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Sam Bartee
Time-Division Multiplexing of Semiconductor Qubits
Current strategies for the readout in quantum computing architectures use significant 
resources, requiring the use of readout systems that would be inefficient to duplicate. The 
ability to share these readout systems is paramount to scalability. A design incorporating time-
division multiplexing (TDM), allowing for the efficient readout of multiple quantum systems, is 
realised on a GaAs quantum dot device with several quantum point contact charge sensors. This 
device incorporates lithographically defined switches with no impact on the impedance 
matching network. Using this technique in partnership with frequency multiplexing allows for 
the addressal of multiple qubits with each time division, significantly increasing single line 
readout capacity.

Claire Edmunds 
High performance microwave gates on a trapped ion system
High quality, error robust, single and two-qubit gates are a fundamental component in the 
quantum computing architecture. Their performance, however, is often limited by the 
sensitivity of quantum systems to fluctuations in both the environment and the control field, 
which can create gate errors that will accumulate throughout a quantum circuit.

We perform single-qubit and global multi-qubit operations using a microwave control field 
addressing trapped ${}^{171}\textrm{Yb}^{+}$ ion qubits, achieving a single-qubit average error 
per gate of $1.9\times10^{-5}$ using "primitive" physical gates, as measured by randomised 
benchmarking. We illustrate the usefulness of replacing primitive operations with error 
suppressing, composite pulse, dynamically corrected gates (DCGs), which can homogenise error 
rates across a string of qubits under a global control field, in addition to improving the average 
error over the string. Using engineered noise, we demonstrate the robustness of DCGs to both 
static offsets and low frequency, time-varying noise in the appropriate quadrature; this 
introduced robustness can improve net error rates, reduce drifts in the errors over time, and 
whiten the error spectra of gates relative to coloured input noise spectra.

Finally, we discuss a microwave synthesis chain using a cryogenic sapphire oscillator and an 
ultra-low phase noise arbitrary waveform generator to improve the control field phase noise 
and reduce the calibration overhead required by traditional IQ modulation generated from two 
independent DAQs.

Akram Youssry
Modeling and Control of a Reconfigurable Photonic Circuit using Deep Learning
In this work, we address the problems of practically modeling and controlling an integrated 
optical waveguide array chip—a technology expected to have many applications in 
telecommunications and optical quantum information processing. This photonic circuit can be 
electrically reconfigured, but only the output optical signal can be monitored. As a result, the 
conventional control methods cannot be naively applied. Characterizing such a chip is 
challenging for a number of reasons. We have developed a GRU-based deep neural network 
approach to solve these problems.  We use this architecture to solve a classical and a quantum 
control problem. In the classical application we find a control sequence to approximately realize 
a time-dependent output power distribution. For the quantum application we obtain the 
control voltages to realize a target set of quantum gates. The method we propose is generic and 
can be applied to other systems that can only be probed indirectly



Thomas Bell 
Generating Turbulent Bose-Einstein Condensates using Digital Micromirror Devices 
Confined ensembles of dilute atomic vapours represent one of the purest experimental 
systems for the study of collective phenomena and the production of quantum mechanical 
many-body groundstates. Numerous collective many-body states are achievable using 
dilute atomic vapours under different experimental conditions. Bose-Einstein condensation 
forms under extremely low temperature conditions where the lowest spatial mode 
occupation grows macroscopically. When formed under appropriate conditions, the 
condensed ensemble additionally exhibits superfluidity.
Turbulent superfluid systems characteristically include numerous well localised and 
chaotically evolving vortex circulations. Within oblate superfluids, excitations along the 
vortex cores are suppressed, and the vortex distribution constitutes another interesting 
long-range interacting many-body subsystem. An outstanding need for experimental 
technologies which deterministically seed various alternative vortex distributions currently 
constrains the scope of investigations involving turbulent Bose-Einstein condensates.
In this work we develop an experimentally feasible method for deterministically seeding 
several alternative vortex distributions within Bose-Einstein condensates using a digital 
micromirror device [1]. Our method initially forms stationary condensates within concentric 
circular reservoir potentials. Unequal persistent currents are then generating around those 
concentric reservoirs using a rigid-body acceleration strategy developed using the concept 
of phase imprinting. Finally, removing the barriers which seperate the reservoirs 
deterministically seeds vortices along each superfluid shearing boundary. Several example 
adaptations are demonstrated.

