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Coherent transfer of information between qubits is fundamental to achieving any quantum information processing task. Here we 
discuss experimental progress towards developing a tunable chiral quantum system that allows us to select the direction in which the 
quantum information is shared between qubits. The directional qubit-qubit interaction is achieved via photonic bound states that live 
in a waveguide composed of an array of coupled cavities. The bound state is induced in the bandgap by suitably engineering the tunnel 
couplings and on-site potentials of the cavities in the array. In-situ control of the chirality of the bound states is achieved by a 
frequency tunable Transmon qubit coupled to the central site of the waveguide.

• The waveguide is composed of two chains (L/R) linked
through a central site (  ). Each site is realized as a LC
resonator.

• Both the on-site potential and tunnel couplings
are periodically modulated realising the Rice-Mele

model.
• The central site which acts as a defect induces a photonic

bound state in the bandgap.
• Coupling qubit to the central site allows us to control the

directionality of the bound states

• Transmission measured through the waveguide shows peaks
corresponding to all the 19 resonators and a bandgap from 7.75
GHz to 8.45 GHz. The bound state appears in the bandgap
which can be tuned by coupling to a qubit.

• In Fig b) the frequencies of each peak is plotted to show the
spectrum of the fabricated qubit with a bandgap and a bound
state in the center of the gap.
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• Each site of the waveguide is formed by a lumped-element
resonator in co-planar design.

• The fabrication is done by standard bi-layer liftoff processes
followed by Aluminum evaporation.

• Figure (b) is microscope image of a unit-cell. Figure a) is the chip
containing 19 coupled resonators that  forms waveguide

• In the regime where
an 

exponentially 
localized state lives in 
the bandgap. 

• The chirality of the
bound state can be
dynamically tuned to

or by rapid 
adiabatic following 
across the avoided-
crossing.

in 

to
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• The chiral nature of the bound state can direct quantum
information either to the left or the right qubit via dipole-
dipole interaction.

• Looking forward we envision to demonstrate 3-qubit
directional quantum state transfer experimentally.

• The chiral quantum system that we designed can also be used
for studying novel many-body quantum phenomenon like
chiral quantum spin liquids.
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1. Goals
We are interested in addressing the following questions:

How would a quantum machine operating between two heat/chemical reservoirs work?
What changes occur when chemical work is included in addition to mechanical work when designing protocols?

Our work is motivated by experiments with ultracold gases as a model system similar to the idea by Gluza et.al.[1]

2. Chemical Work 3. Key Points
Work done in transferring dN particles from a high chemical potential reservoir to 

one with a lower chemical potential.[2]

Total chemical work is

i idN i

A. Zero temperature engine (weakly interacting Bose gas)[3]

Chemical engine (Bose gas in a 3D harmonic trap) is operated between two reservoirs 
at zero temperature, one at a higher and another at a lower chemical potential.

B. Finite temperature engine (ideal gas)

4. Constant temperature cycle

The engine is operated between two reservoirs at finite (but constant) 
temperature, one at a higher and another at a lower chemical potential. For 

simplicity, the model system is an ideal gas system trapped in a three 
dimensional box.

5. Incorporating both heat and particle flows: hybrid machines

A. Constant chemical potential to temperature ratio B. Variable chemical potential to temperature ratio

Extending the finite temperature analysis to an 
interacting Bose gas using SPGPE simulations.
Identifying parameters in the protocol that maximize
machine performance.
Including quantum effects like correlations and 
coherences into the system to study its effects on 
machine performance.

Contact: a.munirajsaraswathy@uqconnect.edu.au

References: [1]. Quantum field thermal machines, Gluza et.al., PRX Quantum 2, 030310 (2021).
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[3]. Non-equilibium thermodynamic transformations of Bose gases, Joshua Guanzon, Title, B.Sc. 
(Hons) thesis, University of Queensland (2018).

The system is operated between two reservoirs at 
different chemical potentials and temperatures. The 

/T ratio throughout the 
cycle.

The system properties match the reservoir properties at 
the time of contact.

The system uses heat to perform mechanical and chemical 
work - a hybrid engine/ particle pump.

Both the reservoirs are at the 
same temperature TR  but at 
different chemical potentials.

The system and reservoir 
properties cannot be matched 
at the time of contact.

On contact, the system spontaneously exchanges heat and particles 
until equilibrium is attained. 

Depending on the amount of volume change, /T ratio and the 
H / C ratio, the system can function as an engine/pump or both.

Open questions: 

How to explain the fact that the system has different functions 
depending on the parameters? 

How can we model the nonequilibrium behaviour of the 
spontaneous step?

