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A Crizis in Cosmology?
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Cosrnlc Structure as a
“Standard Ruler”

By measuning this scale today, we are mezsuning this
mdsn:kaﬂn'ja 8 hillion years of expansion! We
measure this echo as a series of wiggles in the galan

matter power spectrom [3):
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How do Errors Bias Standard
Rulers? “'\‘

When mapping cosmic shrocture, we can't measure galay distances directly- instead we
rely on measurements of redshift (z) to infer distances,

' < iz
Mzl = — — e
g H'Jl'- Vitmil + 23 + §iy
Redshifts probe the total kne-of-sight velocsty, bat can't distinguish its source. When
subtracting nom-cosmalogical redshifts, common Ipproxdmations can introduce
suhmmdshﬁmus[q}mdnmuemmaﬁeumuﬁe
era of precision cosmology?

We test this by mezsoring the Ba0 featare in 500 msck surveys (each with
~ 1y D00, D00 Sonrees ), with and withonot injected redshift systematies
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Redshift systematics dilate
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yardstick to different scales
We measure the average change in [ ——
B0 scale nmder a range of s
oconditions, and compare this to our
theoretical model (dotted) +
Our model very closely firs the -
chserved shift in BAO scale,
providing a relizhle framework to [l et
predict and interpoet how these T
errors will affect cosmalogical
inferemne
- -
sing these mock surveys (with
DT " . imjected bias) to constraim
! - b feature s remarkahbly
yield only marginal (<o.5
Ty Mpc) affsets in H, an
order of magnitade
= Our cuTent tension

Cosnme standard rulers are remarkably robust to redshift errors. We
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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.
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1. SUMMARY

‘Boee-Binstein condensates (BEC) of dilube gases
provide an excellent sy siem for studying super-
fhaid behaviours. Ha‘\'ms cm'd-_rlubel ocE'\'n.n-
mmmmmmcmm

d.lcfmn 1 Inour syskem we use fhis to
t},l.l'mllzhhtsocfad.m
hcﬁcrn'uh.ocnofnlpm

2. MuULTI-COMPONENT BECS

A mulh-u:l:npocn:n{ condensate is defined as
haiving bwo or mere internal states that
an= mm]:u.cu].l_!',l PoPulntd. For ¥Fh, the
F = 1 atomic spin stabe con have three mag-
reetic Zeeman substales (2F +1), mp = —1,0,+1
Cur i creates mulk onent BECs
shaes aﬂbd:h'd}l meare you have mulﬁph s
perfluick. This ides an extra degree of foee-
domﬂlamlﬁﬂwlm?ummm&u
superfluidity vortex formation and soliton be-
haviour Imaging multi-component stabes can be
dmﬂ'n‘oua]‘tﬂh‘rrﬁuiu.d‘l.

3. EXPERIMENTAL SETUP

The ex uses a I:igl'rﬂ.}l focused, red de-
turesd cptical-dipole beam to trap our BEC, with
condensaie fractiors of 70 and temperatunes of
50nK. This forms a cigar shaped trap which pro-
Vides tight radial confinement (w = 2r x 200
Hz). A series of magnetic bias and felds
ame used in combination with a well known BEF
pulse to varies state transiers to form a
well d domain. A dependent oph-
al'bmﬂnahomdhﬁnﬂhﬂlnﬂeogm
domain and can be mbdl:dmlpmeﬂn‘oush
a 20 AOT (See Figue below) Here we use a
F = 1,mp = +1 domain surrounded byF—
1,mg = -1 state which provides a

imuris cible sy st given the relative s-waie scak
bu:nshgﬂ?l.

. SPIN-DEPENDENT BARRIER

teal BBC usually use far debured to
ﬁﬁcd.hlthmdmnlamdgramd-lpsdﬂhgm 1m0
iment ﬂ'ﬂlll&lﬂ'ﬂpnebl e or attractive for all
states. For *"Rb a magic wa exists called the tune-
out toamel en This occurs when the blue detuning from
fhe: 7%mnem D lirve and ped detuning from the D2 line cane
cel the domirent scalar ac Stark shift amd we are left with
ﬂt\'adm'mdbu‘ourpduﬁznbﬂi&l. 'nmdepmdm
the mye state and light field polarization (givenin paranr
elers © = Acosife] and D = (3eos®(6y) — 1/2))[1]. The
figure to the right shows the ac Stark shift for Bb atoms
inmp=10 feclid line), mp = +1 (goeeny’ dashed)
ard mp = —1 {blue/ dot-dashed ) ground states for F = 1.
Plot is for right bemd dreularly polarised light (o %), The mg = 1 stabes are shifted by more than 2rm.
apart. Figuee taken from [1]

plnE—F(F+1) o

a2
2 )= (15 [at, i + a3y - p2mE—F
'|~l -If l ' J LFEF

6. RESULTS

Position stability of the formed domain at the centre of the trap (left plot) and a 50um displacement of
the domain using the barrier beam fright plot.
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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 multi-
component 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.
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Black Hole Merge

» Modify NBODYS, the state of the art in gravitational
n-body simulation.

» Replace the distant force calculator with a tree code.

» Integrate distant forces with a leap frog scheme.

Distant vs. Near Forces

.

