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The “Cosmological Crisis”- Could it be Careless
Corrections?
Aaron Glanville

Our two key probes into the nature of expanding space (standard candles
and standard rulers) appear to disagree on the value of the present day
expansion rate of the universe (H(0)). We explore the potential impact
that previously negligible systematics could be playing in cosmological
constraints provided by standard ruler measurements. We inject a series of
systematics into 500 mock surveys (containing ~10^6 sources) and study
how these systematics affect our cosmological rulers. We show plausible
systematics are very unlikely to significantly contribute to this H(0) tension,
and develop a theoretical model to interpret and predict the impact of
these systematics.

Engineering Spin Domains in a Binary BEC
Alexander Pritchard

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 multicomponent Bose-Einstein condensates, in various geometries, allows us to
explore multiple BECs that interact different depending on their miscibility.
With the use of Rabi pulses and magnetic bias fields we can change
the internal magnetic hyperfine state of the atom to non-magnetically
trappable states, which remain trapped in our optical dipole trap. Through
this method, we can prepare two-component BECs of different hyperfine
states. The interactions are dominated by the inter- and intra-species
s-wave scattering. Depending on the choice of states, either a miscible or
immiscible case can form. We explore an innovative way of trapping the
spin states at a known location which can be further used for experiments.

Hunting Black Hole Mergers in Star Clusters
Anthony Arnold
When black holes merge, they release enormous amounts of energy in the
form of gravitational waves. But how can two black holes form and then
merge? One possibility is that they form inside globular clusters, which
are highly dynamic and gravitationally bound. However, these clusters are
huge; they can contain millions of stars and take a lot of effort to integrate
their evolution over time scales as long as 15 billion years. We made some
modifications to existing simulation software to make this job easier. By
introducing a faster, albeit approximate, algorithm for calculating gravity we
were able to reduce the simulation execution time by half.

Can age-old approximations bias Cosmology?
Anthony Carr

One of the most pressing issues in Cosmology today is the disagreement in
the expansion rate of the universe as measured locally using supernovae,
and as inferred from the Cosmic Microwave Background. We must now
turn our attention to as-yet unaccounted for systematics in our local
measurements. One such systematic arises from the heliocentric correction
to our redshifts, that is often approximated. Through my research, I show
that this approximation is still being used in the leading astrophysical
database and, as well as the leading supernova sample. I then show how
this approximation can bias the local supernovae measurements.

Constraining Vector Mediated Dark Matter in
GAMBIT
Christopher Chang
Extensions to the Standard Model offer a strong theoretical framework
to describe dark matter. The lack of an unambiguous detection of new
particles therefore constrains the parameter space of new theories. My work
has been to add one of these theories into the GAMBIT pipeline to perform
global fits of a simplified dark matter model. This adds a dark matter fermion
and a spin-1 boson to mediate exchanges to Standard Model particles.
In order to do this, GAMBIT’s collider module must first be upgraded to
accommodate a wider range of particle theories. Having now adapted the
machinery to allow parton jet matching, smarter phase space sampling
is the last step before full global fits will be performed. As most studies
of simple extensions to the Standard Model only explore a subset of the
parameter space, full fits will help to inform future particle searches.

Constraining the fundamental number of
quantum DOF using gravity
Harshit Verma
How many quantum degrees of freedom (DOF) are present in the universe
is a fundamental open question in Physics. I will discuss how gravity can
be used to approach this important question, elaborating on the interplay
between quantum mechanics and gravity in the process. This quest is
grounded in a series of recent works focusing on the low energy regime,
which explore the effect of gravity on quantum systems manifesting as time
dilation of an evolving quantum DOF. I will introduce the phenomenon of
gravitational decoherence of a spatial superposition arising in this formalism
and widen its scope to include extended quantum systems (EQS) while
highlighting the key differences this exercise entails. Finally, using spin
chain as a toy model for EQS, I will present the number of independent EQS
which can cause reasonable decoherence in the spatial superposition of
the massive particle. The coherence observed in an actual experiment can
therefore, be used to put a fundamental limit on the number of quantum
DOF surrounding the spatial superposition of a massive particle, thus
answering the aforementioned open question.