6. Future work

A hybrid quantum chemical machine
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A weakly interacting Bose gas system operating between two 
chemical reservoirs at zero temperature converts all mechanical work 
to chemical work. [3]

Operating machines at finite temperatures is not straight forward: it 
includes hybrid machine operation and spontaneous heat and particle 
exchange steps.
To gain an initial understanding, we analytically study engine 
protocols using a trapped ideal gas system.
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Title: Multiple Populations of Globular Clusters: By Our Powers Combined
Candidate: Ellen Leitinger

Abstract:
Globular clusters are relics of the early universe, containing some of the 
oldest stars known to astronomers and providing unique insight into the 
evolution of the universe. Recent research has focused on the mysteries of 
their formation and their peculiar chemical abundance patterns. To 
contribute to this, we combine space-based and ground-based photometry to 
homogeneously analyse the properties of the multiple populations of stars 
present in Galactic globular clusters. We study the full extent of each cluster 
from the centre to the outermost regions for a diverse sample of 28 clusters 
spanning a wide range of parameters. A comprehensive analysis of this kind 
has not previously been completed and future work aims to further 
incorporate available data sets to test the current theories on cluster 
formation. 





Title: Nanomechanical Computing 
Candidate: Timothy Hirsch 

Abstract:
Electronic circuits are ubiquitous but imperfect. They can be disabled by the 
ionising radiation found in outer space and nuclear plants. Additionally, as 
device dimensions shrink it is increasingly difficult to improve the basic 
efficiency of semiconductor logic. We are developing an alternative 
nanomechanical computing architecture, which compared with electronics 
promises radiation hardness and the possibility of orders of magnitude lower 
energy cost per logic operation. Previous architectures have connected 
mechanical components using electrical transducers, which lose the benefit of 
radiation hardness and reduce efficiency by a factor of 10^6. We have avoided 
those problems by devising all-mechanical methods for transmission, 
connection, and logic. 



INTRODUCTION

Two-temperature estimation in the quantum regime: using Mach-
Zehnder interferometer and quantum process framework
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MULTIPARAMETER ESTIMATION & CR BOUND(S)

NUMERICAL RESULTS FOR THE MACH ZEHNDER SETUP

NUMERICAL RESULTS FOR THE QUANTUM SWITCH BASED SETUP

Question: What does it mean to have a superposition of thermalizing quantum channels ?

Approach:

Exert Q-ctrl over the state of a bath prepare it in a superposition of purified state.

Exert Q-ctrl over the path of the probe, prepare it in a superposition where it goes through 2 different baths.

Refined question: How effectively can we measure the temperature of the bath(s) in the above 2 approaches ?

State preparation of 
qubit(s) as probe(s)

Temperature(s) encoded through 
interaction with bath(s)

Measurement and 
estimation of temperature

How well can a parameter be estimated ?

Density matrix contains all the information we need (nonlinear fn. of parameter of interest).

QFI: Mostly used in context of phase estimation for e.g. in case of MZ interferometer:

Repetitions of expt.
F Q. Fisher Information

BS1

BS2
D1

D2

M1

M2

Bounds derived from the 
above matrix inequality :

Multiparameter CR bound : 

THERMALIZATION MODEL

Purified thermal bath constituted by 2 qubits:

Interaction unitary (U):

1-bath: The state of the (thermal) bath

depends on the control (path).

2-bath: Two independent baths on the paths.

For a single qubit as a probe:

1-bath/ 2-bath : |QFIM| = 0

Bounds cannot be obtained.

For a two- qubit probe, |QFIM| 0

(generally).

1 bath

2 bath

For a single qubit as a probe:
1-bath/ 2-bath : |QFIM| = 0 Bounds cannot be obtained.

For a two- qubit probe, |QFIM| 0 (generally)

Indefinite causal order via. Q - Ctrl over order

of application of 2 thermalizing channels.

= /2, = 100

= 100

CONCLUSIONS 

Mach-Zehnder interferometer can be used for the task of estimating 2

temperatures, with 2 qubits as a probe.

Qualitatively similar results for other setups based on quantum processes.

Parallel scheme with simultaneous measurement of two temperatures

using two independent probes outperforms all the others.

F1 F2

P1 P2

A2A1

State preparation

Measurement & 
Estimation
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A1 , A2 : Quantum channels thermalizing to distinct temperatures.