[1] G. Gauthier et.al., “Direct imaging of a digital-micromirror device for configurable 
microscopic optical potentials”, Optica 3, 1136 (2016).

Larnii Booth 
Quantum limited measurement of biomolecule motion
Motor molecules are a class of biological molecules that take chemical energy and convert it 
to mechanical work. They perform the manual functions in a cell which are crucial for any 
living organism but are still poorly understood. Understanding how they work will be 
valuable to many fields – from medicine to engineering. They vary in size from 5-40nm, 
making direct optical imaging impossible. In addition, it is probable that using fluorescent 
labelling to image motor molecules impedes the normal function of the motors. The 
solution this project proposes is to use unlabelled biosensing to detect changes in elastic 
dipole scattering from the motor molecule as it moves. Previous unlabelled biosensors have 
used plasmonics and micro resonators to detect molecular dynamics, however, they use 
high intensities which are known to damage biological samples. Quantum limited sensing 
has been demonstrated as a solution to this, as it allows the sensor to operate much lower 
intensities, however, current implementations with evanescent nanofibres do not have the 
resolution to resolve motor molecule dynamics. I will present my work on the design and 
fabrication of a plasmonic/evanescent waveguide device which combines the high 
resolution of plasmonic sensing with the low intensity operation afforded by quantum-
limited detection. This device will be used to monitor motor molecule dynamics. I will also 
present a novel way to model molecular dynamics using the interactive dipole model for a 
better prediction of the molecular motor scattered signal.



Sarah Lau
Subtleties of Spectrally Filtering Narrowband Single Photons
Foundational to many quantum technologies are atom-light interfaces. Through this, the 
benefits of both systems can be exploited for many quantum communication and 
computation protocols. Narrowband single photons are required for efficient interactions 
with matter. We demonstrate how sub-megahertz linewidth single photons can be 
generated through cavity-enhanced down-conversion. This creates frequency multi-mode 
single photons, which can be spectrally filtered to a single frequency mode. Here we explore 
some subtleties that arise from different spectral filtering regimes and photon 
characterisation.

Thomas Boele 
Tailored nanodiamonds for hyperpolarized 13C magnetic resonance imaging
Nanodiamond is a promising nanomaterial for emerging theranostic applications as an 
optically-active, biocompatible agent for drug tracking and delivery. Nanodiamond has 
been shown to be well tolerated at clinically-relevant doses in primates and as a constituent 
of bioplastic implants in humans. That biocompatibility has been harnessed in applications 
where nanodiamond has been used to aid drug delivery and efficacy. Additionally, 
nanodiamonds unique optical properties have enabled fluorescent tracking of cells or 
individual nanodiamonds on the cellular level. These properties already make nanodiamond 
an exciting material for biomedical applications and the recent addition of hyperpolarized 
13C magnetic resonance imaging (MRI) adds the possibility of whole-body length scale 
imaging to nanodiamonds repertoire.

To realise the potential of hyperpolarized 13C nanodiamond MRI as a multi-modality 
theranostic bioimaging technique we must overcome the challenge of engineering 
nanodiamonds with slow spin-lattice relaxation and high 13C polarization. Here we present 
tailored nanodiamonds with enhanced 13C polarization, long spin relaxation times and 
biologically-relevant particle size. Taking advantage of the surface-to-volume ratio of 
nanoparticles we have improved the dynamic nuclear polarization performance of synthetic 
nanodiamonds by applying acid cleaning and air oxidation protocols. Our results untangle 
the effects different paramagnetic species have upon the polarization behaviour, identifying 
the importance of substitutional nitrogen defect centers in the nanodiamond core. These 
results will guide the development of nanodiamonds optimised sufficiently to fulfil 
nanodiamond enormous promise in bioimaging.

Jihun Cha
Enhancement Multi-photon Suppression from Solid-state Quantum-Dot Single-Photon 
Source by Machine-Learning
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.



Leonardo Assis Morais
Revealing the Number of Single Photons in Real Time
We report a reconfigurable field-Programmable Gate Array processor for transforming 
signals from transition-edge sensors into photon-number-resolving measurements, 
providing on-the-fly data analysis with photon resolution, up to 15 photons at 820 nm.

Adrian Chapman 
Optimising Measurement Scheduling in Variational Quantum Eigensolvers Using Anti-
Compatability Graphs
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.