Schrodinger’s cat for de Sitter spacetime
Joshua Foo
A self-consistent theory of quantum gravity is expected to contain
descriptions of classical spacetime geometries in quantum superpositions.
Here, we provide a new phenomenological description of a metric in a
superposition of curvatures, using an Unruh-deWitt detector. The detector
interacts with the conformally coupled vacuum state defined on a static
de Sitter metric in a superposition of curvatures. The instantaneous
transition rate of the detector has a direct correspondence with that
of a detector travelling in a superposition of proper accelerations in
Minkowski spacetime. We also study the detector in a superposition of
spatial translations, discovering that its response is thermal and likewise
corresponds with that of a detector in a superposition of spatially translated
accelerated trajectories in Minkowski spacetime. For such detectors, we
demonstrate the emergence of so-called anti-Gibbons-Hawking behaviour,
which would be otherwise absent for detectors travelling on classical
trajectories.

Interfering Two Photons Irrespective of Their
Location
Joshua Guanzon
We describe a multimode passive optical circuit which can emulate the twophoton number statistics of a beam splitter, irrespective of where the two
photons entered the optical circuit [1]. These photon number statistics includes
the absence of coincidence counts (i.e., the Hong-Ou-Mandel dip), a 100%
coincidence rate, as well as all possible two-photon beam splitter statistics
between these two extremal points. The input location invariance property
means it can take advantage of certain types of single-photon sources to have
enhanced sampling rates, whose advantage scales with larger circuit sizes. We
will also present very recent results (not covered in our paper [1]), in which we
show that these optical circuits can also be used for quantum metrology with
interesting information symmetry properties.
References [1] Guanzon, J. J., Lund, A. P., & Ralph, T. C. (2020). Controllable
quantum interference from two-photon scattershot sources. Physical Review A,
102(3), 032606.

Symmetry Breaking Equilibria in a Quantum
Vortex Gas
Kwan Goddard Lee
Bose Einstein Condensates (BECs) behave as nearly ideal fluids,
allowing many previously inaccessible fluid dynamic phenomena to be
experimentally observed and explored. In particular we are interested in the
behaviour of quantised vortices which, in two dimensions, tend to cluster
together at high energy. This is an equilibrium state known as an Onsager
Cluster. Competition between angular momentum and energy leads to
spontaneous symmetry breaking, a phenomena that can only be realised
at negative Boltzmann temperatures. Our results also show that a system of
few vortices ~15, agree well with thermodynamical predictions.

Self-Guided Quantum Tomography with QUDITS
Mahdi Qaryan
Practical quantum communication requires high information capacity.
Quantum systems with more than two levels–qudits–can provide us a rich
platform for communication which results in higher information capacity.
I will discuss an experimental approach that makes qudits more practical
for real-world purposes. This approach named Self-guided quantum state
tomography makes the procedure of tomography more feasible for higherdimensional quantum systems.

Formation of Ultra-compact DwarfGalaxies by
Galaxy Stripping
Rebecca Mayes
This project aims to predict the numbers and distributions of Ultra-Compact
Dwarf Galaxies (UCDs) formed from tidal stripping of nucleated dwarf
galaxies. Tidal stripping is predicted to produce some percentage of the UCD
population, however the exact numbers and distribution of UCDs that tidal
stripping produces is unknown. To find the numbers and distributions of UCDs
that tidal stripping produces the Eagle simulation suite is used. The Eagle
simulations can model the formation of UCDs by tracing the merger trees of
galaxies within a simulated cluster similar to the Virgo cluster. By designating
the most bound particle of each galaxy prior to its merger in the merger tree
as the nucleus, this particle can be tracked across snapshots and its position
at the present day can be determined. Properties such as stellar mass, black
hole mass, colour and metallicity can then be derived for the resulting UCD
and compared to observations of UCDs. Thus far I have completed the process
of finding the locations of most bound particles for seven massive clusters in
the EAGLE simulation, and found that stripped nuclei cluster strongly around
their host galaxies. I have compared the distributions of the stripped nuclei
associated with simulated galaxies to the distribution of UCDs observed around
massive galaxies in the Virgo cluster, and found that they are consistent. I have
compared the number of stripped nuclei predicted in massive clusters and
around massive galaxies to the number of UCDs in the Virgo cluster and around
massive observed galaxies and found that they are also consistent.