Acrtist's impression courtesy of www.black-hales.ong
» When black holes meet they spiral towards each other,

emitting energy in the form of gravitational waves. Mear
» There have been dozens of recorded black hole mergers Farces Fyear .
B e B e g R T T e L T R
T LIS Lidsr aliid 'III&IJUI.I:I!:I.I.UII:::IIIL: FA R ‘\-\_,_\_'_,_-"
7 g 3
SEELEE The Tree Code - A Fast Approximation
ST 1.: » Recursively sub-divide the space, forming a tree.
— 25M
E o S0M e Starting at the top node, check:
= " # I the node is sufficienthy l L
.E_ 10 distant, approximate the gravitational FYELE T
FRET force using the node's centre of mass. -d_
o Otherwiss, visit B
P4 810 each child node and apply the same check. I:-D
Semi-major Axis (AL G

» Isolated stars can't become black holes and then merge. Integration Scheme

» The inspiral tirme is greater than the age of the universe!
» Something else must be driving them together. | Calculate Fﬁ,H Half Velocity Kick with Rc.r|

Globular Clusters | Integrate Foay to £ + A l_,l Calculate Far H Velocity Kickl

» Systems of 10° to 107 stars tightly bound by gravity.
» Produce exotic phenomena:
# Millisecond pulsars

iy | Results |
» Dense and dynamic enough to make black hole mergers

possible. Bag. Wt Chac Tirs par MBCCY T

Gravitational N-body Simulation Em :

» Gravitational N-body simulations of dense stellar .

systems like star clusters are resource intensive o T

o o I
actwities 1. -

» Direct-M schemes, where every particle interacts with

every other particle, require n® interactions per time Lonom )
shep. m—o—. HECDES - ¥
Energy Brer over Thime:
(1l
00 P Bl l
LaE i e = il
g / s
el &, =2
- o
» Simulations take months or years to complete. Tear =t

Le-0m




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?

A mystery of cosmological proporti
e iy Anthony Carr, Tamara Davis and Daniel Scolni

e -

« Redshifts () are fundamental 1o Casmology Fulr v Twngd  The corect way fo acd redshins 15 in factors of

due fo the expansion of the universe. Fuf SNLE S (1t
L . ARDELE

= We fE Cosmological parameters using redshifts g el SDE% i 14 2o = G+ 2zeumdl + 2ea)
In the glooal rest rame (the rest frame of the : wh P8l {  However we often see this approximated a5
cosmic microwave background, CME). Bal ] o = Fcwm +

= The Solar System’s own weloehy must be = ) — - — which Is accurate at low-z, but hiﬁ emor that

BCAlEs 35 7

factored out of cbserved redshifts. 3al-
Using supemovae as standard candles, we
compare apparent brightiness to radshift to
probe the unlverse's expansion histary. .. . PYvp
Surprisingly small systemalic biages in x (x- Where « ks angular separation from the CMB
axls) blas Cosmaology IF at low-z an LR 14 dipole.

This Is 3 sysfemalic ermon, but depends on sky
postion:

Eubble Res. {mag)

7 e o m
- = s

The Evidence: The NASA Exiragalaciic Databa

= UEINng ~200,000 gafaxies from e keading astrophysical database (MED + The approdmatian Is also prasent In he cument l2ading supemava
far shart), we demonsirate the approdmation | belng used. sampiz, e ‘Pantheon’ sample.
= Wie compute the full hellocentric-comected redshifis -7, and compare » WNen we compare our compuied comection with redshifts In Pantheon
to those glven by NED, =25} we 52€ exacily the same behaviour as In MED.
= The sinuseid In o and Inaartty with =7, . COMMIM oUF EUSPICNS. ' H
bt . rt
L Al F55
” . CAMDHEL
A f‘ SCF
’ L HST
\!‘ CFA®
L ] FSLMO
_ !1 C5P
t 3 SHLS
. 1
P 1 <rs5
in . " o -
W L (] wr by
e
= We alsa confinm NED uses the cutdated Cosmic Background Explarar = The highly anisotroplc ‘pencl beams' (veriical Ines In figure) ofizn used
measurement of the CMB dipoie (Fhesan et 3l 1986) Instead of the far supamova menorng are the most vulnersble o the appraximation.
Pilanck 2018 measurement. = W2 are also working with the Pantheon team 1o use the full comection,
a5 well as completaly overhaul the redshifls for the whale sample.
Wih the two distinct reglons . -r_:' #,
-

of galaxies, we detect the s

2 |
by the dpale sk

The question remalns: can an approximabad hellocentrc corection blas

We can accurataly mogsl cosmology? Yes. Does K7 The Investigation ks sill ongelng, but preliminary
' —
’ 1he exact effacts we expect analyses snow only negiigitie tas.
. gr,; AR e, Fartultously, Pamihecn equally covers ai-6Ky. 60 e |arge Smors we see
i ':lﬁl.lg' cancel.
i The excallent agreement
|, betwesn teary and data Hiawever, this ks st an important Isswe, 35 the Dark Energy Survey
£ again coninm our supernova sample will be at least double ine slze of Panthean and highly
a | = suspitions.
£l "
. Equaarial Flane Ve are now collaborating

Dupete Florm

Iiv whh the KED team o use
W s T T ek

‘e Pl comection and
updaie ihe dpole.

Funn.a.m.t&.m;u.nn nu_wrs_m
Wi Golaboralsn, Sghasis, 8 Susaml, ¥, alal 2000, ARS, 841,41




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, | show
that this approximation is still being used in the leading astrophysical
database and, as well as the leading supernova sample. | then show how
this approximation can bias the local supernovae measurements.



3 'Cr:ih's'traihi'h'g Vector Mediated

Vector Mediated Fermion
Dark Matter

Tris mosdel 3o twa new particies not precant In the Standard Modst 3
Weriar BIGaN, vy, aPd 3 difae TENmion dark matter candicate, . The
Lagranglan at describes this behavour ks

LD g Vukv" + ) Vg
T

And the fres parameters In ifis moded are fhe coupling
canstants and the masses of each paricle:

[Gs Ggr Ty, Y,
Tris | mone easly visualised with the kowest onder free-leve! Feynman
diagram:

S
2

exchanges between quarks and y (and s aniiparticia).

