).
[7] L. Classen. Physics 13:23 (2020).
[8] P. Törmä, S. Peotta & B. A. Bernevig. arXiv 2111.00807 (2021).
[9] T. K. Hakala, A. J. Moilanen, A. I. Väkeväinen, R. Guo, J.-P. Martikainen, K. S. Daskalakis,
H. T. Rekola, A. Julku & P. Törmä. Nat. Phys. 14:739 (2018).
[10] A. I. Väkeväinen, A. J. Moilanen, M. Necada, T. K. Hakala & P. Törmä. Nat. Commun. 11:3139
(2020).
[11] J. M. Taskinen, P. Kliuiev, A. J. Moilanen & P. Törmä. Nano Lett. 21, 5202 (2021).
[12] A. J. Moilanen, K. S. Daskalakis, J. M. Taskinen & P. Törmä. arXiv 2103.10397 (2021).
[13] F. Freire-Fernandez, J. Cuerda, K. S. Daskalakis, S. Perumbilavil, J.-P. Martikainen, K. Arjas,
P. Törmä & S. van Dijken. Nat. Photon. (in press; arXiv:2104.14321).
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Session 7

ChaoMeng
Measurement-based preparation ofmultimodemechanical states
The University of Queensland

Nanomechanical resonators are a key tool for future quantum technologies such as quantum
force sensors and interfaces, and for studies of macroscopic quantum physics. The ability to
prepare room-temperature non-classical states is a major outstanding challenge. It has been
suggested that this could be achieved using a fast continuous measurement to break the usual
symmetry between position and momentum. Here, we demonstrate this symmetry breaking
and use it to prepare a thermally squeezed mechanical state. Our experiments take advantage
of collective measurements on multiple mechanical modes, which we show can increase the
measurement speed and improve state preparation. We show theoretically that this result
extends to the quantum regime, relaxing the requirements to generate non-classical states. 
We predict that multimode conditioning can enable room-temperature quantum squeezing
with existing technology. Our work paves the way towards room-temperature quantum
nanomechanical devices and their application in quantum technology and fundamental
science.

Terry Farrelly
Local tensor-network codes
The University of Queensland

We look at how to use tensors to describe stabiliser codes. By contracting these tensors, we can
get bigger stabiliser codes. Previously, we used this to find an efficient and exact decoder for
holographic codes. Here, we write the surface code as a tensor-network code. Then we show
how to calculate code distances by contracting a tensor network. Using our tensor-network
distance calculator, we find interesting small modifications of the surface code by changing
tensors in the tensor network. This corresponds to small improvements in the probability of
successful error correction (but comes at the cost of introducing a few higher-weight stabilisers).

KirkMcKenzie
Advances in laser stabilisation and precisionmeasurements for space applications and
beyond
Australian National University

In this talk, we report progress at the ANU node on precision measurements, including phase-
tracking with the weakest optical power signal beam, a laser-stabilisation scheme developed for
the next GRACE mission, advances in digital interferometry and new LiDAR techniques.
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Ramil Nigmatullin
Non-unitary quantum cellular automata
Macquarie University

In classical physics and computer science, cellular automata provide a powerful framework
for investigating the emergence of large-scale complex structures from local dynamical rules.
Similarly, complex dynamics of quantum many-body systems have been studied using quantum
cellular automata (QCA), in which the cellular update rules are implemented by localisable
unitary maps. In this work, we discuss a non-unitary QCA model, which is the open-quantum-
system generalisation of QCA. We develop non-unitary QCA for studying the dynamics of
directed-percolation non-equilibrium phase transitions [1] and for solving density classification
problems. These models can be implemented experimentally using Rydberg atomic arrays.

[1] R. Nigmatullin, E. Wagner & G. Brennen. Phys. Rev. Res. (in press).

Alejandro Gomez Frieiro
Protecting superconducting quantum circuits from quasiparticles generated by cosmic rays
The University of Queensland

Quasiparticles are energetic excitations above the superconducting gap, and can be thought
of as the result of separating a Cooper pair into unpaired charge carriers. Several authors
have previously observed hot non-equilibrium quasiparticle densities, which can be attributed
to different sources. Recent work has shown that the interaction of cosmic-ray-generated
ionising radiation with the substrate can create highly energetic phononic excitations, and the
resultant quasiparticles cause spacetime-correlated errors in superconducting qubits. In this
talk, I will describe a prototype of a kinetic inductance detector made of granular aluminium,
whose resonant frequency is highly sensitive to the generation of quasiparticles. This resonator
is placed on top of a membrane phononic resonator, which acts as a low-pass filter for phonons
in the substrate. Preliminary results suggest that the on-chip phononic low-pass filter could
reduce the phonon-induced quasiparticle generation rate.