Multiple Formation Pathways for S0s
Simon Deeley
S0 (or lenticular) galaxies are very common throughout the Universe, yet how
these galaxies form remains highly debated. Two main formation pathways
have been proposed; the first involves the gradual fading or gas-stripping of
a blue spiral galaxy, and the second involves a disruptive merger event. Here
we combine both observations and simulations to identify which formation
pathway is actually occurring. Our results indicate that both formation
pathways are active, showing that hidden within the group of visually similar
galaxies lies two very different formation histories.

What is a Quantum Shock Wave?
Steven Simmons
Shock waves are examples of the far-from-equilibrium behaviour of matter;
they are ubiquitous in nature, yet the underlying microscopic mechanisms
behind their formation are not well understood. Here, we study the dynamics of
dispersive quantum shock waves in a one-dimensional Bose gas, and show that
the oscillatory train forming from a local density bump expanding into a uniform
background is a result of quantum mechanical self-interference. The amplitude of
oscillations, i.e., the interference contrast, decreases with the increase of both the
temperature of the gas and the interaction strength due to the reduced phase
coherence length. Furthermore, we show that vacuum and thermal fluctuations
can significantly wash out the interference contrast, seen in the mean-field
approaches, due to shot-to-shot fluctuations in the position of interference
fringes around the mean.
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Introduction

Quantum group Uq (gl(n))

Due to the prevalence of colour Lie algebras in the context of integrable models,
an ongoing area of interest for research is the explicit developing of the structure
of these objects. The goal of this research is to develop and study certain algebra embeddings, particularly embeddings of colour Lie algebras within quantum
groups at roots of unity.
To this end, the research specifically aims to undertake the following:
• As a specific prototype, determine the existence of Z2 × Z2- graded colour
variants of the Lie algebra gl(n) inside the quantum group Uq (gl(n)) in the
limit as q → −1.

The quantum group Uq (gl(n)) over a complex field C is defined as a unital associative
algebra generated by {hi, hn, ei, fi}, {i = 1, ..., n − 1} and the relations

A q-Schrödinger algebra Uq (g1, 1 )
2

[hi, hj ] = 0 = [hn, ej ] = [hn, fj ], [hi, ej ] = aij ej , [hi, fj ] = −aij fj

Pt G − q G Pt = Px, Px G − q −1 G Px = 0,

E i = ei q h i ,

[a]q =

Fi = q −hi fi.

Embedding of U (gl(n1, n2|n3, n4)) in U−1(gl(n))
To demonstrate how the embedding has been constructed, we exhibit the theory in the
context of the integer partitions. A partition of an integer n up to length 4 is a representation
of n as a sum of integers ≥ 1, considering the order of terms of this sum. We denote
the colour algebra associated with these ordered partitions by gl(n1, n2|n3, n4) such that
n1 + n2 + n3 + n4 = n. Now, we need to count all the partitions of a positive integer
gl(n) up to length 4, where the order is important and no more than one of the labels
n1, n2, n3, n4 is zero. The importance of the order is to distinguish, for example, structures
such as gl(2, 0|1, 1) and gl(0, 2|1, 1). This can happen by considering all the cases of the
isomorphism since these isomorphisms will reduce the counts by one. In the following, we
have included all the isomorphic cases,

˜

˜

x, y = −(−1)d(x)·d(y)y, x, (graded antisymmetry)
˜

˜

The main object of our study in this research is the Z2 × Z2-graded general linear superalgebra gl(m1, m2|n1, n2), where the labels m1, m2, n1 and n2 are nonnegative integers. As in the Z2-graded case, a convenient basis is the standard
one comprising (homogeneous) elementary matrices Ẽij with 1 in the entry of
row i, column j and 0 elsewhere. Using the graded index notation introduced in
[6]


i = 1, . . . , m1
i = m1 + 1, . . . , m1 + m2
i = m1 + m2 + 1, . . . , m1 + m2 + n1
i = m1 + m2 + n1 + 1, . . . , m1 + m2 + n1 + n2.
˜ Ẽij ) = d˜i + d˜j mod
It is a homogeneous matrix with degree given by d˜ij := d(
(2, 2). The Z2 × Z2-graded Lie product is given as follows,
d˜i =

(0, 0);



(1, 1);
 (1, 0);


(0, 1);

˜ ˜
Ẽij , Ẽk = δjk Ẽi − (−1)dij ·dk δiẼkj ,

and the universal enveloping algebra U (gl(m1, m2|n1, n2)) is the unital associative
algebra subject to the relations
˜ ˜
˜ ˜
Ẽij Ẽk − (−1)dij ·dk ẼkẼij = δjk Ẽi − (−1)dij ·dk δiẼkj .