‘compiete. The aim of these models ks b Inform the phenamenciogy of
larger encampassing iheories.

Jet Matching

In onder i use the ColiderSit module [2] In GAMENT configantty wiin
new models, we had to adopt 3 Jet Matching scheme. Opfimaly, the
method would be {0 generate events a the matx slement level In
MadGraph [3], and pass these fo Pyihia [4] for parton

Appropricte cués would then be parformed atboth levels o reject
norHmatched parian Jets betwaen the two (method ks refemed fo MLV

Our method of jet matching appears fo agree with MUM well In the low
franswerse momentum, high event count regions.

Dark Matter Constraints

| performed a dark matier scan with CarkBi [1], applying relc
deteciion constraints.

eflicientty. This causes a rise In the rellc densly of dark matter io the
paini where It exceeds the dbsanations fram cosmology

Collider Simulation

In orter o valkdate the Collder machineny for this madel, | scanned
OWET Varying mEsseE but wilh foed couplings. The [kelihood was
based an.a CMS mona-et analyls &t the LHE [5] with a high degree
of missing detected enengy from

Alow dark matier mass reiative fo the medialor mass causes WS
decay Inta f to be sigrificant. Given the expactad signal from inis,
e 156K o Evident excasses I the LHC data nules aut large
Fegions of s parameter space. This I the cause of the
aramatically low caller 1kelRaodE for low TS Medishars and
suggects fat the energy scale of Me MEdaling Process Would be
Pigh encigh fo be weil described by effectve ek ineomes.

What's next?

In order o run full scans wilh the collider lieiihoods (io-combine wilh
matter

space sampling, | vl scan the full model parameter space,
producing consiraints on the madel 35 a whale.




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 degrees of freedom

. Z THE UNIVERSITY
using gravity OFQ .
Harshit Verma , Magdalena Zych, Fabio Costa | =] hverma@uqeduau AUsTRALIA
Laster for enginasned geastum sphems [BOUS], Sehosd of Methematiz snd Phyales, Unbesily of Susendind, SPiaels 4073, GLD, Asitraila CREATE CHANGE

Sehonlef Muthemaries asd Physics, Unisersity af Ouetnioed, S Lucia 4073, 900, Aweralis

INTRODUCTION

= Cirestion: How many fundamental particles are present in the universes

= Approach:
= Fundomental particles in the universe are guantizotfion of fundoamental fields.
= Fundamental fields can be viuvalized as many interacting guanturm DOF.

- Background: Proloe gravitational effects in guontum systems in the low energy regime.

- Refined gquesfion: Coan we devise an expenment in the low ensergy regime to constrain the numiber of gquantum DOFZ
= Theorefical framewaorc Grovitational redshift and gravitational decoherence due to fime diation.

GRAVITATIONAL RED SHIFT IN EXTENDED QUANTUM SYSTEMS WITH INTERNAL DOF AND DECOHERENCE

BAOTIVATION () DIFFERENTIAL FEDCHIET PARTS OF THE TOTAL HAMILTONIAN
Experimentally Toy model for fields 10 extended auantum system H =‘|-'|“+Hlu+ Hm‘
testable E sy chisin systemns [ R S A T A A I A ¥ ﬂ =Ef-1-;‘:¢":'|:}
Near term Sum of Local I Hon = trivial Ho= i By
i:;zzi:um Hamiltonians Redshift profiles =
o H,=TL, [indicative only) B GEDAMKEN EXPERMAENT

Exfended
quantum
sysfem

= Scenario: Bdended quantum system with intfemal DOF, with a masive parficle nearoy.
= Assumpfion: T= 0, mossive particle is brought adiabatically near the systern.
= (A} Total Homiltonian [(hence. the ground state] depends on the redshift profile - the

relative position of mass from the spin chain.
ossive
particle

= (B) f mams iz prepared in o spafial superpesition, the ground stote of spin chain is
entangled with the position of mass: W5 « [ 653, + I, 657, _l

M= |<65, |6
Dacoherencs | 4= 1=95r= 10 gm fioes out the intemal DoF  EitEMgled siute dus bo €65, 1Se ]
COM in * basis e et ] atetialhHE Visikility of path DOF

- Inference: Low wialkiiyy == Low coedap by &5 == High decchernce

DECOHERENCE IN SPATIAL SUPERPDSTION OF MASSIVE PARTICLE DUE TO SPIN CHAINS

J'nl'.l'?ll.p".tl LI Dlrrbl-."l:-NTU-.r- Red shiff factor - RESULTS
ZEDSHIFT 1M SPIN CHAING a s R o e e s ™ s
Lt v o =y 1% B8A1 = L+ AN «ﬂ=—ﬂﬁ =1 ol =18 ] o = 1
o e py =4 | p— iy
Ll Bl & b b ]“:1. W }‘:h@ Wk | IL frdy — | s
d ! Massive S
Ny particle n=yflk—ile vl Ve L L g o | commeme
b -1 L [ —a . .t - — . .
Original Hamilfonian : = J,E{SJST.. +EEL )+ R Y8, Y RS ™ LI . 7 B T
L . . = . XXT chain : XX chain :
s "n'iu'“nd: H= J.Euw.,..r[&‘s: (+8180) +-T.El:1+ﬁ..|]3.3‘f.. - s r=di=F=1 fe=ldy=8=0
COMNSTRAINING THE NUMBER OF QUANTUM DOF
LIATING CASE wITH s« N number of spin chains lying at the same relative position wrt.
SCHWARZCHILD BLACK HOLE |™7 the massive particle
T !
o o | = Eoch confributes equally to the deccherence : MN—0.
Laa d XL IEE o o XL o R |
e = Limnit & arbitrarily close to 0, defined by the limit of =xperimental
__RE*: i e yfi-e TTF T L T 7 observaiion. M- ™, N=—g/In[M)
QCTOF it lll.n;}l REFERENCES FOIZ BH EDIR FINITE nAASS
rim (k=14 o [t e e
. - NeZioras? N=10000 for =2, Inz = 0, O



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. | 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. | 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, | 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.
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Schrodinger’s cat for de Sitter

Motivations

Quantum gravity < descriptions of spacetime in
quantum superpositions.