Maarten Christenhusz 
2D Box Traps for Bose-Einstein condensates
A common optical trap used for trapping Bose-Einstein Condensates is made by focusing a 
red-detuned beam onto atoms. In our lab, we combine this with a blue-detuned potential 
that allows arbitrary 2D trap shapes. Because the red detuned beam forms an attractive 
potential, thermal atoms can be held outside the 2D trap, making experiments on a variety 
of transport phenomena difficult and introducing noise on other experiments. A completely 
blue-detuned optical trap overcomes this problem, as the repulsion completely disposes of 
hot atoms outside of the 2D trap. We form our trap by creating an optical lattice of blue-
detuned light, and trapping atoms in between the nodal lattice planes. Then, when 
combining this with another blue-detuned trap which confines the atoms in the horizontal 
plane, we are able to create a 2D box potential for BECs with high condensate fractions. The 
lattice spacing is easily adjustable, which will be implemented to realise high trapping 
frequencies, allowing for fully 2D quantum transport experiments.

Jemy Geordy 
Towards the quantum control of single and ensemble NV spins in diamond
Nitrogen vacancy (NV) centers in diamond are excellent candidates for quantum 
technological applications. The ability to polarize and readout of the spin states by optical 
means at room temperature makes it valuable for applications such as quantum sensing, 
quantum information processing etc. Coherent control of spin states are critical to engineer 
these spin states for practical applications. Our work focuses on coherent manipulation and 
control of single and ensemble NV spin systems in diamond. This poster discusses our initial 
steps and future plans towards the quantum control of spin systems in diamond.



Tim Evans 
Approximate Bayesian Self-Consistent Process Tomography
Self-consistent quantum process tomography is the gold standard for diagnosing the 
operations that we can perform in a quantum device. There is a plethora of techniques to 
perform process tomography however most (in fact all) rely on the use of approximate 
models. These approximations come in two flavours: one to reduce the exponential number 
of parameters required to describe quantum processes and the second to simplify the 
parameter estimation. In this work we construct a Bayesian framework for self-consistent 
process tomography which allows for the use of prior information, including only partial 
information such as results from randomized benchmarking. We also show how our Bayesian 
framework provides a natural way in which we can account for the errors incurred by these 
model approximations

Graeme Flower
Cavity-Magnon Polaritons: Ultra Strong Coupling to Applications in Frequency Metrology 
Some experimental implementations of cavity-magnon systems are explored. Two systems 
are constructed with the aim of achieving coupling rates comparable to uncoupled mode 
frequencies, such that perturbative approaches to the coupled system (including the 
rotating wave approximation) break down. The systems achieve a coupling to frequency 
ratio of 0.46 and 0.34. This is the ultra-strong coupling regime and is the largest in the 
literature for cavity-magnon polaritons. Finally, a turning point in the magnon mode of a 
Lithium Ferrite sample is explored. It is shown to supress the conversion of both first and 
second order magnetic field fluctuations to cavity-magnon polariton transition frequency 
when fully hybridised with a cavity mode. Thus, it would be useful for frequency metrology 
purposes.

Alejandro Gomez Frieiro 
Quantum rifling: protecting a qubit from measurement back-action
Quantum mechanics postulates that measuring the qubits wave function results in its 
collapse, with the recorded discrete outcome designating the particular eigenstate the qubit 
collapsed into. We show this picture breaks down when the qubit is strongly driven during 
measurement. More specifically, for a fast evolving qubit the measurement returns the time-
averaged expectation value of the measurement operator, erasing information about the 
initial state of the qubit, while completely suppressing the measurement back-action. We call 
this regime quantum rifling, as the fast spinning of the Bloch vector protects it from 
deflection into either of its two eigenstates. We study this phenomenon with two 
superconducting qubits coupled to the same probe field and demonstrate that quantum 
rifling allows us to measure either one of the two qubits on demand while protecting the 
state of the other from measurement back-action. Our results allow for the implementation 
of selective read out multiplexing of several qubits, contributing to efficient scaling up of 
quantum processors for future quantum technologies.

Brendan Harlech-Jones 
Edge Magnetoplasmons
A brief overview of devices and measurements of Edge Magnetoplasmons.



