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Solid state systems (Thursday, 10:15 am-12:00 pm) 
Chair: Stephen Bartlett 

Waveguide-mediated Interactions between Giant Artificial Atoms 
Simon Gustavson 
Massachusetts Institute of Technology  
 
In quantum optics experiments, atoms are typically treated as small point-like objects compared             
to the wavelength of the modes they interact with. Superconducting circuits offer a platform to               
study the physics of systems where this approximation no longer holds. Here, we realize a               
"giant" artificial atom by coupling a transmon qubit to multiple positions along a superconducting              
waveguide with separation on the order of the qubit wavelength. We show that the coupling               
between the qubits and the waveguide can be strongly tuned with the qubit frequency.              
Furthermore, we demonstrate a "decoherence free" exchange interactions between two giant           
atoms that are decoupled from spontaneous emission into the waveguide. Finally, we show how              
varying the number, relative coupling strength, and distance between coupling points can be             
used to engineer exotic spectra, with applications to quantum simulation. 

Silicon-based quantum computing 
The path from the laboratory to industrial manufacture 
Andrew Dzurak 
University of New South Wales  
 
In this talk I will give an overview of the development of silicon-based quantum computing (QC),                
from the basic science through to its prospects for industrial-scale commercialization based on             
CMOS manufacturing. I begin with Kane’s original proposal [1] for a silicon quantum computer,              
conceived at UNSW in 1998, based on single donor atoms in silicon, and will review the first                 
demonstrations of such qubits, using both electron spins [2,3] and nuclear spins [4]. I then               
discuss the development of SiMOS quantum dot qubits, including the demonstration of            
single-electron occupancy [5], high-fidelity single-qubit gates [6], and the first demonstration of a             
two-qubit logic gate in silicon [7], together with the most recent assessments of silicon qubit               
fidelities [9,10]. I will also explore the technical issues related to scaling a silicon-CMOS based               
quantum processor [8] up to the millions of qubits that will be required for fault-tolerant QC.  
 
[1]  B. E. Kane, Nature 393, 133 (1998). 
[2]  A. Morello et al., Nature 467, 687 (2010). 
[3]  J.J. Pla et al., Nature 489, 541 (2012). 
[4]  J.J. Pla et al., Nature 496, 334 (2013). 
[5]  C.H. Yang et al., Nature Communications 4, 2069 (2013). 
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[6]  M. Veldhorst et al., Nature Nanotechnology 9, 981 (2014). 
[7]  M. Veldhorst et al., Nature 526, 410 (2015). 
[8]  M. Veldhorst et al., Nature Communications 8, 1766 (2017). 
[9]  H. Yang et al., Nature Electronics 2, 151 (2019). 
[10] W. Huang et al., Nature 569, 532 (2019). 

Scaling down devices to scale up networks: recent advances in 
rare-earth ion quantum technologies 
John Bartholomew 
University of Sydney  
 
Rare-earth ions embedded in crystals are an appealing platform for realising a suite of quantum               
technologies. In addition to demonstrating high performance devices for optical quantum           
systems, rare-earth ion technology development has broadened to encompass integration with           
superconducting quantum systems and spin qubits. This expansion in hardware connectivity           
has been supported by key material developments and fabrication advances, including the            
demonstration of long electron spin coherence lifetimes and architectures for on-chip integration            
[1]. 
  
In this talk I will focus on recent results that use on-chip nanophotonic cavities to create optically                 
addressable spin qubits based on single rare-earth ions [2,3]. By scaling down to single ions               
and miniaturized architectures, these initial steps open up opportunities for scaling up resources             
in qubit networks through local and remote interactions. 
  
[1] Heshami et al., Journal of Modern Optics 63, 2005 (2016). 
[2] Raha et al., arXiv:1907.09992 [quant-ph] (2019). 
[3] Kindem et al., arXiv:1907.12161v1 [quant-ph] (2019). 
 

Topological Systems (Thursday, 1 pm - 2:45 pm) 
Chair: Martijn de Sterke 

Topological quantum walks in silicon 
Andrea Blanco-Redondo 
Nokia Bell Labs  
 
In this talk I will review our experimental results on topological quantum walks in silicon,               
including our recent demonstration of topologically protected spatially-entangled photonic         
states. This CMOS-compatible platform represents a versatile and convenient playground to           
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test topological quantum ideas and our results open new avenues towards robust quantum             
photonic circuits. 