Recently, Isaac et al [4] constructed operators inside an algebraic extension of
the enveloping algebra of Lie superalgebra gl(m|n) that realise gl(m1, m2|n1, n2),
with m = m1 + m2 and n = n1 + n2.

q a − q −a
.
q − q −1

So far we have determined the embeddings of Z2 × Z2- graded colour superalgebras within q -Schrödinger algebra. When q → −1, let

Z2 × Z2- graded Lie colour algebras

x, y, z = x, y, z − (−1)d(x)·d(y)y, x, z, (graded Jacobi identity).
˜ · d(y)
˜ = x1y1 + x2y2 mod 2.
˜ = (x1, x2), d(y)
˜ = (y1, y2) ⇒ d(x)
d(x)

[D, Pt] = −2Pt, [D, K] = 2K, [Px, K] = G q −D , [Pt, K] = [D]q ,

where q -number notations:

Following [5,6], let g̃ be a Z2 × Z2-graded vector space over C, that decomposes
as

g̃ = g̃(0,0) ⊕ g̃(1,1) ⊕ g̃(1,0) ⊕ g̃(0,1).

2

[D, G] = G, [Px, D] = Px, Pt Px − q −1Px Pt = 0,

q hi − q −hi
,
q − q −1
where (aij ) denotes the Cartan matrix of type sl(n). In Uq (gl(n)), introduce generators
[ei, fj ] = δij

• Study the embeddings of Z2 × Z2-graded colour within the q -Schrödinger
algebra in the limit q → −1.

For a homogeneous element xa ∈ g̃a, a = (0, 0), (1, 1), (1, 0), or (0, 1), the degree
˜ a) = a. g̃ is endowed with a bilinear product ·, · : g̃ ⊗ g̃ → g̃
of xa is d(x
that preserves grading, i.e. if x ∈ g̃d(x)
˜ , y ∈ g̃d(y)
˜ , then x, y ∈ g̃d(x)+
˜
˜
d(y)
(componentwise addition mod 2).

The algebra Uq (g1, 1 ) has the nontrivial q -commutation relations [3]

P̃t = Pt(−1)D ,

G̃ = G,

K̃ = (−1)−D K,

(0, 0)
(1, 0)
(0, 1)
(1, 1)

:
:
:
:

D̃, Ñ , Ẽ, F̃
P̃x, B̃
K̃, P̃t, W̃
G̃

The Z2 × Z2 degree of K̃, P̃x, P̃t, and G̃ forces us to introduce new elements:

{P̃x, P̃x} = Ñ ,

Proposition

{P̃t, P̃t} = Ẽ,

{G̃, K̃} = B̃,

(1) gl(n1, 0|n3, n4) ∼
= gl(0, n2|n3, n4),
(2) gl(n1, n2|n3, 0) ∼
= gl(n1, n2|0, n4),

D̃ = D,

P̃x = Px(−1)D .

We construct the Z2 × Z2- graded algebra by the idea same as [1,2], that is, by
transforming bosonic operators into fermionic ones. The assignment of Z2 × Z2
degree is given by

{K̃, K̃} = F̃ ,

{P̃x, G̃} = W̃ .

Future work

(3) gl(n1, n2|n3, n4) ∼
= gl(n2, n1|n3, n4),
(4) gl(n1, n2|n3, n4) ∼
= gl(n1, n2|n4, n3).

Corollary:

• finite-dimensional q -conformal Galilei algebras

• Z2 × Z2-graded colour embeddings of q -conformal Galilei algebras in the
limit q → −1

gl(n1, n2|n3, n4) ∼
= gl(n2, n1|n4, n3).

We have applied these isomorphisms to reduce the number of distinct examples and we
obtain the generating sequence of gl(n), n = 1, 2, 3, 4, 5, ... as the following:

0, 0, 2, 5, 10, 17, 26, 38, 52, ....