Riddhi Gupta 
Autonomous adaptive noise characterization in quantum computers
New quantum computing architectures consider integrating qubits as sensors to provide 
actionable information useful for decoherence mitigation on neighboring data qubits. We 
present an autonomous learning framework, Noise Mapping for Quantum Architectures 
(NMQA), for spatial noise mapping across device architectures. Numerical analysis and 
experiments on an array of trapped ytterbium ions demonstrate that NMQA outperforms 
brute-force mapping by up-to 18x (3x) in simulations (experiments), calculated as a 
reduction in the number of measurements required to map a spatially inhomogeneous 
magnetic field with a target error metric and finite spatial correlations.

Pradeep Kumar 
Quantum control of Atom-Photon Bound States in rectangular waveguide
Electromagnetic wave propagation in a waveguide with rectangular geometry exhibits 
several interesting properties. In the so called stop band or bandgap regime, waves 
propagating at certain range of frequencies are strongly attenuated. Coupling qubits by 
tuning its frequency to the stop band gives rise to a unique localized quantum state called 
Atom-Photon Bound State (APBS). We present experimental progress in detecting and 
controlling the interaction between bound states arising due to two qubits embedded in a 
3-dimensional rectangular waveguide. We elucidate applications of APBS in designing qubits 
with enhanced lifetime and exponentially suppressed crosstalk which is appealing for 
quantum computation.

Cyril Laplane 
Harnessing atomic forces for the optical manipulation of mesoscopic object
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)"

Robert Harris 
Decoding Holographic Codes
Holographic error correcting codes are finite rate codes that have shown promising 
properties. We develop an integer programming decoding algorithm for general stabiliser 
codes. The algorithm is also used to find the distance of codes. Using this decoder we find 
Pauli recovery rate for holographic codes, including a threshold against Pauli errors for the 
heptagon code. 



Sarah Raman Nair
Magnetic sensors using diamond lasers
We discuss our research on magnetic sensors using NV centres inside the laser cavity, either 
as a gain medium or as an absorbing medium. Using NV centres as the gain medium we 
observe amplification on the cavity transmission. Using a qualitative model, we interpret that 
the amplification is due to the stimulated emission from the NV centres. Moreover, we 
discuss the possibility of using NV centres as an absorbing  medium in a diamond Raman 
laser cavity and the possibility to detect the magnetic field using the Raman laser output.

Stefano Tomasi 
Coherent enhancement of light harvesting
Following the detection of long-lasting coherences in pigment-protein complexes, numerous 
theoretical studies have proposed that coherences in excitonic states can have a significant 
effect on the efficiency of disordered light-harvesting systems. While theoretical evidence is 
abundant, no experiment has ever shown a light-harvesting process that is more efficient 
due to a coherent effect. The difficulty has been the lack of a way to turn coherences on and 
off to create an experimental control.

We present two results, a classification of types of coherent efficiency enhancements and a 
method to externally control coherence in a light-harvesting system. Firstly, we classify types 
of coherence in terms of whether they lead to localised or delocalised states, and the 
conditions under which each can lead to an enhancement in efficiency. Secondly, we 
propose a simple light-harvesting system, consisting of two donor sites and one acceptor, 
where coherence within the donors can be externally controlled and lead to increased 
transfer efficiency to the acceptor. This would allow for the first unambiguous demonstration 
of coherently enhanced light-harvesting, as well as demonstrate the potential for coherent 
control in the context of excitonic energy transfer.

David Tuckett
Tailoring surface codes for highly biased noise
The surface code, with a simple modification, exhibits ultra-high error correction thresholds 
when the noise is biased towards dephasing. Here, we identify features of the surface code 
responsible for these ultra-high thresholds. We provide strong evidence that the threshold 
error rate of the surface code tracks the hashing bound exactly for all biases, and show how 
to exploit these features to achieve significant improvement in logical failure rate. We 
demonstrate a significant improvement in logical failure rate with pure dephasing for co-
prime codes, and closely-related beveled codes, which have a modified boundary. The effect 
is dramatic: the same logical failure rate achievable with a square surface code and n physical 
qubits can be obtained with a co-prime or beveled surface code using only O(√n) physical 
qubits. Finally, we use approximate maximum likelihood decoding to demonstrate that this 
improvement persists for a general Pauli noise biased towards dephasing. In particular, 
comparing with a square surface code, we observe a significant improvement in logical 
failure rate against biased noise using a beveled surface code with approximately half the 
number of physical qubits.