Quantum topology identification with deep neural networks and 
quantum walks 
Wei-Wei Zhang 
University of Sydney  
 
Topologically ordered materials may serve as a platform for new quantum technologies, such as              
fault-tolerant quantum computers. To fulfil this promise, efficient and general methods are            
needed to discover and classify new topological phases of matter. In this talk, I will demonstrate                
that deep neural networks augmented with external memory can use the density profiles formed              
in quantum walks to efficiently identify properties of a topological phase as well as phase               
transitions. On a trial topological ordered model, our method’s accuracy of topological phase             
identification reaches 97.4%, and is shown to be robust to noise on the data. Furthermore, the                
trained DNN is able to identify topological phases of a perturbed model, and predict the               
corresponding shift of topological phase transitions without learning any information about the            
perturbations in advance. These results demonstrate that this approach is generally applicable            
and may be used to identify a variety of quantum topological materials. 

Circuit QED at 1T with a graphene transmon 
Maja Cassidy 
Microsoft Station Q Sydney 

Photonic systems (Thursday, 3:15 pm - 5 pm) 
Chair: Alessandro Tuniz 

3D photonic quantum chip and analog quantum computing 
Xianmin Jin 
Shanghai Jiao Tong University  
 
Photons can be generated, manipulated and detected comparatively easier than other quantum            
particles, and can be transferred over a long distance without coupling to the environment.              
Photons therefore are a promising candidate for realizing quantum information processing.           
However, the limitations of bulk optics have become a key bottleneck preventing quantum             
information technologies from being realized in practice. Alternatively, integrated photonics          
provides an elegant way to scale up quantum systems. In this talk, I will present our endeavors                 
at Shanghai Jiao Tong University on femtosecond laser direct writing of 3D photonic quantum              
chips, and their applications in quantum computing and quantum simulation, including           
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experimental demonstrations of a two-dimensional quantum walk, quantum fast hitting and           
works on quantum topological photonics. 

Shaping up high-dimensional quantum information 
Jacqui Romero 
University of Queensland  
 
High-dimensional quantum information using the shape of light has moved to the mainstream             
over the last few years. In this talk, I will provide a brief background of quantum information                 
using the transverse shape of light. I will then focus on recent developments on scaling up                
high-dimensional quantum information and how we can improve information processing using           
qudits. 

Recent advances in single photon detectors for quantum 
information 
Shoyi Xie 
University of Sydney 
 
Highly sensitive single photon detector is an enabling technology and vital in quantum             
communication, photonic quantum computing and quantum images. The advancement in optical           
quantum information technologies has placed extreme demands on the detector performances.           
In this talk I will give a review on the recent development of single photon detectors based on                  
different technologies and their applications. I will then introduce our research focused on the              
development of CMOS compatible and room temperature operated single photon detectors. 

Poster session (Thursday, 5 pm - 6:30 pm) 
Location: Research Foyer, Sydney Nanoscience Hub  

Quantum dark solitons in the one-dimensional Bose gas 
Joachim Brand 
Massey University, Auckland 
 
Dark and grey soliton-like states are shown to emerge from numerically constructed 
superpositions of translationally-invariant eigenstates of the interacting Bose gas in a toroidal 
trap. The exact quantum many-body dynamics reveals a density depression with superdiffusive 
spreading that is absent in the mean-field treatment of solitons. A simple theory based on 
finite-size bound states of holes with quantum-mechanical center-of-mass motion quantitatively 
explains the time-evolution of the superposition states and predicts quantum effects that could 
be observed in ultra-cold gas experiments. The soliton phase step is shown to be a key 

5 



ingredient of an accurate finite size approximation, which enables us to compare the theory with 
numerical simulations. The fundamental soliton width, an invariant property of the quantum dark 
soliton, is shown to deviate from the Gross-Pitaevskii predictions in the interacting regime and 
vanishes in the Tonks-Girardeau limit. 

Decoders for fracton topological codes and other highly 
symmetric systems 
Ben Brown 
University of Sydney 
 
Quantum error-correcting codes are an essential component for the realisation of a scalable             
quantum computer as they enable us to maintain and process quantum information even if the               
constituent components of the system are noisy. Quantum codes use special ’stabilizer            
measurements’ to detect errors that may have occurred. Given these measurements, a            
quantum error-correcting code then requires a decoding algorithm; an efficient classical           
algorithm that takes the results of the stabilizer measurements and attempts to determine the              
configuration of errors that led to the given pattern of stabilizer measurement outcomes. In this               
talk we will discuss some recent results showing how we can use the symmetries of a quantum                 
error-correcting code, and the symmetries of the system (namely the combined system of both              
the code and the error model) to realise practical decoding algorithms that have high thresholds.               
Finally, I will discuss potential new directions that we can take these ideas for the future                
development of quantum error-correcting codes and their respective decoders. 

