THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

CREATE CHANGE

SMP Poster Day 2025
I 0 & U.N3d2000f S







Mathematics

CONTENTS

1. AData-Driven Neural Network Approach for Reward-Risk Decumulation
Candidate: Chang Chen

2. 3D Invariants of Knots — Writhe and Ropelength
Candidate: Finn Thompson

3. Mean-CVaR optimizations via Neural network Fourier-learned transition kernels
Candidate: Hao Zhou

4.  It'sdangerous to go alone! Take this (massive degree of freedom): A scalar companion
for a deformed supersymmetric theory
Candidate: Joey Faller

5. Clustering Accelerates Stabilization in Small-World Boolean Networks
Candidate: Maram Alqarni

6. Generalised Linear Mixed Models for multi-experiment count data
Candidate: Michael Mumford

7. Deforming Quantum Field Theories using Auxiliary Fields

Candidate: Nicola Baglioni



CONTENTS

8  Towards higher-derivative 4D, N = 2 (conformal) supergravity via curvature-squared
invariants in (conformal) superspace.

Candidate: Parth Raina

9  AnInventory System with Two Supply Modes and Lévy Demand
Candidate: Qingyuan Zhang

10 Square integer relative Heffter arrays with primary transversals
Candidate: Sarah Lawson

11 Sieves and almost primes.
Candidate: Simon Thomas

12 On the computation of minimal transversals in hypergraphs and applying them to ap
plications in genetic theory
Candidate: Maliheh Alaei



1. A Data-Driven Neural Network Approach for Reward-Risk Decumula-
tion

Candidate: Chang Chen
Advisor:  DrDuy-Minh Dang

Abstract: We study the portfolio optimisation problem for Defined Contribution (DC) pension plans in the
decumulation phase. Our objective is to maximize expected total withdrawals while minimizing Condition-
al Value-at-Risk. With a data-driven neural network approach, we determine the optimal asset allocation
and withdrawal amounts. We prove that the learned strategies converge to the theoretical optimal controls
under mild assumptions satisfied in practice. Numerical experiments confirm the convergence and show
that the neural network achieves accuracy comparable to PDE-based benchmark solutions.

2. 3D Invariants of Knots — Writhe and Ropelength
Candidate: Finn Thompson

Advisors:  Prof Benjamin Burton

Abstract: The space writhe of a knot measures how 'coiled' a knot is in 3-space, and is taken as the average
writhe of a configuration of a knot from all viewing points. By performing dynamical simulations, we can
model a knot as a polymer to explore the relation between the space writhe and 'standard’ writhe for vari-
ous configurations. Additionally, we discuss a method for determining upper bounds on the rope length
of torus links by optimising a superhelical 'building block' of helices.

3. Mean-CVaR optimizations via Neural network Fourier-learned transi-
tion kernels

Candidate: Hao Zhou
Advisor:  DrDuy-Minh Dang

Abstract: This work presents a provably convergent hybrid numerical method for solving multi-period
mean-CVaR portfolio optimization problems. The approach centers on solving two-dimensional convolu-
tion integrals involving joint transition densities over each rebalancing interval. For such coupled two-
dimensional systems, closed-form transition densities are typically analytically intractable. Leveraging
known closed-form characteristic functions, we learn the transition-kernel in the Fourier domain via Four-
Net—a Gaussian-activated single-layer neural network (Du and Dang, SIAM ] Sci Computing 47(2):C529-
C557, 2025). The resulting Fourier-learned densities are integrated into a numerical integration frame-
work, enabling efficient approximation of the two-dimensional convolution integrals using standard com-
posite quadrature rules. To further enhance computational efficiency; this hybrid integration scheme is im-
plemented using 2D Fast Fourier Transforms (FFTs), exploiting the inherent Toeplitz structure of the con-
volution kernels. In addition, we rigorously study asymptotic boundary conditions for the truncated spatial
domain and investigate the impact of artificial boundary conditions, effectively controlling truncation-
induced error propagation. Numerical experiments utilizing long-term real market data demonstrate the
robustness, accuracy, and practical relevance of the proposed scheme for portfolio risk management appli-
cations.



4.1t's dangerous to go alone! Take this (massive degree of freedom): A
scalar companion for a deformed supersymmetric theory

Candidate: Joey Faller
Advisor:  Dr Gabriele Tartaglino Mazzucchelli

Abstract: This work introduces a novel mechanism for spontaneous supersymmetry (SUSY) breaking in
3D supergravity by deforming the field strength of a supersymmetric gauge theory on an arbitrary curved
background. Normally, SUSY pairs bosons and fermions with equal masses, but unobserved superpart-
ners imply symmetry breaking. We add a constant term to the Lagrangian, preserving gauge invariance
while granting a nonzero vacuum expectation value (VEV) to the photino, thus breaking SUSY spontane-
ously via a Higgs-like process.