Nabomita Mukty 
Superabsorption of light in spin ensembles
Study of quantum superabsorption of light in spin ensembles, focusing on methods of 
preparation of superabsorbing Dick states.

Amy Van der Hel 
Optomechanics in the unresolved sideband regime for distirbution of microwave 
entanglement
Optical-to-microwave quantum interfaces are envisioned to play a key role in future 
quantum networks. The motivation for quantum interfaces is rooted in the unique 
possibility of efficiently transportingquantum states through optical photons and the 
promising experimental efforts on superconducting qubits operating at microwave 
frequencies. One approach to realise quantum interfaces is the implementation of a 
mechanical oscillator that serves as a mediating component between the two frequency 
domains. To date no state conversion from microwave photons to optical photons, or vice 
versa, has been demonstrated in the quantum regime as required for distribution of 
quantum resources. Challenges include the preparation of macroscopic mechanical 
quantum states, and combining devices that operate at vastly different energy scales on 
chip, while maintaining their desirable properties. In contrast to previous work that 
focussed largely on operating in the resolved sideband regime of optomechanics, this work 
investigates the distribution of entanglement of microwave photons in the unresolved 
sideband regime of optomechanics. It has been shown previously that entanglement of 
distant mechanical oscillators can be achieved by continuous measurement on both 
outputs of an optomechanical Michelson interferometer in the unresolved sideband regime. 
This distant entanglement can be exploited to create a distributed pair of entangled 
microwave photons, by  constructing electromechanical cavities of both the mechanical 
oscillators at each interferometer arm end. These electromechanical cavities have a 
resonance frequency in the microwave domain and are designed to operate in the resolved 
sideband regime. Since the electromechanical cavity is operating in the resolved sideband 
regime a state swap of the mechanical oscillator to the microwave circuit can be realised, 
creating a pair of entangled microwave photons. Based on this theory, a device is proposed 
withwhich we expect demonstrate the distribution of microwave entanglement. The device 
consists of a double disk optomechanical resonator with an integrated LC-circuit with a 
resonance frequency in the microwave domain. We embed a spiral inductor in the centre of 
the top disk, while the edges of the top and bottom disk form the opposite plates of the 
capacitor, together constituting the LC-circuit. The anti-symmetric flexural mechanical 
motion of the two disks facilitates a capacitive coupling of the optomechanical system to 
the LC-circuit. Finally, we would combine two such devices by means of beamsplitters.

Thomas Smith
Dispersive readout for Majorana qubits
We calculate the dispersive shift of a readout resonator coupled to a Majorana qubit. We 
consider two models: the Majorana box qubit and the Majorana transmon qubit. Starting 
form a phenomenological model, we derive a Hamiltonian and calculate the dispersive shift 
for each qubit. We demonstrate that the Majorana transmon out-performs the Majorana 
box qubit. Dispersive shifts for the Majorana transmon approach the those of 
superconducting transmon qubits. Additionally, dispersive readout of the Majorana 
transmon does not introduce mechanisms that lead tomeasurement-induced bit-flip errors, 
as is the case with superconducting transmons.
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Michael Kewming
Quantum Coherent Ising machines
We will consider the Ising machine based on a network of parametrically pumped cavity 
Kerr non-linearity's and study whether or not there exists any quantum advantage in such a 
system.

Dat Thanh Le
A new type of superconducting qubit: the dualmon.
We investigate a superconducting circuit consisting of two dual elements, the Josephson 
and quantum phase slip junctions, by which we name the circuit: the dualmon. We show 
that the dualmon system hosts several critical states which are first order insensitive to 
external offset charge/flux and realise the Gottesman-Kitaev-Preskill quantum error 
correcting codes. We also address the effect of parasitic capacitance and inductance to the 
dualmon circuit; it is found that for small parasitic elements essential properties of the 
original circuit retain. The dualmon, encoded in superpositions of the critical states, thus 
could be a promising candidate for realisation of noise-rejecting qubits.