Quantum simulation with donors qubits in silicon 
Gilles Buchs 
University of New South Wales 
  
A challenge to address in many-body quantum systems is to characterise the interactions and 
correlations within a quantum architecture, as well as to certify its evolution. Donors in silicon 
are promising candidates for quantum computation and simulation. They hold the ability to 
engineer quantum devices with a high level of control of the tunnelling and exchange 
interactions between the dopants using the atomic precision of scanning tunneling microscope 
(STM) lithography. These interactions can be measured by mapping out the wavefunction of 
coupled states at low-temperature. We have developed a platform to enable both the fabrication 
of STM donor devices and the spatially resolved spectroscopy of the interacting states, starting 
with a single and double quantum dots. We extend these results to the local spectroscopy of 
STM-based complex donor structures to evidence non-trivial states arising in Fermi-Hubbard 
many-body systems. 
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Enhancement Multi-photon Suppression from Solid-state 
Quantum-Dot Single-Photon Source by  Machine-Learning 
Jihun Cha 
University of Queensland 
 
Artificial atom-like systems, such as semiconductor quantum dots (QD), are a promising            
platform for single-photon sources. Recent breakthroughs in materials synthesis and fabrication           
have enabled QD single-photon devices, combining high emission brightness with near           
indistinguishable single-photon output [1]. In this work, we further improve the quality of             
single-photon output from our source [2] by pulse shaping. The folded version of the 4-f pulse                
shaping protocol is used to shape the excitation laser pulses. Active control of Spatial light               
modulator (SLM) is employed to match the bandwidth difference between the QD transition and              
the excitation laser pulse. Furthermore, the machine-learning process of SLM is conducting to             
investigate the optimal pulse shape. 
[1] P. Senellart, G. Solomon, A. G. White, “High-performance semiconductor quantum-dot           
single-photon sources,” Nature Nanotechnology 12, 1026 (2017). 
[2] N. Somaschi et al., “Near-optimal single-photon sources in the solid-state,” Nature Photonics             
10, 340 (2016). 

Optimising Measurement Scheduling in Variational Quantum 
Eigensolvers Using Anti-Compatibility Graphs 
Adrian Chapman 
University of Sydney 
 
Variational quantum eigensolvers constitute a promising application for near-term quantum          
computers. A crucial step in these protocols is energy measurement, which typically requires             
many independent runs of a quantum circuit to obtain statistics over the complementary Pauli              
observables which span the system Hamiltonian. There has recently been a great deal of              
progress in reducing the total number of measurements required by exploiting the commutativity             
relationships between Pauli terms in the Hamiltonian. In this work, we extend these techniques              
with our additional observation that these relationships for free-fermion Hamiltonians correspond           
exactly to line graphs. If the Hamiltonian of interest does not satisfy this property, it may be                 
partitioned into collections of Hamiltonian terms which individually do. This endows the            
Hamiltonian with a “fermionic Gaussian rank,” the minimum number of collections required to             
perform this partitioning. With modest quantum preprocessing, the number of independent           
measurements required can be reduced to exactly this rank. Because line graphs enjoy a              
hereditary structure, we are able to upper bound this rank for interacting k-local fermionic              
Hamiltonians over a fixed number of modes by performing an explicit decomposition for their              
universal graphs. 
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Genetic Algorithm for Quantum Cellular Automata on the Density 
Classification Problem 
Pedro Costa 
Macquarie University 
 
The density classification task also known as the majority problem is analysed here under a new                
approach. The problem consists in figure out about the density in a binary lattice, i.e. if the                 
density is bigger than 1/2, more 1s, or lower the 1/2, more 0s, inferring about a global                 
information of the system. The challenging in this problem appears when the system is              
manipulated by several constraints, for instance only allowing local interaction between the            
sites. Very often this problem is studied via the classical method of computation known as               
cellular automata. Working with deterministic cellular automata it was proofed that there is not a               
solution for this problem, that means that it does not exist a single rule in cellular automata that                  
solves the majority problem for all initial states. Now we employed the quantum cellular              
automata to solve the same task. So far we have always found a solution for this problem,                 
where the solution is achieved employing the genetic algorithm. 

Quantum simulation of Nagaoka ferromagnetism using a quantum 
dot plaquette 
J.P. Dehollain 
University of Technology Sydney 
 
Engineered, highly-controllable quantum systems hold promise as simulators of emergent          
physics beyond the capabilities of classical computers. An important problem in many-body            
physics is itinerant magnetism, whose existence in real systems has been subject to debate for               
decades. Here we use a quantum simulator consisting of a four-site square plaquette of              
quantum dots to demonstrate Nagaoka ferromagnetism. This form of itinerant magnetism has            
been rigorously studied theoretically but has remained unattainable in experiment. We load the             
plaquette with three electrons and demonstrate the predicted emergence of spontaneous           
ferromagnetism through pairwise measurements of spin. We find the ferromagnetic ground state            
is remarkably robust to engineered disorder in the on-site potentials and can induce a transition               
to the low-spin state by changing the plaquette topology to an open chain. This demonstration of                
Nagaoka ferromagnetism is an important step towards large-scale quantum dot simulators of            
correlated electron systems. 