(1)

We are now in a position to find a generating function of the sequence in (1) and we consider
two separate cases. Firstly, when n = 2k, k = 1, 2, 3, ...,, the total sum of all the possibilities
is

n3 + 9n2 − 22n
.
24
Secondly, in the case when n = 2k + 1, k = 0, 1, 2, ..., where k is positive integer
d1(n) =

d2(n) =

n3 + 9n2 − 25n + 15
.
24

• Recast the known Z2 × Z2-graded symmetry of the Lévy-Leblond equations

• Representations theory of the associated quantum group
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(1) N. Aizawa, A. Kuznetsova, H. Tanaka and F. Toppan, In: S. Duarte et al. (eds.) Phys. Math. Asps. Syms. 79, (2017).
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Colour Lie algebras structure with a view to
applications
Alhanouf Mubarak B Almutairi
We discuss the limit of q as a root of unity of q- deformations corresponding to
a semisimple Lie algebra gl(n) and non-semisimple Schrödinger algebra, and
consider the presence of colour Lie algebras occurring as subalgebras in this
limit. This will largely be a survey of the relevant literature, and a presentation of
some preliminary results relating to certain colour Lie algebras.

T HE E VOLUTION OF M ENOPAUSE
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BACKGROUND : In the Plio-Pleistocene period (ca. 2 million years ago), our African ancestors experienced an ecological shift from forest to savannah. When food sources became harder to
access by juveniles, several social and behavioural adaptations separated humans from our close primate relatives. In particular, human adult lifespans include a post-menopausal life stage.
M ODEL 1: F EMALE -O NLY
Females with
lifelong fertility
(1 − ε)r1

Female with
old-age infertility
εr1

F1

r2

F2

Mutation

No mutation
δ

P ROBLEM : I S MENOPAUSE A PRODUCT OF MALE MATE SELECTION ?

M ODEL 2: T WO -S EX

Morton et al. suggested human females evolved old-age infertility through ancestral males forgoing
mating with older females. As their agent-based model is difficult to analyse, we propose the following
system of ordinary differential equations.

Explicitly including males where similarly, s1 (t)
and s2 (t) are the male reproductive contribution
dF1
dt
dF2
dt
dM1
dt
dM2
dt

We consider four populations:

δ

Females with lifelong fertility F1

Death

Females with old-age infertility F2

A system of ordinary differential equations where
r1 and r2 are the female reproductive contribution

= (1 − ε)r1 (t)F1 − δF1 ,
= εr1 (t)F1 + r2 (t)F2 − δF2 ,
= s1 (t)
= s2 (t)

M1
− δM1 ,
M1 + M 2
M2
− δM2 .
M1 + M 2

S IMULATION

dF1
= (1 − ε)r1 F1 − δF1 ,
dt
dF2
= εr1 F1 + r2 F2 − δF2 .
dt

S IMULATION
Proportion of
females with lifelong fertility

1
(0.01, 0.98)

(0.001, 0.78)

0.5

(0.0005, 0.56)

0
10

-3

10

-2

10

-1

• Females with lifelong fertility and unfussy
males will make up a majority of the population.

1

Probability of older females finding a mate

• If a small number of older females mate, lifelong fertility will be the dominant trait.

Unfussy males M1 ; mates with all females Fussy males M2 ; mates with young females

• Unfussy and fussy males cannot co-exist because M1 ’s willingness to mate with older females gives them a strong evolutionary advantage.

C ONCLUSION : It is unsustainable and evolutionarily inferior for males to limit their mating preference. Consider
the Grandmother Hypothesis: older females subsidise juveniles as the environment shifted.
What if menopause arose from older females choosing to stop reproducing?
R EFERENCES
[1] Richard A. Morton, Jonathan R. Stone, and Rama S. Singh. Mate choice and the origin of menopause. PLOS Computational Biology, 9(6):1–8, 06 2013.
[2] Kristen Hawkes and James E Coxworth. Grandmothers and the evolution of human longevity: A review of findings and future directions. Evolutionary Anthropology: Issues, News, and Reviews,
22(6):294–302, 2013.
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The Evolution of Menopause
Anthia Le
When we examine the life history of humans against our close primate
relatives , we see that human adult lifespans include a post-menopausal life
stage. This leads to the question, “how did human females evolve to have oldage infertility?” Morton et al. suggested that ancestral male mating choices,
particularly forgoing mating with older females, was the driving force behind
the evolution of menopause. As their agent-based model is difficult to analyse,
we propose an analogous system of ordinary differential equations (ODE) to
examine their conclusions. Our conclusions contradict that of Morton et al., as
we find that even the slightest deviation from an exclusive mating preference
for younger females would counteract the evolution of menopause.