Chao Meng
Mechanical squeezing via fast continuous measurement
Measurements are widely used technique to prepare non-classical states of quantum 
systems. In the context of optomechanics, continuous measurement of the optical ancilla 
can be used to conditionally prepare squeezed mechanical states, when physics beyond the 
rotating wave approximation (RWA) is used. Here we show there exists a new regime of 
squeezed mechanical state preparation in the low mechanical resonance frequency limit, 
and that surprisingly the experimental requirements are relaxed in the free mass limit as the 
thermal occupation tends to infinity. We derive strict requirements for conditional 
mechanical squeezed state preparation in terms of the canonical optomechanical 
parameters, and compute the purity of the prepared states for realistic experimental 
conditions. We find the protocol is robust against experimental and technical noise, and 
therefore may prove to be a valuable tool for preparing squeezed states of low-frequency 
oscillators at room temperature.

Callam Manning 
Bose-Einstein condensate transport between two distinct temperature reservoirs
Some of the hallmark features of superfluidity are the existence of quantized vortices, 
dissipationless flow below a critical velocity and the superfluid fountain effect. Of these 
characterising features, the superfluid fountain effect has not yet been observed in Bose-
Einstein condensates (BECs). The superfluid fountain effect considers the fluid flow between 
two reservoirs at different temperatures through a channel. This flow is against the 
temperature gradient and is due to a chemical potential difference across the channel. In 
this work, we investigate the transport through a channel between two reservoirs of BECs 
initially at different temperatures with the aim to see if an analogue of the superfluid helium 
fountain effect can be realised in a BEC.

Anatoly Kulikov 
Measuring Effective Temperatures of Qubits Using Correlations



Yasmine Sfendla 
Strong optical coupling through superfluid Brillouin lasing
The advancement of classical and quantum information processing requires the 
meticulous and flexible routing of photons and phonons at the microscale. Furthermore, 
they need to be able to interact with each other without losing information [1,2]. In that 
light, an important tool for the realization of optomechanical circuitry is the ability to let 
counterpropagating photons exchange energy before they have the chance to decay. We 
have demonstrated this capability for the first time [3]. By scattering off acoustic surface 
oscillations of a liquid, photons counterpropagating in a Silica microcavity can exchange 
excitations at a rate faster than their decay rate. While our demonstration can be applied to 
fluids quite generally, we use superfluid helium. This provides the additional prospect of 
measuring superfluid circulation with unprecedented precision, and of exploring the rich 
physics of quantum fluid dynamics, from quantized vorticity to quantum turbulence [4].

[1] Safavi-Naeini et al., New J. Phys., 13(1), 013017, 2011. 
[2] Ruesink et al., Nat. Commun., 9(1), 1798, 2018. 
[3] He et al., arXiv:1907.06811, 2019. 
[4] Sachkou et al., arXiv:1902.04409, 2019.

Bradley Mommers 
A Husimi BEC see-saw
We show that Husimi's 1953 solution to the driven quantum harmonic oscillator 
generalises to the nonlinear Schrödinger equation that governs the mean-field dynamics 
of a Bose-Einstein condensate (BEC). Using optical trapping and magnetic driving of a 
rubidium-87 condensate, we realise this driving for the first time and demonstrate progress 
toward using Husimi's solution as a new method for experimentally determining trap 
frequency.

Ming Su
Optimizing single-photon collection from a solid-state source with adaptive optics
Quantum dot sources generate single photons with near-perfect purity, 
indistinguishability, and high brightness, which open a path towards large-scale optical 
quantum information systems. Achieving those features simultaneously is a challenge. For 
instance, collecting the single photons emitted from quantum dots into single-mode 
optical fibers, significantly reduces the brightness due to losses during free-space to fiber 
connection. These losses are primarily caused by mode-alignment and mode-mismatch. 
Even modest improvements in free-space to fiber coupling efficiency can lead to 
significant enhancement of counts in multi-photon quantum experiments. Here we will 
employ adaptive optics to improve our single-photon fiber coupling efficiency by 
correcting the wavefront of the electromagnetic field of the single-photon. We expect to 
improve our coupling efficiency from below 60% to about 90% using the adaptive optical 
system, which for example would yield a more than fourfold increase in 4-photon rates.

James Spollard 
LiDAR - Why not 4DAR?
Coherent advanced solid-state LiDAR for autonomous vehicle perception
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Harshit Verma
Effect of environment on the interferometry of clocks
Mach-Zhender interferometry involving spatial superposition of a massive particle with its 
internal degree of freedom modelled as a clock had been previously proposed as an 
experiment encapsulating genuine general relativistic effects on quantum systems. We 
have analysed a realistic model of the clock in which it is subject to the effects of 
environment leading to noise during its transit through the arms of the interferometer. We 
have shown that interferometric visibility is affected by the type of noise and also the time 
scale and transition probabilities in the noise models representing the environmental 
effects. The quantification of the aforementioned effect on the interferometric visibility 
paves way for a better estimate on the expected outcome in an actual experiment wherein 
the clocks cannot be as effectively shielded from the environmental effects as they are in an 
atomic-clock setup.