Measuring and Suppressing Error Correlations in Quantum 
Circuits 
Claire Edmunds 
University of Sydney  

8 



 
Quantum error correction and the theory of fault-tolerance provide a path to large-scale             
quantum computing, but are challenged by the assumption of errors that are stochastic             
throughout a quantum circuit. Correlated errors both between sequential logic gates (temporal)            
and between different qubits (spatial) violate this requirement but are characteristic of laboratory             
environments where strongly correlated noise is commonly present. 
We provide an analytic framework that allows the identification of correlated errors in randomly              
compiled quantum circuits using only projective measurements at their conclusion. Furthermore,           
by “virtualising” standard logic gates with dynamically protected gates, we demonstrate the            
suppression of both temporal and spatial error correlations. 

Nonstationary force sensing under dissipative mechanical 
quantum squeezing 
Diego Bernal Garcia 
University of New South Wales 
 
We study the measurement of a classical force driving a mechanical oscillator that is part of an                 
optomechanical or electromechanical system. First, we consider a single mechanical oscillator           
interacting with a single electromagnetic cavity mode under two-tone driving; we study the             
necessary conditions to minimise the added force noise, and find that imprecision noise and              
back-action noise can be arbitrarily suppressed by manipulating the amplitudes of the input             
coherent fields. However, we observe that in a stationary force sensing scenario the force noise               
power spectral density cannot be reduced below the level of thermal fluctuations. Therefore, we              
consider a nonstationary protocol that involves non-thermal state preparation followed by a finite             
measurement time, which allows one to perform high-precision measurements with a sensitivity            
below the thermal noise of the mechanical oscillator, significantly increasing the signal-to-noise            
ratio for the detection of classical forces. 

Digital simulation of the quantum Rabi model phase transition in 
circuit QED 
Fabio Henriques 
University of Technology Sydney 
 
The Quantum Rabi model, which describes a two-level system coupled to a single-mode cavity              
field, is the most fundamental description of quantum light-matter interactions. Despite its            
simplicity, it predicts exotic phenomena such as ground-state entanglement in the ultrastrong            
and deep-strong coupling regimes. It is even possible to define a thermodynamical limit where a               
quantum phase transition can be observed between localised and delocalised phases. The            
latter is characterized by photon build up and state degeneracy. If the system is tuned               
dynamically through the critical point, the inevitable non-adiabaticity that results from closing            
energy gaps results in excitations described by the Kibble-Zurek mechanism. In this work, we              
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investigate the suitability of a circuit-QED-based digital quantum Rabi simulator (DQRS) for            
observing both equilibrium and dynamical signatures of the quantum Rabi phase transition. We             
numerically model the DQRS to explore its performance in the extreme parameter ranges             
required to realise an effective thermodynamic limit, and explore the effects of digitisation and              
digitisation errors on experimentally measurable signatures of the quantum phase transition. 

Machine learning of quantum phases of matter 
Eric Howard 
Macquarie University 
 
State-of-the-art deep learning techniques such as artificial neural networks provide a fresh            
perspective on the study of quantum many body states. We explore the nature of quantum               
phase transitions and discriminate phases of matter by extracting relevant order parameters and             
essential features of the many-body wavefunction using a convolutional neural network. These            
features are later used to identify the phase transition in an unsupervised learning environment,              
such as k-means clustering. We apply the deep learning algorithm to the Ising model in the                
presence of a local magnetic field and at a finite temperature. The neural network is trained to                 
extract the relevant order parameters of Ising configuration needed for detecting the critical             
temperature and identify the phase transition. 

Discretisation effects in circuit-QED-based digital quantum 
simulators 
Cahit Kargi 
University of Technology Sydney 
 
In digital quantum simulations (DQS), complex Hamiltonian evolution that cannot be directly            
realised on a simulator can be approximated by breaking it up into sequential steps of simpler                
dynamics that can be implemented directly. In the most common approach, known as             
Trotterisation, time discretisation introduces unavoidable simulation error. Recent numerical         
studies show that rigorous generic error bounds may significantly overestimate the errors in             
physically interesting observables, and suggest errors display threshold behaviours in the           
discretisation time that separate the simulated dynamics into stable and quantum chaotic            
regimes. In this work, we explore these Trotterisation effects in more detail in the context of                
circuit-QED-based digital quantum simulators, beginning with a recently demonstrated protocol          
for simulating ultrastrong light-matter interactions. Using numerical results, we attempt to identify            
and categorise effects leading to the breakdown of simulation accuracy in DQS. We observe              
threshold behaviours in the system dynamics and look for measurable signatures of quantum             
chaos. We also show that discretisation causes aliasing effects, which limit the range of system               
parameters that can be accurately simulated. 
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Harnessing atomic forces for the optical manipulation of 
mesoscopic object 
Cyril Laplane 
Macquarie University 
 