Sachdev-Ye-Kitaev Model and Time-Average
Procedure
Ming Chen
Through the time-average procedure, this poster proposes a new perspective
to treat the SYK model. In this interpretation, the SYK model can be taken as a
special case of this procedure and its effective theory can naturally preserve a
conformal property.

NOTE: Ming is currently offshore due to the COVID-19 travel
restrictions and hasn’t been able to return to Australia since the start
of the year.
He won’t at the event, but he has created a video to guide you
through his poster. You can find this via the link below or scanning
the QR Code.
https://bit.ly/347D22m

Classification and stability analysis of travelling wave solutions for collective cell migration
in an epithelial layer.
Nizhum Rahman
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Introduction:

A travelling wave is a wave that travels in a particular
direction, with a fixed shape.

Epithelial cell: Epithelial cell is a type of cell that lines the surfaces of our body.
Epithelial Cells

Result-2:

Stability: Mathematically, a travelling wave solution is said to be stable if small
perturbations or disturbances of the wave do not alter its form. After linearizing the
𝛿𝛿𝛿𝛿
system and writing it as an eigenvalue problem: ℒ − 𝐼𝐼𝐼𝐼 𝛿𝛿𝛿𝛿 = 0. We convert the
𝛿𝛿𝛿𝛿
eigenvalue problem into a system of first order ODEs:
3
𝛿𝛿𝜌𝜌′
𝛿𝛿𝛿𝛿𝛿 = 𝐴𝐴 𝑧𝑧, 𝜆𝜆
𝛿𝛿𝑎𝑎′

𝛿𝛿𝛿𝛿
𝛿𝛿𝛿𝛿 , where 𝐴𝐴 𝑧𝑧, 𝜆𝜆 =
𝛿𝛿𝛿𝛿

3𝑅𝑅′
𝑅𝑅

2𝑅𝑅′ 𝑠𝑠−𝑅𝑅2 𝜆𝜆
𝑅𝑅3

0

−𝑅𝑅3
𝑘𝑘

−𝑅𝑅′ 𝑅𝑅𝑅𝑅
− 𝑘𝑘
𝑅𝑅
𝐴𝐴′ −1 𝑅𝑅
𝑠𝑠

𝑀𝑀′𝑅𝑅
𝑘𝑘
𝑀𝑀′ 𝑅𝑅𝑅𝑅
𝑘𝑘

𝑅𝑅 𝜆𝜆+1
𝑠𝑠

.

It has been found that cell polarisation and migratory directionality propagates
within a sheet of cells like a travelling wave. We calculate all possible wave
speeds and their stability.

Methods: The following 1D model for cell polarisation and migration in a
epithelial layer has been proposed [1]:
𝜕𝜕𝜕𝜕 𝜕𝜕(𝜌𝜌𝑀𝑀𝑛𝑛 (𝑎𝑎))
+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

𝜕𝜕
− 𝜕𝜕𝜕𝜕

𝑘𝑘 𝜕𝜕𝜕𝜕
𝜌𝜌2 𝜕𝜕𝑥𝑥

𝜕𝜕𝜕𝜕
+ 𝑀𝑀𝑛𝑛 𝑎𝑎 − 𝑘𝑘 𝜌𝜌13 𝑑𝑑𝑑𝑑

=0

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

− 1 + 𝑎𝑎 = 0 .

Where 𝜌𝜌(𝑥𝑥) is the cell density, 𝑎𝑎(x) is the cell polarity.
For finding travelling waves we transfer these equations in moving coordinate
as 𝑧𝑧 = 𝑠𝑠 − 𝑥𝑥𝑥𝑥, where ‘s’ is the travelling wave of polarity.

Preliminary Result:
departing cell sheet.