New phenomenological description of a metric in
a superposition of curvatures, using an
Unruh-deWitn (UdW) detector.

Scenario 1: static detector in a superpesition of
spacetime locations &+ spacetime in a superposition
of translations.

Scenario 2: static detector on a background metric in
superpasition of curvature # classical analogue!

UdW formalism

UdW detector = two-level systemn coupled to
control DoF in superposition, interacts with
quantumn fields:

1 N
[Flera=—= > lo}® |g) @ [oas) o
WL e
cantral
with interaction Hamiltonian
N
By = 453 Y n(Ddlx(o) @ ledlel (2
=1

S T
perturbation ¢

ransition probability)
B &

== dse TS, (3)
NE‘;,{ 5 € e H

where WH(s) = {0as|® (x) & () |0gs).
Inclusion of control DoF allows us to define the fields

along diffi paths in superf or even
different background metrics.

Detector response in de Sitter

» Static de Sitter (d5) metric:

die —(1- AT +—R L Bao? (@)
1— a R
where a= dS length, 07 = d6® + sin® dg*.

Figure: d5 hyperboloid where o° & A (cosmalogical constant).
» A detector on a classical path:

Fo (5)

e2eljx )

where k= 1/¥a? — r? ie. thermal response.
» Detector in superposition of coordinates (x,x + L)
sin (20« sinh™'( Lx/2)) |
—_— (8

L1+ (Lxf2)?

e F(0)/Fi—02) = exp(Zw{2fx) = thermall

Diffeomorphic invariance

= Metric “felt’ by the detector traveling in
ition of m T

hic to

L

L

L]

L

L

spacetime

Superpositions of curvature

Can define W(s) (Eq. 3) w.rt fields B(x,), (x;)
quantised on dS metrics with different values of

Metric in superposition of curvatures & single metric
with ‘classical” d5 length. Beyond semi-classical
description!

Superposition of a's in d§ « superposition of
proper accel. in flat Mink ki
spacetime.

The anti-Gibbons-Haw king effect

For detector in superpasition of (x,x +.L) with
finite-time interactions = anti-Gibbons-Hawking
behaviour.

Detects fewer quanta as the field temperature
increases! Connection to quantum information =
coherent superposition of (thermal) channels.

L T

detector on a classical worldline with :‘
in a superposition of translations.

» Observables (e.g. ) are invariant under this
global transformation between perspectives

LN
Timisfl
Figure: Response function. ¥, as a function of the field

temperature, Tous, for (dashed) classical paths and (solid)
detectors in superpasition.




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 metricin 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.
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Interfering Two Photons
Irrespective of Their Location
uQ Joshua ). Guanzon, Austin P. Lund, and Timothy C. Ralph.

, injected into
a , experiences

Imagine a photon source
which randomly injects
into m input ports.

Motivation

1. are the
basic building blocks

for many optical circuits. With
phase shifters, any unitary
transformation can be done.

2.

since we can disregard location.
This advantage increases with m.

Our Research Problem Explained

What we discovered is an
which can
accept any of these inputs...

H T

cQecz2T

..and generate the same
of
a beam splitter.

Applications and Future Direction

1. Confirming

can be done by looking at the
destructive interference of
coinddence counts. Our circuit
can do this for multinle photon

sources/pairs simultaneousky.

2. Verification of

since the probability of observing
certain measurement outcomes
are known with our circuit.

3.

is possible as we can decompose
our circuit into a form which
gllows phase estimation. The
Fisher information appears to be

input location invariant, for all
possible photon inputs. This will be
investigated in the future.

Reference

Guanzan, J. L, Lund, A, P, & Rein, T, E 1
C |2020) Controlizble guenhem Sy
interference from two-photan
scattershot sources. Fivgsical Review =
&, 1023), 032608,




Interfering Two Photons Irrespective of Their
Location
Joshua Guanzon

We describe a multimode passive optical circuit which can emulate the two-
photon 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
guantum interference from two-photon scattershot sources. Physical Review A,
102(3), 032606.
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[Overview - )
Bose Einstein Condensates [BECs) behawe as
nearly ideal fluids, alkewing mamy previcusly in-
aco=ssible fluid dynamic phenomena to ke ecper-
imentally obszrved and explored. In particular we
are imberested in the behaviour of quantised wor-
tices which, in two dimensions, tend to custer to-
gethzr at high =nergy. This & an equilibrivm stats
kmown a5 an Onsager Cluster.

-mnnt and Methods |

The experimental apparatus at UQ facilitates
highly contrallable and repeatable sxperiments on
BECs tightly confined wertically LUsing a Dig-
ital Micromirror Dewice [OMD) we can confine
the BEC in an arbitrary two dimensional poten-
tial. This giwss 3 wery high degree of dynamic
contral over the BEC allowing many =cperiments,
induding two-dimensional fluid dynamics, to be
conducted [4].