Optical tweezers usually rely on the interaction of light and the polarizability of the nanoparticle.               
Applying the powerful toolbox of atomic physics, we here want to exploit electronic resonances              
of optical centres embedded in solid-state matrix to enhance the optical forces [1]. We want to                
explore this effect in nanocrystals with a high concentration of active centers. It has been shown                
[2] that if the atoms are close enough to each other, they can act cooperatively, enhancing                
further the optical forces. We plan to investigate the dipole and scattering component of the               
resonant optical forces and their dependence on the density of centres. In particular we chose               
to study these effects on SiV nanodiamonds and rare-earth ions doped nanocrystals. These             
studies might help us understand collective effects in the solid-state and help us harvest a               
relatively new effect for quantum technologies of mesoscopic systems. 
[1] M. L. Juan & al., Nat. Phys. 13, 241–245 (2017) 
[2] B. Prasanna Venkatesh & al., Phys. Rev. Lett. 120, 033602 (2018) 

The Road to Quantum Supremacy with Trapped Ions 
Zain Mehdi 
Australian National University 
 
We present thresholds for implementing the quantum simulation of the Fermi-Hubbard model on             
trapped ion quantum information processor with fast gates. Using an architecture where ions             
are in a two-dimensional micro-trap array, we present the requirements on gate fidelity and              
speed to implement the simulation beyond the current capability of classical computers. 

Trapped Ion Arrays Enable Scalable Quantum Computation 
Alexander Ratcliffe 
Australian National University 
 
We present a blueprint for a scalable quantum information processor, based on a             
two-dimensional trapped ion architecture. We show that using fast gates, a device capable of              
large scale computation can be realised with technology that has been experimentally            
demonstrated. We show that this architecture is theoretically able to scale without decreasing             
fidelity or speed of entangling gate operations. We also present the experimental requirements             
to implement such an architecture. 
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Black-box quantum state preparation without arithmetic 
Yuval Sanders 
Macquarie University 
 
Black-box quantum state preparation is an important subroutine in many quantum algorithms. 
The standard approach requires the quantum computer to do arithmetic, which is a key 
contributor to the complexity. Here we present a new algorithm that avoids arithmetic. We 
thereby reduce the number of gates by a factor of 286-374 over the best prior work for realistic 
precision; the improvement factor increases with the precision. As quantum state preparation is 
a crucial subroutine in many approaches to simulating physics on a quantum computer, our new 
method brings useful quantum simulation closer to reality. 

Flying pairs of entangled atoms 
David Shin 
Australian National University 
 
Entanglement forms the basis for a wide range of quantum technologies, such as in quantum               
information processes and quantum metrology. The foundation of quantum mechanics has only            
recently passed a rigorous experimental scrutiny -- in a loophole-free Bell test set out to observe                
nonlocal correlations between entangled qubits -- with an undeniable success. In these            
experiments, the qubits have been internal degrees of freedom such as the spin of an electron                
in solid-state systems, or the polarisation of a photon. Whether such nonlocal correlations could              
be observed in the motion of massive systems still remains open, but could provide insights into                
the link between gravity and quantum mechanics, due to the much stronger gravitational             
coupling to these qubits. 
We report on a significant step towards achieving this goal by our recent demonstration of the                
generation of flying pairs of entangled atoms, and the first observation of quantum nonlocal              
correlations in such a system. Our atomic pair source is analogous to the entangled pairs of                
photons generated via spontaneous four-wave mixing, where a collision of two ultracold gas of              
helium atoms scatter pairs of flying atomic qubits entangled by the conservation laws. 

Dispersive readout for Majorana qubits 
Thomas Smith 
University of Sydney 
 
We present numerical analysis of dispersive readout of Majorana qubits. Both Majorana            
transmon and Majorana box qubits are considered. We demonstrate that the qubit            
state-dependant dispersive shifts may be made comparable to conventional superconducting          
transmon qubits. 
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Quantum Random Number Generation using a Solid State Single 
Photon Source 
Alexander Solntsev 
University of Technology Sydney 
 
Localized solid state atomic defects enable bright single-photon emission at room temperature,            
which we employ for quantum random number generation. We couple photons generated in             
hexagonal boron nitride (hBN) to an integrated photonic waveguide structure to create spatial             
entanglement. We show that the purity of the single photons provided by the hBN emitter is                
maintained by these on-chip state manipulations, and demonstrate how this approach can be             
utilized for true quantum random number generation. 
 

Topologically Protected Quantum Entanglement 
Yao Wang 
Shanghai Jiao Tong University 
 
Quantum entanglement, as the strictly non-classical phenomenon, is the kernel of quantum            
computing and quantum simulation, and has been widely applied ranging from fundamental            
tests of quantum physics to quantum information processing. The decoherence of quantum            
states restricts the capability of building quantum simulators and quantum computers in a             
scalable fashion. Meanwhile, the topological phase is found inherently capable of protecting            
physical fields from unavoidable fabrication-induced disorder, which inspires the potential          
application of topological protection on quantum states. Here, we present the first experimental             
demonstration of topologically protected quantum entangled states on a photonic chip. The            
process tomography shows that quantum entanglement can be well preserved by the boundary             
states even when the chip material substantially introduces relative polarization rotation in            
phase space. Our work links fields of topology, material, and quantum physics, opening the door               
to wide applications of topological enhancement in genuine quantum regime. 