The deformed model yields a de Sitter vacuum with positive cosmological constant, aligning with observa-
tions. On-shell, it features a massive propagating scalar; a fermion with VEV, and mass acquisition by the
gravitino through interactions, with the scalar "eating" the photon's degree of freedom.

This toy model opens avenues for generalisations to higher supercharges, cosmological applications, and
quantum analyses, providing insights into why SUSY remains hidden.

5. Clustering Accelerates Stabilization in Small-World Boolean Networks
Candidate: Maram Alqarni
Advisor:  EmPr Diane Donovan

Abstract: Boolean networks (BNs) are models where each node is ON or OFF and updates according to a
rule applied to its inputs. Introduced by Kauffman to study gene regulation, BNs reveal how systems stabi-
lize into attractors—states or cycles that repeat over time. We investigate how network clustering affects
the attractor period (the number of steps before repetition). Using Watts-Strogatz small-world networks,
we simulate synchronous, signed-threshold dynamics across sizes n = 10-100 and mean degrees k = 2-
10. Higher clustering shortens mean attractor periods, suggesting that local feedback accelerates stabiliza-
tion. A generalized additive model for log(mean period) shows that clustering is a significant predictor (p
< 01; adjusted R? = 0.93), after adjusting for size, degree, and path-based graph properties. These results
extend Kauffman’s “edge of chaos” perspective by identifying clustering as a structural driver of stability.
Although other network types (Erd6s-Rényi and scale-free) were also examined, the poster focuses on the
biologically relevant small-world structure. This work deepens our understanding of how real-world sys-
tems reach ordered behavior:



6. Generalised Linear Mixed Models for multi-experiment count data
Candidate: Michael Mumford
Advisor:  DrAlan Huang

Abstract: The analysis of response data from agricultural field experiments is typically performed using
linear mixed models (LMMs). When the response variable is count data, the assumptions underpinning
the LMM are violated, and it is necessary to extend to a generalised linear mixed model (GLMM). In this
poster; a statistical methodology is proposed for the analysis of multi-experiment count data. The analysis
approach uses a GLMM framework, assuming an underlying mean-parameterised Conway-Maxwell Pois-
son distribution, that can account for arbitrarily under and over-dispersed count data. This framework en-
ables partitioning of residual variation from genetic and other extraneous sources of variation and adopts a
factor-analytic model for the genotype by experiment interaction effects. The proposed methodology is
applied to a series of common bean experiments. The analysis is implemented using the glmmTMB R-
package, which uses automatic differentiation to enhance computational speed, the Laplace approxima-
tion estimation method to reduce estimation biases, and a residual maximum likelihood (REML)-like cor-
rection to further reduce estimation biases for variance components.

7. Deforming Quantum Field Theories using Auxiliary Fields
Candidate: Nicola Baglioni
Advisor:  Dr Gabriele Tartaglino Mazzucchelli

Abstract: Quantum Field Theory is one of the most important tools in modern theoretical physics. It has
found applications in the study of an incredible variety of systems, ranging from particle physics to con-
densed matter systems. These theories are however usually very difficult to study exactly. A recent ap-
proach to this subject has been to deform some solvable (integrable) models, usually defined in two
spacetime dimensions, in such a way that the deformed theory can still be solved exactly. My research is
currently focused on a specific deformation that can be implemented introducing in the theory some auxil-
iary fields chosen precisely so that the model is still integrable. I will discuss what is that we can describe
with these auxiliary models and highlight some of the recent advances on this approach.

8. Towards higher-derivative 4D, N = 2 (conformal) supergravity via cur-
vature-squared invariants in (conformal) superspace.

Candidate: Parth Raina

Advisor:  Dr Gabriele Tartaglino Mazzucchelli

Abstract: General relativity provides a successful low energy description of gravity. However, as a quantum
field theory it is non-renormalizable and breaks down at high energies. A natural extension is to include
higher-derivative terms in the action. This is motivated by the fact that adding 4-derivative (curvature-
squared) terms to the pure gravity action improves its renormalizability [Stelle, 1977]. Moreover; higher-
derivative terms appear in the lower energy limit of (super)string theory, which is the best-known candi-
date for unifying gravity with quantum field theory. Supersymmetry further constrains the structure of
these higher-derivative terms, by relating bosonic and fermionic degrees of freedom through supermulti-
plets. In this work, we use the conformal superspace formalism to construct three independent curvature-
squared invariants from vector and tensor multiplets in 4D, N = 2 (conformal) supergravity. We derive
their respective component actions and discuss future directions.