5
i

Fig. 1- Using532 nm light controlled by the DMD
a)) we can creste arbitrary potentials in the BEC,
fior muample portraits of Bose and Einstein b). We
can also create " paddles” to stir the condensate
ard cregte worticss in waricus initial positions with
sequences ¢} &) and g). Thess ssquences create
orvaxis (d) and off-axis [f] worbes clust=rs as well
as two symmetrically placed clusters [h) respec-
tivedy.

[References |
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Unlarder of Cogn

The Point Vortex Model is widely used to study
turbulence in ideal two-dimensional fluids.

RN
:.’ ) o2
x\\_ ../ i

o

In an =quilibrium state, average vortex pesition de-
perds on both the enengy and angular momentum
af the vortices. Emergy corstraints terds kesps var-
tices clustered while angular momentum places var-
tices off-zocis. Competition betessen enengy and an-
gular momentum causs clustzrs to mowe off axs at
higher energy for 3 given angular momentum. This

.‘

transition resembles 2 second order phass trarsition
which can only ooour ot absolute negative Baoltz-
miann t=mperatures.

— | OT-ANiS
25, | an-huis
r

g

Fig: 2 - The -:qnlllhr M paErameter space consists
of four distinct regions with on-zxis equilibria in re-
gion 1 and off-axis equilibria in region 2 (adapted
fram [2]]. The angular momenturn is proporticonal
‘to the vortex distance from the centre of the trap
{blue lines) wher=as the erergy is inverssly propor-
tional to the distances between the vortices (red
linas). &t higher energies this breaks symmetry and
forces the wortex cluster off axs.

From the wortex pasitions we can calculate the
enengy and momentum of the vortices, as well as
clustering statistics, the most important of which
is the awerage wortex position or the dipole me-
ment [5). Three initial vortex configurations wers
uzed se= Fig. 1. On-awis d) (Red 40 runs), off-axis
] (Blus 43 rurs] and two symmetrically placed
clusters g] (Green 41 muns), with imegs=s taken at
250 ms steps over a 7 ssconds.

Fig. 3 - Plots of the wortex number, =nergy, angu-
lar mementum and dipole mement calculated from
wartze position. The markers ind icate experimental
walues while the solid lines indicate paoint wortex
simulations

The iz and off aeic cluders wam
ta equilibrium se= dipale moment Fi
average position is cose to constant.  Howewsr

b

the initial state with two symmetric vortex dus
‘ters starts in @ symmetric non-squilibrium state and
ewolves into a single non-acisymmetnc cluster e
Fig: 3. This symmetry breaking shows that a sin-
gle off-a=is cluster is the equilibrium postion and
iz quickly realized relative to the timespan of the
experiment.  In order to model the vortex dynam-
ics with point wortex simulations we ussd an extra
Birownian motion term to provide diffusion, l=ading
to decreasing energy, angular momentum and vor-
tex boss. This has encellent quantitative agresmert
with experiment, while the equilibrium cluster size
and paosition are in agresment with mzan-fisld the-
ory and Mort=-Carla simulations [1, 3].

t=0 ms 1000 ms  t=2500 ms  L<&750 m:

Fig. 4 - Da=ta from the two symmetrically placed
clusters [Grean). The top row are histograms of
wortes position.  The middle row are sxperimental
images with marksd worb=c positions.

These results experimertally show the long pre-
dicted symmetry breaking for vort=e clusters. We
also confirm that a cluster is the equilibriom posi-
tion. Furtharmors aur resulte ore stronghy in agmee
ment with point wortme simulations, monte-carks
simu lations, and mean field theory.




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.
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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.

| 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 higher-
dimensional quantum systems.



Formation of Ultra-compact Dwarf

Galaxies by Galaxy Stripping
=5 1

Figure 1 shows a U disawered 1n Maa [1]

Utra-Compact Dwarf Galaxies (UCDs)

are intermediate abjects: larger, brighter and

mare massive than globular clusters but more

compact than similady luminows dwarf galades.

Different formaticn scenarics suggest they may

be

1. High-mass globular clusters [2]

2. Formed from the merger of globular chusters [3]

3. The tidally stripped nuclei of daarf galaxies [4]
[E]

Tidal stripping likely produces at least same of the
UCD population. However, the scact numbers of
UCDs produced by tidal stripping is unknown.

In this study, we us= the hydrodynamic
EAGLE simulation to predict properties of
UCDs formed by tidal stripping in clusters
similar in mass to the Wirgo cluster.

Mew method for finding stripped nuchsi

To identify galasies which
may ke stripped we search
the merger trees of galaies
in clusters.

We madify EAGLE by
defining the mast bound
star particle tMBP] of
rincleated galacies as the
nucleus and tracking it
through the simulatian.
The 1 = 0 positions of thess MBPs conld then be
determined ond popertis derresd and comped

tizz derbeed and compored

to observations of UCDs in the Vings duster.

natiain

Figura 2 A slice chraugh
the EACLE simalacion [5]

Figure 3 An ecample merger tres of a galaoy with

the simulation madified to induds & stipped
nucleus. [7]

1 Michael Drinkwater!, Holger B

Figure 4 shows stripped nuclei for the ten most
maszive galucies of the duster in different colours.
The stripped nuclei cluster around the most
massive galaxies, rather than spread svenly
through the cluster. If stripped nuclei are
the pllﬂ'ﬂﬂj source for WD formation
observed UCD distributions should alsa
show evidence of :Ilnd.ci;-ng.