Tomography of quantum dots in a non-hermitian photonic chip 
Simon White 
University of Technology Sydney 
 
Quantum optical information systems offer the potential for secure communication and fast            
quantum computation. To fully characterise a quantum optical system one has to use quantum              
tomography. The integration of quantum optics onto photonic chips provides advantages such            
as miniaturization and stability, significantly improving quantum tomography using both          
reconfigurable and simpler static designs. These on-chip designs have, so far, only used             
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probabilistic single photon sources. Here we are working towards static chip quantum            
tomography using a true deterministic source - an InGaAs quantum dot.  
The chip operates by splitting a state of a photon, generated by a quantum dot, from two inputs                  
(0 and 1) into four outputs. This is achieved through a combination of lossless and               
non-Hermitian couplers (couplers with loss). Non-Hermitian couplers typically lead to poor           
performance of quantum optical systems, but here we show that by carefully controlling the loss               
we can optimize the chip for tomography. 

Site-resolved imaging of beryllium ion crystals in a 
high-optical-access Penning trap 
Robert Wolf 
University of Sydney 
 
Over recent decades, significant progress has been made toward building a universal quantum             
computer. Realizing such a device, however, remains a challenge requiring breakthroughs in            
many areas of science and engineering. Fortunately, this is not the sole approach for the               
implementation of important computational tasks where quantum advantages may be gained.           
Here, we focus on the concept of an analog quantum simulator, namely, a controllable quantum               
system that mimics the behavior, or evolution, of another less accessible system of interest [1].  
 
Laser-cooled ions in a Penning trap can naturally form large-scale frustrated ion crystals ideally              
suited for quantum simulation of e.g. quantum magnetism [2] and quantum sensing [3]. At the               
University of Sydney we are developing such a platform to study quantum spin dynamics in               
two-dimensional ion crystals using engineered interactions. We present an experimental          
overview as well as successful site-resolved imaging of beryllium ion crystals and first             
characterizing experiments [4]. 
 
[1] Simulating physics with computers, R. P. Feynman, Int. J. Theor. Phys. 21, 467 (1982);               
Quantum simulation, I. M. Georgescu, S. Ashhab & F. Nori, Rev. Mod. Phys. 86, 153 (2014).  
[2] Quantum spin dynamics and entanglement generation with hundreds of trapped ions, J. G.              
Bohnet, B. C. Sawyer, J. W. Britton, M. L. Wall, A. M. Rey, M. Foss-Feig & J. J. Bollinger,                   
Science 352,  1297 (2016) . 
[3] Amplitude Sensing below the Zero-Point Fluctuations with a TwoDimensional Trapped-Ion           
Mechanical Oscillator, K. A. Gilmore, J. G. Bohnet, B. C. Sawyer, J. W. Britton & J. J. Bollinger,                  
Phys. Rev.  Lett. 118, 263602 (2017).  
[4] Site-resolved imaging of beryllium ion crystals in a high-optical-access Penning trap with             
inbore optomechanics, H. Ball, Ch. D. Marciniak, R. N. Wolf, A. T.-H. Hung, K. Pyka & M. J.                  
Biercuk, Rev. Sci. Instrum. 90, 053103 (2019). 
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A Polynomial-Scaling Stochastic Approach for the Exact 
Diagonalization Study of Quantum Many-Body Problems 
Mingrui Yang 
Massey University Auckland 
 
Being able to describe a many-body system in the quantum regime is an essential part towards                
understanding how our world works in the microscopic scope. However, due to their highly              
correlated and entangled nature, quantum many-body systems are extremely difficult to be            
exactly described. The exact diagonalisation method is an important tool in solving quantum             
many-body problems. It refers to finding eigenvalues and vectors of a quantum many-body             
problem that is formulated as a matrix diagonalisation problem in a many-particle Fock basis.              
However, the computational cost scales exponentially with the size of the system which makes              
the diagonalisation method unusable. Is it possible to obtain exact results if both the matrix and                
even the vectors are too large to be stored in computer memory? Here, we introduce a “vector                 
free” method, Full Configuration Interaction Quantum Monte Carlo (FCIQMC) [1]. FCIQMC           
utilises the stochastic sampling of Hilbert space with random numbers, where the exact results              
can be obtained by a time-average over a number of timesteps. We also demonstrate a               
polynomial scaling of computational complexity with system size for solving a bosonic lattice             
model. 
[1] G. H. Booth, A. J. W. Thom, A. Alavi, J. Chem. Phys, 131, 054106 (2009). 