LewisWilliamson
Utilising quantummany-body physics in engines
The University of Queensland

Engines suffer a trade-off between efficiency and power output. Studies of classical and
quantum engines reveal an underlying bound on the efficiency at maximum power, known as
the Curzon–Ahlborn bound, which is approximately half the Carnot efficiency. An important
open question in the field of thermodynamics is whether it is possible to devise a realistic
engine protocol that achieves high efficiency without compromising power. Counter-adiabatic
driving a quantum system achieves adiabatic evolution in finite time. However, this poses
practical challenges, as the exact drive is computationally intensive to find and often unrealistic
to engineer. Here we explore the performance of an engine made of arrays of interacting two-
level systems in an external magnetic field. Work strokes are implemented by tuning the external
magnetic field in a four-stroke engine cycle. We show that an approximate counter-adiabatic
drive can be realised by manipulating two-particle interactions, resulting in high power output
and high engine efficiency. Our results demonstrate theoretically a many-body enhancement in
the operation of a quantum mechanical heat engine, which could be realised in trapped ions or
Rydberg arrays.
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Portfolio updates

Public Engagement
Ben McAllister & Kristen Harley
Day 1: Wednesday 1 December
11:00 am (WA)/1:00 pm (QLD)/2:00 pm (NSW)

Translational Research Program
Paul Stanwix & Matt Davis
Day 2: Thursday 2 December
8:00 am (WA)/10:00 am (QLD)/11:00 am (NSW)

Mentoring and Career Development
Yuval Sanders
Day 3: Friday 3 December
9:00 am (WA)/11:00 am (QLD)/12:00 pm (NSW)

Equity in QuantumPhysics
Kristen Harley
Day 1: Wednesday 1 December
11:15 am (WA)/1:15 pm (QLD)/2:15 pm (NSW)

Translational Research Program
Yuval Sanders & Lyle Roberts
Day 2: Thursday 2 December
1:45 pm (WA)/3:45 pm (QLD)/4:45 pm (NSW)

Quantum for Educators
Yasmine Sfendla
Day 3: Friday 3 December
9:15 am (WA)/11:15 am (QLD)/12:15 pm (NSW)
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Competitions

Three-minute thesis competition
Day 1: Wednesday 1 December
WA: 1:30–2:30 pm
QLD: 3:30–4:30 pm
NSW: 4:30–5:30 pm

Entrants
Amy Navarathna (UQ)

Arkin Tikku (USYD)

Arjun Rao (UQ)

Brendan Harlech-Jones (USYD)

Cindy Zhao (UWA)

David Gozzard (UWA)

Guillaume Gauthier (UQ)

Justin Brown (USYD)

Michael Ma (USYD)

Yasmine Sfendla (UQ)

Pitch competition
Day 2: Thursday 2 December
WA: 12:15–1:00 pm
QLD: 2:15–3:00 pm
NSW: 3:15–4:00 pm

Entrants
Christina Giarmatzi (UTS)

Cyril Laplane (MQ)

Eric He (UQ)

Lauren McQueen (UQ)
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Poster competition
To view all the posters and chat with their authors, visit Slack.

Day 1: Wednesday 1 December
WA: 2:30–3:30 pm
QLD: 4:30–5:30 pm

Day 2: Thursday 2 December
NSW: 6:30–7:30 pm

Entrants

Aaron Quiskamp (UWA)

Abdallah El Kass (USYD)

Abithaswathi Muniraj Saraswathy (UQ)

Alex Terrasson (UQ)

Amy Navarathna (UQ)

Andrew Groszek (UQ)

Andrew Wade (ANU)

Ben McAllister (UWA)

Benjamin Dix-Matthews (UWA)

Callum Sambridge (ANU)

Carolyn Wood (UQ)

Christopher Baker (UQ)

Chun-Ching Chiu (UQ)

Dat Thanh Le (UQ)

Elisabeth Wagner (MQ)

Emily Rose Rees (ANU)

Eric Howard (MQ)

Evan Hockings (USYD)

Felix Thomsen (USYD)

Fernando Gotardo (UQ)

Harshit Verma (UQ)

Jacinta May (USYD)

James Lavis (UQ)

James Spollard (ANU)

Jemy Geordy (MQ)

Jeremy Bourhill (UWA)

Jihun Cha (UQ)

Juliette Soule (USYD)

Leo Sementilli (UQ)

Leonardo Assis Morais (UQ)

Lyra Cronin (MQ)

Mackenzie Shaw (USYD)

Maria Carol Villavedra (MQ)

Mark Webster (USYD)

Markus Rambach (UQ)

Namisha Chabbra (ANU)

Nicholas Fazio (USYD)

Paul Webster (USYD)

Pradeep Nandakumar (UQ)

Rohit Navarathna (UQ)

Sam Bartee (USYD)

Samuel Elman (USYD)

Samuel Smith (USYD)

Sarath Raman Nair (MQ)

Sebastian Malewicz (USYD)

Simeon Simjanovski (UQ)

Soroush Khademi (UQ)

Stefanus Edgar Tanuarta (USYD)

Tara Roberson (UQ)

Tim Harris (UQ)

Timothy Hirsch (UQ)

Timothy Newman (USYD)

Tomas Navickas (USYD)

Tyler Jones (UQ)

Walter Wasserman (UQ)

William Campbell (UWA)

Zhonghua Ma (UQ)

https://join.slack.com/t/equsannualwor-i2i7002/shared_invite/zt-yilt9a0m-_tuIFLhqchO8ccTMpZoWeA%C2%A0
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