Steven Waddy
Custom Control and Readout Instrumentation for Quantum Systems
On the path of turning a small number of qubits into a useful quantum computer, a 
method for controlling solid-state quantum devices with a large number of gates (or a large 
number of devices with few gates) is required. We have created custom instrumentation to 
control and readout larger systems of quantum devices. A high channel count precision 
low-noise DAC/AWG and an FPGA based multi-channel RF readout system. Tighter system 
integration allows more efficient use of resources, increased speed and sensitivity.

Carolyn Wood 
Minimum uncertainty states for free particles with quantized mass-energy
There has been recent renewed interest in exploring relativistic effects in composite 
particles with dynamical internal energy. Relativistic mass-energy equivalence implies that 
for such systems mass is effectively turned into an operator. Recent studies of the 
propagation of such particles find that the internal states in a superposition of mass-
energies travel at different velocities, spreading out and delocalising the particle. Is this 
unavoidable behaviour for these particles? When mass is effectively an operator, the 
relation between uncertainty in momentum and uncertainty in velocity may be non-trivial, 
meaning previous studies were not looking at the most localised (`classical') trajectory for 
these states. 

I therefore derived an uncertainty relation for position and velocity and found that the 
associated minimum-uncertainty states are superpositions of squeezed states, with each of 
the mass-energy components in the superposition associated with different squeezing and 
displacement parameters. When these states propagate, the centres of the different mass 
components travel together, and the spread of each component's wave function, not its 
velocity, depends on its mass. The superposition state indeed has a more localised 
trajectory, suggesting that these new minimum uncertainty states are a better description 
of semi-classical states than Gaussian states for composite quantum particles with 
quantised mass-energy.
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Christian Marciniak 
Characterization of a Penning trap for analog quantum simulation
Ion Coulomb crystals in Penning traps display naturally arising frustration over large ion 
arrays, which make them attractive for quantum simulation experiments. Such crystalline 
arrays exhibit great sensitivity to fluctuations in their environment and control fields, which 
thus need to be carefully characterized and managed. At the same time, this sensitivity can 
be leveraged to turn Coulomb crystals into sensor arrays, which can for example measure 
forces in the yoctonewtons.

Here we present examples of measurements of both environmental influence, and sensor 
capability, which serve to characterize our trap in preparation for quantum simulation 
efforts: Firstly, nanometer-scale measurements of the vibration level of a horizontal-bore 
Penning trap experiment for quantum simulation experiments, which benchmark the 
mechanical stability of our assembly. Secondly, using the Coulomb crystals inside this trap 
as sensors, we demonstrate zepto- to yoctonewton force measurements on the center-of-
mass mode of the ion crystal via Doppler velocimetry allowing us to give an upper bound 
for the average occupation of this mode.

Rohit Navarathna 
Experimental realisation of an superconducting on-chip circulator
Non-reciprocal devices such as circulators are used to route signals to different parts of a 
circuit. Commercial ferrite circulators are bulky, and have a permanent magnet, which 
makes them unsuitable for use with superconducting circuits. We fabricate and benchmark 
an on-chip circulator, which is smaller than 100 micron in size. It will also allow hundreds of 
circulators to be used on a single chip, which allows for scalable quantum networks

Benjamin Dix-Matthews
Towards the stabilisation of stratospheric and LEO coherent optical links
The phase-stabilised transfer of optical-frequency signals over free-space laser links, 
particularly between ground stations and satellites, will enable advances in fields ranging 
from high-speed space-to-ground optical communications and geodesy with optical 
Doppler orbitography, to tests of General Relativity and fundamental physics. 
Unfortunately, atmospheric turbulence induces phase perturbations of the transmitted 
optical signals, which severely limits these applications. However, techniques developed for 
the distribution of phase-stabilised signals over optical fibre links can also be applied to 
free-space transmission.