Our 
scheme :



Title: Two-temperature estimation in the quantum regime: using Mach-
Zehnder interferometer and quantum process framework 
Candidate: Harsh it Verma 

Abstract: 
There has been a recent interest in leveraging quantum control over the 
evolution of systems to demonstrate advantages in various thermodynamical 
and communication tasks. Many setups used for such tasks rely on the quantum 
SWITCH, which allows for indefiniteness in the order of application of quantum 
channels. The SWITCH belongs to the broader class of quantum processes - 
essentially higher order linear transformations from quantum maps to quantum 
maps. If considered with thermalizing quantum channels (corresponding to two 
distinct temperatures), the quantum process framework and interferometric 
scheme with parallel application of channels constitute an interesting scenario 
with the possibility of two-temperature estimation. We investigate this prospect 
in setups based on various types of quantum processes and affirm their 
utility for this task. We provide the bounds on variances of the 
temperatures (obtained through multi-parameter Cramer-Rao bounds), which we 
also find to be attainable. Our results demonstrate that there is no significant 
advantage offered in using quantum processes, if compared with the case 
wherein the two temperatures are estimated independently. 





Title: Overcoming the repeaterless bound in continuous-variable quantum 
communication without quantum memories 
Candidate: Matthew Winnel

Abstract:
Quantum communication is the art of transferring quantum states from one 
location to another. One of the main problems is how to achieve high rates at 
long distances. Quantum repeaters are necessary to overcome the 
repeaterless bound which sets the fundamental rate-distance limit of 
repeaterless communications. Unfortunately, quantum repeaters are often 
complicated devices and not very practical. On this poster, we illustrate our 
simple continuous-variable quantum key distribution protocol for overcoming 
the repeaterless bound. The protocol can be implemented with existing 
technology as it requires no quantum memories and is robust to experimental 
noise and imperfections. We expect it to be a fundamental building block for 
larger quantum networks and the quantum internet. 



 







Title: Learn to Pickup and Deliver 

Candidate: Lucas Sippel 

Abstract: 

Pickup and delivery problems (PDPs) are applicable in many situations such as 

optimal movement of cargo, air lifting of troops, and bus or ship routing. 

Recently, fragment based solution techniques have been adopted for PDPs. In 

these techniques, paths through a network (fragments) are exhaustively enumerated 

and used to construct vehicle routes. As problem instances become larger and less 

constrained, the number of enumerated fragments becomes intractable which 

causes computer memory and solve time issues. By using supervised ma-chine 

learning models to reduce the fragments considered, it is possible to obtain near 

optimal solutions with less time and computational resources. This machine 

learning based restriction has shown promising results for the Pickup and Delivery 

Problem with Time Windows, a common PDP found in the literature. 
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Title: Perfect 1-Factorisations of Complete Uniform Hypergraphs
Candidate: Jeremy Mitchell

Abstract:
A 1-factorisation of a graph is called perfect if it satisfies the following equivalent 
conditions:

The union of each pair of 1-factors is isomorphic to the same connected subgraph . 
The union of each pair of 1-factors is connected. 
The union of each pair of 1-factors is a Hamilton cycle. 
Based on these conditions we define three generalisations of perfect 1-factorisations of 
graphs to the context of hypergraphs, called perfect 1-factorisations, connected 1-
factorisations, and Hamilton Berge 1-factorisations respectively and we ask whether the 
complete uniform hypergraph  admits such 1-factorisations. We show that perfect 1-
factorisations of complete -uniform hypergraphs can only exist when , and when they 
exist, they can be used to construct biplanes. We also show that all 1-factorisations of 
and are connected 1-factorisations, and prove the existence of non-connected 1-
factorisations of  for any . We prove that all 1-factorisations of  are Hamilton Berge 1-
factorisations and demonstrate a strong connection between Hamilton Berge 1-
factorisations of  and Häggkvist's conjecture on Hamilton cycles in 2-connected -regular 
bipartite graphs, leading us to conjecture that all 1-factorisations of  are Hamilton Berge 
1-factorisations.





Title: Combinatorics of Gene Co-Expression Networks
Candidate: Samuel Barton

Abstract:
Gene co-expression networks are weighted graphs where vertices represent 
genes and edges represent significant gene co-expression, weighted with some 
metric. However, in order to construct these graphs, we require a definition 
for a significant expression pattern between genes. This definition is 
dependent on the metric which is used to measure co-expression. As such, 
different metrics provide different graphs, which in turn highlights different 
interactions between genes. With most experimental data providing a large 
number of genes across a small number of time points, the resulting graph is 
often large and complex. Therefore, it is important to explore various 
techniques which can be used to filter edges and identify important genes and 
gene interactions. Since graphs can only model pairwise relationships, while 
genes often have multi-way interactions, hypergraphs can provide a more 
useful framework for modelling gene interactions. 
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