The travelling wave for polarisation due to

Result-1:

We obtain different types of travelling waves due to departing or colliding cell
sheets. To obtain these we apply two different transformations:
𝑇𝑇1: 𝑅𝑅 𝑧𝑧 , 𝐴𝐴 𝑧𝑧 , 𝑠𝑠 → 𝑅𝑅ത 𝑧𝑧ҧ , 𝐴𝐴ҧ 𝑧𝑧ҧ , 𝑠𝑠ҧ ,
𝑧𝑧
where 𝐴𝐴ҧ = 𝐴𝐴, 𝑅𝑅1ത +𝑅𝑅1 = 2 , 𝑧𝑧ҧ = 0 1 − 2 𝑅𝑅ത 𝑑𝑑 𝑧𝑧ҧ and 𝑠𝑠ҧ = −𝑠𝑠
𝑇𝑇1: 𝜌𝜌 𝑥𝑥, 𝑡𝑡 , 𝑎𝑎 𝑥𝑥, 𝑡𝑡 → 𝜌𝜌ҧ 𝑥𝑥,ҧ 𝑡𝑡ҧ , 𝑎𝑎ത 𝑥𝑥,ҧ 𝑡𝑡ҧ ,
where 𝑡𝑡ҧ = 𝑡𝑡, 𝑎𝑎ത = 1 − 𝑎𝑎 , 𝑥𝑥ҧ = 𝑡𝑡 − 𝑥𝑥, 𝑣𝑣ҧ = 1 − 𝑣𝑣 and 𝜌𝜌ҧ = 𝜌𝜌

As the Fredholm border touches the imaginary axis of the complex plane, so we study
the absolute spectrum [2]. In the exponentially weighted space, the absolute spectrum
is on the left side of the complex plane, so our travelling waves are essentially stable [2].

Result-3:

Evans Function: We investigate the point spectrum of the operator ℒ by using the
Evans function. The Evans function 𝐷𝐷(𝜆𝜆) represents the determinant of unstable
eigenvectors of𝐴𝐴− (at 𝑧𝑧 = −∞) and stable eigenvectors of 𝐴𝐴+ (at z = ∞), both
propagated to 𝑧𝑧 = 0 by the operatorℒ.

𝐷𝐷 𝜆𝜆 = 0 if, and only if 𝜆𝜆 is in the point spectrum of ℒ.

We apply the argument principle as it states that, the winding number around the
origin is equal to the number of zeros in a closed contour [3].

Decreasing of polarisation is referred as depolarisation.

We see that the winding number (point spectrum) is zero unless the origin of the
complex plane is included, so our travelling waves solution are linearly stable.

Applications: A better understanding
of the mechanisms that allow to control
polarisation and
depolarisation of
migrating epithelial cells has the potential
to contribute to the understanding of
tumour biology, wound healing and to be
used in the bioengineering of tissue
implants.
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Classification and stability analysis of travelling wave
solutions for collective cell migration in an epithelial
layer
Nizhum Rahman
We identify travelling wave solutions arising in a model for collective cell
migration in epithelial layers. We investigate their stability, most notably we
analyse the essential and absolute spectra and we apply the Evans function to
investigate the point spectrum.

The Dial-A-Ride Problem: Combining Dantzig-Wolfe
and Benders Decomposition
Yannik Rist
Benders Decomposition and Dantzig-Wolfe Decomposition, in the form of
Branch-and-Price, are two well-established techniques for solving difficult
mixed integer programs. Branch-and-Price methods have dominated much
of the literature on vehicle routing problems, which play an important role
in health care, supply chain management and public transport. By using a
hybrid approach which combines the two techniques, it is possible to exploit
advantages of both methods while avoiding their worst drawbacks. The new
approach has proven highly successful for the Dial-A-Ride problem, a type of
vehicle routing problem.
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Introduction

Results

♦ Liquid crystals are common around us: soap, some cell membranes and your smart phone.

•propose a new form of the Landau-de
Gennes’ and verify the physics relavence;

“Liquid crystals are beautiful and mysterious.”
– Nobel Prize Laureate Pierre-Gilles de Gennes

♦ A celebrated theory: the Landau-de Gennes (LdG) theory.
♦ The LdG formulation (2 parameters) is generalizable: Longa
et al. (1987) gave a 22-parameter LdG energy density (c.f. [1]).
♦ The simplest phase of such complex fluid is known as nematics.
♦ Based on the molecular shape: uniaxial and biaxial nematics.

Joint with A/Prof Min-Chun Hong, we [3]:

•achieve the best constant assumption on Li
by rotations (equivlent to Ericksen’s condition);
Fig. 1

•derive a special type (uniaxial) of the EulerLagrange equation for E(Q; Ω);
•prove the existence of minimizers QL and
show its convergence to a minimizer Q of
E(Q; Ω);
•prove the limit of weak solutions QL to solves
EL(E) (under suitable assumptions).