O Apariume Sipped Muc
u  Marger Tres Stripped Nucs

FPosiion mdative o galawy (Mpcd

—ﬂl A —ﬂl 2 a Iﬂ UIA‘ UI.
Foston mdative o gakory | Moo

Figure 4 shows stripped nuclei chustering around
the mast massive galaoy in the most massive
cluster. Fed stars are menger-tree nuclei stripped
bry this galscy. Blue points are all stripped nudd
found within a 500 kpc aperturs surrounding this
galzey.

10

— S sk i e e
— Otmrvad LCDS

Fraction K{<A]
B

Projacted distanca {ioc)

Figure & Cumulative distribution of

M = 1 % 10F Mg stripped nudei of the mest
maszive simulated galaoy of the chster and UCDs
arcund ME7. Applying the K-5 test to thes o
distributions returns p = 045,

THE UsIvERsITY

Joel Pleffer?

B e o st ol miscled

EPE Eame

P 7}
Clusier mass Mgl
Figure 6 shows the number of M = 1 % 107 Mg
stripped nuclsi found in high mass clusters as
compared to Wirgs. The number-cluster mass
relation is consistent with the number of chezrced
UCDs in the Virgs Cluster {to 1 sigma).
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Total galany mass {#al

againgt galwey hals mass. All thres Virgo galaies
are fourd within cne sigma of the line of best fit

» Simulations show stripped dwarf galaoy nudsi
cluster strongly arcund their host galases
rather than being spread throughout the duster.
Oibsereed CDx have similar clustenng pattems.

* The stripped nucls distribution of the mest
maszive galacy of the smulated duster is
corsistent with the distribution of UCDs around
MBT.

# The number of M = 1 % 107 M, stripped
nucki predicted in clusters and sround
individual galudes is consstent with the
number of UCDs in the Virgs duster.

¥ There is a high prabability that UCDs form
from the disruption of dwarf galades.

B & CNrkm g b e s - gy

L

Bl 8 mannt # s & s o
e e g el s e

H Rk i By o

W Pt it
i

W e emmich st
.

[ Tha EAGIE mum. Tl BT vmsimmns of imy reems Pas sy dpeih




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 | 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. | 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. | 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 50s ]

Simon DEE'E}I Michasl Drinkwa er Sarah Sv’.eet Jonathan DlaL Kenji EEH"I Duncan Forbes,
Warrick Cc-u-::h "and Arianna DDHI

Eemaeac LPeTE T WaFT E Lnivery of rsiand B e w130 A

dusabina Coms 1 Ralo oscrm Fomarh, Tas Lrbary of Kesors Al i 3-8 Hokra Casmbe Medun haciu, 4084 Sscrata
Cavine bw marearsa s A SupwTanga ey, ST, VI A1, AR

e iy My Pt

50 Galuxies

Possible Patheways - Witich one happemn?

b sediar st

s SAM] galaxy survey Lo imeesligate the
whe From 2P kinematic maps and €




Multiple Formation Pathways for SOs

Simon Deeley

SO (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?
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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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Alhanouf M. Almutairi
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Introduction

Due to the prevalence of colour Lie algebras in the context of integrable models,
an ongoing area of interest for research s the explicit developing of the structure
of these objects. The goal of this research is to develop and study certain aige-
bra embeddings, particularly embeddings of colour Lie algebras within quantum
groups at roots of uni
To i o, hersasrch epetay s o sk he vy
« As a specific prototype, determine the graded colour
variants of the Lie algebra gi(x) inside Yoo arim group ‘,\gl u)) in the
limitas g -+ 1

« Study the embeddings of

 Zyrgraded colour within the ¢-Schrédinger
algebra in the limit ¢ —+

graded Lie colour algebras

Following [5,6],let g be a 2, x Z-graded vector space over C, that decomposes
as

8= 800) ® 801.1) ® 810 o)
For a homogeneous element i, € §a, a = (0.0), (1. 1), (1,0), or (0.1, the degree
of , is dizq) = a. §is endowed with a bilinear product [-,-] B
that preserves grading, ie. if © € g, )
(componentwise addition mod 2).

le.ul =
[ 21 = [ [ =10 —

zy,22), dly)

HE e T

dteyit)

1.1, (graded antisymmetry)

gy, [

1] (gracied Jacobi identiy)

dtx) £y + 22 mod 2.

(v1.92) = d(z) - )

“The main object of our study in ths research is the 7, x Z-graded general lin-
ear superalgebra gi(m, |1, ), where the labels ;.. 1 and n, are non-
negative integers. As in the Z-graded case, a convenient basis is the standard
one comprising (homogeneous) elementary matrices £, with 1 in the entry of
row i, column j and 0 elsewhere. Using the graded index notation introduced in
O]

0,05 i=1,...,m

[T,
& (1L,0); i =my +my+1 my +my+ny
(1) 4=y 15 4+ Lo+ 0y 4
Itis & homogeneous matrix with degree given by d,, -~ d(F,;)  d, + d; mod
(2.2 The Z, x Z.-graded Lie product s given as folows,
(B Baal = 830 — (—1)50hes, By
and Wyl ) s the unial associat
algebra subject 1 the relaions
B — (-1 W By By = 5By - (<155 5By

Recently, Isaac et al [4] consiructed operators inside an algebraic extension of
ine enveloing aigebra ofLesuperalgetra () ttrealse g, i o).
-t myand n =y + o

Quantum group

The quantum group Uy al(n)) over a complex field C is defined as a unital associative
algebra generated by {f;, . nd the relations

i) = W S [hives) = aggey, [hifi] = —aiif;

[hishs] =0

A ~Schrédinger algebra v (g, ,)

‘The algebra U (g, ;) has the nontrivial ¢-commutation relations (3]
DR = 2P, [Pe k]

.G Pe.D)=Pr, PiPi—gq '\PrPi=0,
PG-4GR=Pr PG-g GP=0.