Quantum Chemistry (Friday, 9:00-10:45 am) 
Chair: Ivan Kassal 

Simulating chemistry on near-term quantum devices: challenges 
and opportunities 
Nicholas Rubin 
Google 
 
Simulating chemistry on near-term quantum resources has been heralded as a promising            
candidate application for non-error corrected devices. Recent advances in superconducting          
qubits suggests that “quantum supremacy”, for a variety of applications, is potentially available             
in the next few years. We address the question of performing simulations of chemical systems               
that are beyond the classical limit on such devices. I will focus on resource requirements for the                 
variational-quantum-eigensolver and methodologies that greatly extend the accuracy of the          
method without incurring significant additional quantum resources. We conclude with a           
discussion of possible error mitigation techniques that have an intimate relationship to the             
geometry of allowable fermionic states. 
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Qubitization of Arbitrary Basis Quantum Chemistry Leveraging 
Sparsity and Low Rank Factorization 
Dominic Berry 
Macquarie University 
 
Arguably the most important potential application of quantum computers is simulating quantum            
chemistry. Initial estimates of the number of gates required for classically intractable cases like              
FeMoco (relevant to nitrogen fixation) were impractically large. Here we combine a number of              
approaches that together dramatically improve the speed of the quantum simulation. We use             
the linear combination of unitaries approach, and take advantage of the structure in the              
Hamiltonian. One approach is to use a low-rank tensor factorisation, which yields O(N^{3/2}λ)             
complexity, where N is the number of orbitals and λ is the 1-norm of the Hamiltonian. In prior                  
work this scaling has only been achieved using the plane wave basis, which is not suitable for                 
molecules without greatly increasing N. Another approach is to take advantage of the sparsity of               
the Hamiltonian more directly. That is not expected to scale as well for large N, but for the                  
example of FeMoco we find that it is highly efficient, with the complexity improved by about                
three orders of magnitude over prior work. Throughout we quantify complexity by the number of               
Toffoli gates, as they are the key non-Clifford gates that bottleneck the fault tolerant              
implementation. 
 

Quantum Chemistry: The Good, the Bad and the Ugly 
Peter Gill 
University of Sydney 
 
Quantum Chemistry occupies the Fertile Crescent where Mathematics, Physics, Chemistry and           
Computer Science meet. Several Nobel Prizes in Chemistry (1954, 1966, 1981, 1998, 2013)             
have been awarded for major advances in the field but a number of formidable theoretical and                
computational challenges remain unsolved. 
After presenting a bird’s-eye view of the subject, I will discuss some of those challenges and                
argue that research in the field has trifurcated into three philosophically distinct branches. All              
three aim to exploit the staggering potential of next-generation computers, but each is guided by               
a different set of scientific priorities. 
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Atoms and Ions I (Friday, 11:15 am - 12:15 pm) 
Chair: Cornelius Hempel 

Entanglement dynamics and scrambling in a trapped-ion quantum 
simulator of the Dicke model 
Arghavan Safavi 
University of Queensland 
 
When quantum information "scrambles", information initially stored in the local degrees of            
freedom of a quantum many-body system spreads over its many-body degrees of freedom,             
becoming inaccessible to local probes. Scrambling and entanglement are considered key           
concepts that reconcile seemingly antithetical thermalization of isolated quantum systems.          
Moreover, these two concepts provide a unifying framework for understanding non-equilibrium           
phenomena in atomic, molecular, and optical systems, quantum condensed matter systems,           
and the physics of blackholes. I will show that a specific family of fidelity out-of-time-order               
correlators (FOTOCs), recently measured in a trapped-ion quantum simulator via time reversal            
of the many-body dynamics followed by a fidelity measurement, can serve as a unifying              
diagnostic tool that elucidates the intrinsic connection between fast scrambling, volume law            
entanglement, ergodicity,chaos, and the associated butterfly effect in the semiclassical          
dynamics of the system. I will demonstrate the utility of the FOTOCs using the Dicke model                
which has been recently benchmarked in a 2d trapped-ion quantum simulator. 

The Penning trap as an analog quantum simulation platform 
Christian Marcinak 
University of Sydney 
 
Analog quantum simulators are purpose-built quantum computers, that lack computational          
universality. Due to their limited scope they present fewer challenges in implementation than             
their fault-tolerant, universal counterparts. Therefore, analog quantum simulators using         
mesoscopic quantum systems are expected to show near-term speedups over current-day           
classical computation in physically relevant problems . 
 