Discussion
Fig. 2

Fig. 3

♦ For uniaxial nematics, to agree with the verified Oseen-Frank model, Dickmann (1995)
derived a (4-parameter) LdG energy density that is widely accepted and studied (c.f. [1]):
L1
L2 ∂Qij ∂Qik
L3 ∂Qik ∂Qij
L4
∂Qij ∂Qij
fE (Q, ∇Q)
= |∇Q|2 +
+
+
, (1)
Qlk
2
2 ∂xj ∂xk
2 ∂xj ∂xk
2
∂xl ∂xk
(elastic density part)


a
b
c
2
= − tr(Q2 ) − tr(Q3 ) +
(2)
tr(Q2 ) .
fB (Q)
2
3
4
(bulk density part)
(summing
over
repeated
indices)


The unknown Q ∈ S0 := Q ∈ M3×3 : QT = Q, tr Q = 0 . The Li are the material constants.

A coercivity problem: For Ω ∈ R3 and Q ∈ W 1,2 (Ω; S0 ), Ball and Majumdar (2010)

proved that

ELdG :=

 
Ω


fE (Q, ∇Q) + fB (Q) dx

does not satisfy a coercivity condition for L4 = 0. This means that

existence of minimizers for ELdG cannot be guaranteed in W 1,2 (Ω; S0 ).

A new representation
♦ For uniaxial nematic liquid crystals, we [2] discover that (a, b and c are material constants)
√
3
2s+
b + b2 + 24ac
∂Qij ∂Qij
∂Qij
∂Qij
=
(Qln
)(Qkn
)−
Qlk
|∇Q|2 , s+ :=
.
∂xl ∂xk
s+
∂xl
∂xk
3
4c


1
2
♦ Then for Q ∈ S∗ := Q ∈ S0 : Q = s+ (u ⊗ u − 3 I), u ∈ S , we propose the following
E(Q; Ω) =



Ω

fE,1 (Q, ∇Q) dx =

 
L
Ω

+



Ω

Majumdar and Zarnescu [4] initiated mathematical analysis on the so call one-constant approximation by considering L2 = L3 = L4 = 0.
Paicu and Zarnescu (2011) first studied the coupled Navier-Stokes and Q-tensor system.
Over years of development, researchers (c.f. [1])
improve assumptions to L4 = 0, or |Q|t=0
is sufficiently small. The general case where
L4 = 0 remains open.
In the recent work with Hong and Mei, we [3]
proved maximal time smooth convergence:
Ginzburg-Landau → Ericksen-Leslie’s.
Based on the techniques in [3] and observation
in [1] and [2], what can we say about
the coupled relaxed Q-tensor flow →
the coupled uniaxial Q-tensor flow?
What about the numerical simulations for the
coupled relaxed Q-tensor flow?

s+ L4 

L2 ∂Qij ∂Qik
dx
|∇Q|2 +
3
2 ∂xj ∂xk
3L4
L3 ∂Qik ∂Qij
∂Qij ∂Qij
+
Qln Qkn
dx. (3)
2 ∂xj ∂xk
2s+
∂xl ∂xk

1

2

The new form E(Q; Ω) opens up opportunities
to study coupled Q-tensor flow problems. In the
existing literature:

−

Note that fE,1 is equivalent to fE (Q, ∇Q) and inclusive of Longa’s extensive representation.
2s
♦ An answer to the coercivity problem is L2 ≥ 0, L4 ≥ 0, L1 − |L3 | − 3+ L4 > 0.

Fig. 4

Relaxed Q-tensor and its limit
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A new representation for the Landau-de Gennes
energy of nematic liquid crystals
Zhewen Feng
In 1971, Nobel Prize Laureate Pierre-Gilles de Gennes proposed a theory to
study liquid crystals known as the Landau-de Gennes theory. For the simplest
phase of liquid crystals: nematics, Ball-Majumdar in 2010 proved that the
Landau-de Gennes energy functional does not satisfy a coercivity condition,
which causes a problem in mathematics to establish existence of energy
minimizers. To solve this problem, we propose a new Landau-de Gennes
energy, which is equivalent to the original for uniaxial nematic $Q$-tensors.
Similarly to the work of Majumdar-Zarnescu in 2010, we prove existence and
convergence of minimizers for the new Landau-de Gennes energy and discuss
potential directions on liquid crystal flow problems.
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