D.K] = 2K

[P K] = (D],

In Uy(gl(n),

(1(n))

To demonstrate how the embedding has been constructed, we exhioit the theory in the
‘context of the integer partiions. A parition of an integer n up to length 4 is a representation
of 1 as a sum of integers > 1, considering the order of terms of this sum. We denote
the colour algebra associated with these ordered parttions by gi(n;.1zJs, ;) such that

. Now, we need to count all the partiions of a positive integer
gl(n) up to length 4, where the order is important and no more than one of the labels
11, m2, 7131 8 2610, The imporiance of the order s to istinguih, fo oxample, tructures

has g(2.0]1.1) and gi(0.21,1). This can happen by considering all the cases of the

isomorphism since these isomorphisms wil reduce the counts by one. In the following, we
have included all the isomorphic cases,

Proposition
(1) gl D, o) = gl nafns, ),
@) gl ralns,0) = iy, mal0, ),
@) gllns, ralns, ) = gl{ng, mi s ).
@) gllny. rolns,n) = gl naln. ).
Corollary:
gl ol ) = gl . ms).

Wo e appl s lscrcrphlsms o 1ot rumber o it sanples and we
obtain the generating sequence of gl(), n 5.... s the following:

0,0,2,5,10,17,26,38, 52, )
We are now in (
o separato Cases, Fisty when 1 2k, & ~ 1,2, ., he tota sum of al te possivitios
St on
i) =
! 2
Secondly, in the case when 1 = 2k 11, k = 0,1,2,..., where k is positive integer

4+ 002~ 25 415

7

oy = L2

So far we have determined the embeddings of Z x
gebras within ¢-Schrodinger algebra. When 4

- graded colour superal-

G=6¢, B
KE=(-0PK,  Pe= PP

We construct the Z, x Z- graded algebra by the idea same as [1,2], that s, by.

transforming bosonic operators into fermionic ones. The assignment of Zy x Z

degree s given by

00 DN B F
Wo: P B
01 K, P
G
The 2, x 2, degree of &, T, 7, and G forces us o introduce new elements:
(PP} =N, (PR)-E (K.R}-F
(GRY=B. (PG =i

« finte-dimensional ¢-conformal Galili algebras

« 2, x Zygraded colour embeddings of q-conformal Galilei algebras in the
imit

. Zyx 2,

of the Lévy-Le

. theory of
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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 g- deformations corresponding to
a semisimple Lie algebra gl(n) and non-semisimple Schrédinger 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.
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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.

MoODEL 1: FEMALE-ONLY PROB OPA A 0] A A O MODEL 2: TWO-SEX
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What if menopause arose from older females choosing to stop reproducing?
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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 old-
age 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.
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Sachdev-Ye-Kitaev Model and Time-Average Procedure

Ming Chen,Yao-Zhong Zhang

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.

The Sachdev-Ye-Kitaev (SYK) model describes an 1-
dimensional (1D) spin-liquid system [1][2][3], its hamil-
tonian in the model’s physical 1D Euclidean space reads
[1][3](6].
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The model’s replica-free effective action can be achieved
after integrating out the MFs [1](3][9]. Then the Dyson
equations can be caleulated through the saddle points of
the effective action in the infrared (IR) limit [8](3],
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e G is the bilocal field dLuuling MF 2-point Green
functions (G(r,7') = LM (Mx.(7) and £ is the
auxiliary bilocal field denoting (h(»‘ fermion self-energy
(Z(r, 7)) = PG (7, 7).

The frequency will tend to zero in such IR limit, so that
the “ies” term can be ignored. Then the Dyson cquations
display an emergent time-reparameterization symmetry as
7+ f(r), which shows a conformal property of SYK's solu-
tion because it preserves diffeomorphisms and Weyl invari-
ance under certain conformal maps, like 7 = f(r) ~ (),
For such a conformal symmetry, we can use SL(2. ) gr
to fit the conformal transformations [10]

Based on the above arguments, it is reasonable to form
a power law decay of 7 at long time in the IR limit [6]:
G(r, ™) ~ Jg with T = |7 = 7’|. We then assume the
squared Green fanctions as follows,
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with the underlying identity: 1 =
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This resembles the time-average procedure for a statis-
tical system vuherem the macrostates can be bridged with
L[, gltydt, where g is certain macro-
e opu quantity sl a(t, ) the microstates. The system’s

can be d by i out the time

GHr7') T =

microstates by

. infinity.
Similarly, we now take the following equation as a sys-
tem’s equilibrium in the form of time-averaging,

(. ) = Jim —ﬁ Gr ydrdr. (5)

From the definition in Eq.(4), T and (r;
rectangle with fied area. Such a property
served through T-transformations on (7377), that is, we
can always translate (r;7*) ll it lies within a finite region

Under such a 7-transformation, the limit 7' — oo can be
absorbed into region [—3, %]‘ Together with the reciprocal
of T which is the S-transformations [11], the integration
over (7:7') will be invariant under the modular transfor-
‘mations which take the form of SL(2, B) symmetry group
[12]). As a result, the integration over (7:7') is actually the
integration over the fundamental domain of SL(2,R),
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By now, Eq.(5) can be simplified,
(@) = = G2 (7,7")drdr". W)
{SL(2,R)}