In my talk, I will discuss a wide-optical-access Penning trap as a platform for analog quantum                
simulation with hundreds of qubits in a two-dimensional Coulomb crystal of beryllium ions. I will               
present the Penning trap itself, and the surrounding infrastructure that will enable quantum             
simulation of the frustrated, homogenous transverse Ising model via         
optical-dipole-force-induced couplings. 
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Atoms and Ions II (Friday, 1:15 am - 3 pm) 
Chair: Cornelius Hempel 

T.B.A. 
Christopher Monroe 
University of Maryland 
 

Excitations in strongly interacting Fermi gases 
Christopher Vale 
Swinburne University of Technology 
 
Dynamical processes in strongly-correlated quantum systems are notoriously challenging to          
model theoretically but are central to understanding transport and dissipation. Here, we            
experimentally measure the excitation spectra of strongly interacting Fermi gases as a function             
of both the temperature and interactions. At temperatures below the superfluid transition, long             
wavelength excitations are dominated by the Bogoliubov-Anderson phonon mode whose          
frequency and width provide the sound speed and damping rate, respectively. At higher             
energies, single particle excitations become accessible allowing a direct measurement of the            
pairing gap. Bragg spectra of gases at unitarity show a strong dependence on the temperature,               
particularly across the superfluid transition where the evolution of the phonon mode displays             
striking similarities to what is found in liquid helium. In the high-momentum limit, studied of the                
excitation spectra reveal universal features, such as Tan’s contact parameter which we have             
mapped across the superfluid transition. Our measurements establish quantitative benchmarks          
for many-body theories of fermionic matter. 

Thermalisation of Spin-Orbit coupled Bose-Einstein Condensates 
Maarten Hoogerland 
University of Auckland 
 
We report on recent experiments on using synthetic magnetic and electric fields, as well as               
spin-orbit coupling using carefully controlled Bose-Einstein Condensates. 
 
We illuminate a BEC with a pair of counter-propagating laser beams to couple internal states of                
the atoms, resulting in a collection of dressed states. For a small coupling strength              

, where is the recoil energy, the dispersion relation for the BEC becomes a               
double well in quasi-momentum space with the states near the two minima being pseudospin              
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states labelled and . This is known as the Spin-Orbit coupling (SOC) regime, where the                
spin of the BEC fraction is strongly correlated with its momentum. 
 
We apply a (synthetic) electric field on the pseudospin states by rapidly changing the (synthetic)               
magnetic field, accelerating them in the opposite direction. These components then oscillate in             
the harmonic confining potential, and collide. We measure the rate of rethermalisation of the              
oscillating pseudospin states in both the uncoupled and SOC regimes gaining insight into the              
rethermalization processes present for SOC ultracold bose gases. 
We find the presence of SOC in the thermalization greatly enhances the rate at which the                
system approaches thermal equilibrium and results in a larger condensate fraction remaining.            
We calculate the temperature of the final thermalized state and compare the temperature in              
different SOC environments with various spin polarisations. 

General Quantum Simulation and Computing 
(Friday, 3:30 pm - 4:30 pm) 
Chair: Stephen Bartlett, Wei-Wei Zhang 

Tuneable transmon interactions for novel many-body quantum 
simulations 
Nathan Langford 
University of Technology Sydney 
 
Analog quantum simulations offer rich opportunities for exploring complex quantum systems,           
especially for interacting many-body lattices which can be closely mapped onto the physical             
connectivity of a specially engineered simulator system. The versatility of such a simulator             
platform is determined by its range of accessible complexity and interaction types, and its ability               
to access different interaction regimes in situ. Circuit QED platforms are very attractive because              
of site-specific control and readout, and flexible and engineerable system designs. But adding to              
the design toolbox increases the range of simulable phenomena: moving beyond (linear)            
hopping interactions to incorporate nonlinear interactions would facilitate far more complex           
Hamiltonians. 
 
In a recent experiment, we demonstrated tuneable hopping (linear) and cross-Kerr (nonlinear)            
interactions in a highly coherent two-transmon unit cell that gives access to different interaction              
regimes. We characterised the unit cell's energy landscape spectroscopically and showed           
excellent agreement with a full theoretical model of the underlying circuit Hamiltonian, as well as               
showing high qubit coherence at all bias points. Our device illustrates a scalable building block               
for simulators of extended Bose-Hubbard and Heisenberg XXZ models, and may also have             
applications in quantum computing such as realising fast two-qubit gates and perfect state             
transfer protocols. 
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Scalable estimation of noise in quantum devices 
Steven Flammia 
University of Sydney 
 
I will discuss three results related to the scalable estimation of noise in a quantum device. First,                 
the scalable estimation of Pauli channels that factorize over a bounded-degree Markov field,             
Pauli channels that have sparse error rates, and finally scalable estimation of Hamiltonians and              
Lindbladians comprising few-body terms. All of these protocols are scalable in n, the number of               
qubits and are robust to a large class of state preparation and measurement errors, making               
them suitable for use in characterizing noise in present-day and near-term quantum devices.             
This is joint work with Robin Harper, Tim Evans, and Joel Wallman.  
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