Paul Webster
Universal Quantum Computing with Topological Stabiliser Codes
Topological stabiliser codes are a promising approach to protecting quantum information 
from the effects of noise. However, quantum computing with such codes depends upon 
realising a universal quantum gate set fault tolerantly. This is challenging since several no-
go results restrict standard approaches to fault tolerance from realising universality. In this 
work, we explore the necessary and sufficient conditions for an approach to allow for 
universality. We also explore a wide range of approaches in the context of these conditions, 
and the connections between them.
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Arghavan Safavi-Naini
Dynamics of dipolar spin-3 chromium atoms in 3d optical lattices
Arrays of ultra-cold dipolar gases loaded in optical lattices are emerging as powerful 
quantum simulators of the many-body physics associated with the rich interplay between 
long-range dipolar interactions, contact interactions, motion, and quantum statistics. In this 
work we report on our investigation of the quantum many-body dynamics of a large 
ensemble of bosonic magnetic chromium atoms with spin S = 3 in a three-dimensional 
lattice as a function of lattice depth. We use extensive theory and experimental 
comparisons to study the dynamics of the population of the different Zeeman levels and 
the total magnetization of the gas across the superfluid to the Mott insulator transition. To 
this end we employ a number of theoretical methods, including Gutzwiller mean-field 
theory, and the general discrete Truncated Wigner Approximation. We discuss the regime of 
validity for each approach.

Alexander Pritchard
Experiments with Multiple Spin State Superfluids
The increased attention and development behind Bose-Einstein condensates (BECs) 
provides a system to study a wide range of phenomena to questions that haven’t been 
answered to date. The extension to multi-component Bose-Einstein condensates in ring 
traps, of various miscibility, allows the exploration of complex phenomena, including 
superfluid counterflow and drag, soliton generation and non-linear dynamics, pattern 
formation, turbulence, and the link between quantized and classical rotations in superfluid 
systems. Currently I am experimentally investigating the stability/instability and the 
dynamics of a mixture of two BECs in miscible/immiscible systems.

Alistair Milne 
Motional noise spectroscopy via displaced Schrödinger-cat states
In trapped ion systems, entangling operations between qubits are performed via a coupling 
to the ions’ shared normal modes of motion. Laser or microwave fields detuned close to 
resonance with the mode frequencies are used to produce a qubit-state-dependent force 
that periodically displaces the ion motion in position-momentum phase space, creating an 
entangled qubit-motional ‘Schrödinger-cat’ state while also generating the desired qubit-
qubit entanglement. Any variation in the frequency of the motional modes resulting from 
fluctuations in the depth of the trapping potential throughout the operation will lead to 
residual qubit-motional coupling and is a major source of infidelity for this class of 
entangling operation.  

In order to characterise this leading source of gate error, we use discrete phase modulation 
of the laser field driving the interaction to construct sequences of motional displacements 
that are sensitive to noise on the trap frequencies in a desired band. The sequences are 
analogous to conventional ‘rotary echo’ pulses and their frequency susceptibility is tuneable 
via the number of phase modulations and sequence duration. By displacing the motion of a 
single trapped 171-Ytterbium ion, we characterise the sensitivity of these sequences to 
engineered noise of known frequency and amplitude, verifying analytic predictions in the 
filter function formalism for the observed signal strength. We also perform sensing of 
intrinsic noise, using a single value decomposition technique to extract the intrinsic 
motional noise spectrum from a series of experimental measurements.
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Deniz Stiegemann
Thompson Field Theory
We introduce Thompson field theory, a class of toy models of conformal field theory in 
which Thompson's group T takes the role of a discrete analogue of the chiral 
conformal group. T and the related group F are discrete transformations of dyadic partitions 
of the circle and the unit interval, respectively. When vectors or tensors are associated 
with partitions, one can construct a direct limit Hilbert space, here called the 
semicontinuous limit, and F and T have unitary representations on this space. We give an 
abstract description of these representations following the work of Jones. We also show that 
T can be thought of as acting on the boundary of an equal-time Poincaré disk in AdS3. This 
defines a representation of T on the Hilbert space that contains all tree-like holographic 
states, as introduced by Pastawski, Yoshida, Harlow, and Preskill. It also establishes a bulk-
boundary correspondence through Imbert's isomorphism between T and Penner's Ptolemy 
group. We further propose definitions of field operators and correlation functions for the 
discrete theory. Finally, we sketch new developments like particle creation and annihilation, 
as well as black holes and possible connections with topological quantum field theory.
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