9. An Inventory System with Two Supply Modes and Lévy Demand
Candidate: Qingyuan Zhang
Advisor:  DrKazutoshi Yamazaki

Abstract: This study considers a continuous-review inventory model for a single item with two replenish-
ment modes. Replenishments may occur continuously at any time with a higher unit cost, or at discrete
times governed by Poisson arrivals with a lower cost. From a practical standpoint, the model represents an
inventory system with random deal offerings. Demand is modeled by a spectrally positive Lévy process
(ie, a Lévy process with only positive jumps), which greatly generalizes existing studies. Replenishment
quantities are continuous and backorders are allowed, while lead times, perishability; and lost sales are ex-
cluded. Using fluctuation theory for spectrally one-sided Lévy processes, the optimality of a hybrid barrier
policy incorporating both kinds of replenishments is established, and a semi-explicit expression for the as-
sociated value function is computed. Numerical analysis is provided to support the optimality resuilt.

10. Square integer relative Heffter arrays with primary transversals
Candidate: Sarah Lawson
Advisor:  DrJames Lefevre

Abstract: A Heffter array is an m x n partially filled array with entries arranged to satisfy three conditions:
each row and each column contains h and k filled cells respectively; the sum of the entries in each row and
each column is zero modulo 2nk+1; and for each x in the integers modulo 2nk+1\{0}, either x or -x ap-
pearsin the array.

A relative Heffter array generalises this by replacing 2nk+1 with 2nk+t, where t is any positive integer; and
replacing {0} with a subgroup of the integers modulo 2nk+t of order t. When m=n and the rows and col-
umns sum to zero over the integers, we refer to these as square integer relative Heffter arrays. The exist-
ence of such arrays is only partially known. We consider the use of graphs and Skolem-type sequences to
construct these arrays with the added property that they also contain a primary transversal, a transversal
of the set{1,..,n} up to sign.

11. Sieves and almost primes
Candidate: Simon Thomas
Advisor:  Dr Adrian Dudek

Abstract: Sieves are powerful and somewhat elementary tools designed to estimate the size of subsets of
the primes. Many people have heard of the sieve of Eratosthenes but more sophisticated sieves are increas-
ingly being used to prove impressive results in number theory, including significant steps towards resolv-
ing Goldbach's conjecture. My poster outlines two recent results on almost primes, or integers with a small
number of prime factors, and demonstrates how we used sieve methods to prove them.



Physics

CONTENTS

1  What's shaking in spin-crossover?: Machine-learned force fields from a DFT method
tuned to lattice vibrations
Candidate: Anna Carpenter

2 Understanding the Formation and Evolution of Intermediate Mass Black Holes
Candidate: Arshia Anjum

3 Superfluidity with Penetrable Obstacles
Candidate: Charlotte Thomson

4 llluminating the structure of single photon emitters in layered 2D materials
Candidate: Connor Tweedie

5  Atomic Parity Violation and the Caesium Polarisability Puzzle
Candidate: Jack Easton

6  Probing nuclear structure via hyperfine splitting in Yb-173
Candidate: Jayden Hasted

7  Isthe stellar mass function universal? Clues from combining machine learning and Gaia
DR3 on nearby open clusters
Candidate: Lachlan Hobart

8  Shiningalight on dark sirens
Candidate: Madeline Cross-Parkin



CONTENTS

9

10

11

12

13

14

15

16

17

18

19

20

21

Unlabelled imaging of the living activity of cells

Candidate: Marino Lara

Cryogenic endoscopic iSCAT microscopy of quantum-vortices

Candidate: Luke Kelly

Theoretical studies on electronic and photophysical properties of phosphorescent Ir
(IIT) complexes as efficient blue OLED

Candidate: Martin Kuhn

Constraining Black Hole Kicks Using Dense Star Clusters

Candidate: Mitchell Hooymans

Direct Detection of Dark Photons

Candidate: Narise Williams

Morphology in Motion: Linking Angular Momentum to Galactic Structure
Candidate: Pratyush Kumar Das

UMa3/U1 — The Smallest Known Galaxy?

Candidate: Scot Devlin

Comparing Single-Mode and Pulse-Based Squeezing

Candidate: Sepanta Moussavian

Effect of the weak quadrupole moment in atomic systems

Candidate: Shannon Ray

Atomic-Scale Imaging of Tantalum Germanide Surfaces for Superconducting
Quantum Devices

Candidate: Suhani Singh

The truncated Wigner approximation as a tool for quantum sensing
Candidate: Thakur Hiranandani

Brain-inspired computational hardware to tackle an Al energy crisis
Candidate: Will Gunn

Nanomechanical Error Correction

Candidate: Xiaoya (Tina) Jin