To be noted, the “bi-time” in G2(7,7') are actually on
equal footing, thus the Euclidean space is a natural choice.
Meanwhile, the Euclidean G2(7,7') is holomorphic in times
(G(r, ™) ~x(7)x(7')). Therefore, the time-averaging for-
mula takes the similar form with the action in the SYK
model,
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To relate this formula closer with the SYK model, a cou-
pling coefficient (with dimension [7] = 1) can be equipped
by replacing the prefactor %, which indicates the interac-
tions among those y symbols,

X (T () (7))drdr’. (8)
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If we take the system’s macrostates in equilibrium as
potential (interactions) with kinetic ignored, then Eq.(9)
is the general expression of system’s action. And the cou-
pling coefficient can be further equipped through certain
probability distribution with suitable mean and variance,
we can specify Eq.(9) as.
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where 7 takes the zero mean and variance % = T, ~
J2 with dimension [J] = 1.
Spectacularly, x symbols acquire an anomalous dimen-

sion 1, which is exactly the same as the MFs in the SYK

i

model [5]

After J-distribution average, the action leads to anoth-
er square of quadruple x symbols with the help of replica
method. Then the effective action of this formula can be
arrived at through successive Hubbard-Stratonovich trans-
formations [6] or an auxiliary d-identity [3].

Thus, the SYK model can be seen as special cases of
time-average procedure. Specially, through the interpre-
tation of the SYK model in this procedure, the effective
theory of the SYK model can naturally preserves the con-
formal symmetry. Furthermore, there is no reason to ex-
clude other form of G(r, '), as long as it is holomorphic
in its parameters. Therefore, it leaves an ample region for
more choices, e.g., the general formula of the SYK model
with arbitrary even number of MFs [4]
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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.
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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
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yannik.rist@uqconnect.edu.au

The Dial-A-Ride Problem (DARP)

« Similar to the Travelling Salesman Problem (must visit all
locations, no subtours, minimise travel cost).

« Multiple capacitated vehicles (capacity constraints).

« Pickup and Delivery location pairs, must visit each pickup
before its delivery (pairing and precedence constraints).

« Time constraints: time windows at locations and ride
times between pickup and delivery.

« Well studied; existing work with both Combinatorial

Benders Decomposition and Branch-and-Price approaches.

The latter is considered state-of-the-art.

Dantzig-Wolfe Decomposition/Branch-and-Price

« Formulation with strong, “composite” decision variables
which contain most of the constraints.

« Provides strong lower bounds on objective which
accelerates the Branch-and-Bound algorithm.

« Direct enumeration of variables is intractible; generate
variables as-needed to prove optimality.

« DARP: Variables for each possible DARP route.

Combinatorial Benders Decomposition

* Replace weak constraints in a problem with a large pool of
stronger constraints.

« Direct inclusion of all constraints is intractible; relax problem
and add constraints (Benders Cuts) as-needed to ensure
feasibility.

« If the underlying model has weak lower bounds, Combinatorial

Benders Decomposition will not improve them by much.
« DARP: Benders Cuts for capacity, precedence and pairing.

Comparing Objective Bounds
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Explicit constraints: Cover, Flow, Timing
Implicit constraints: Precedence, Pairing, Capacity

Flow model (Basis of Traditional Benders Decomposition Models)
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Explicit Constraints: Cover, Flow, Timing, Precedence, Pairing, Capacity

Hybrid Approach for the DARP
(Restricted Fragment Network)

» Group pickups and deliveries together into
restricted fragments. Use variables indexed by
restricted fragments.

« Like Branch-and-Price, these contain some of the
constraints (see above).

« Smaller objects than routes; less numerous and can
enumerate them directly.

« Handle remaining timing constraints with
Combinatorial Benders Decomposition.

« Stronger lower bounds than traditional Benders
models.

» Speedup of 1-2 orders of magnitude compared to
state-of-the-art Branch-and-Price.

Time windows: bounds on arrival times. '

3 Physical network: nodes are locations, edges are

labelled with travel times/costs.
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White points: Initial lower bound using
Branch-and-Price with valid inequalities.

Restricted Fragment Network: nodes consist of a location and the load currently
onboard the vehicle. Solid edges are fragments, dashed edges link depots and
fragments together.



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

epropose 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
eachieve the best constant assumption on L;
<& A celebrated theory: the Landau-de Gennes (LdG) theory. by rotations (equivlent to Ericksen’s condition);
<& 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.

ederive a special type (uniaxial) of the Euler-
Lagrange equation for E(Q; Q2);

eprove the existence of minimizers Qr and
show its convergence to a minimizer Q of
E(Q;Q);
fo) fe) eprove the limit of weak solutions Q, to solves
. EL(E) (under suitable assumptions).

Discussion
o o o o
I LR VL SmX166 cSmV“B CK The new form E(Q; 2) opens up opportunities
) -0.7 -10.6 -25.3 to study coupled Q-tensor flow problems. In the
Fig. 2 Fig. 3 existing literature:
< For uniaxial nematics, to agree with the verified Oseen-Frank model, Dickmann (1995) ?\Iajumdar.and Zarnescu [4] initiated mathemat-
derived a (4-parameter) LdG energy density that is widely accepted and studied (c.f. [1]): ical analysis on the so call one-constant approx-

imation by considering Ly = L = Ly = 0.

L L2 0Qij 8Qir | L3 0Qix 9Qi; 9Qi; 9Qi;
fe(Q,VQ) :71 IVQI* + ?2 Bm'] 92 23 92, 02 ? + Qlk 92 a o2, 2, (1) || Paicu and Zarnescu (2011) first studied the cou-
(elastic density part) k 2 k t k pled Navier-Stokes and Q-tensor system.
- — tr(Q"‘) - = tr(Qs) aF = [tr(Q2 ] (2) Over years of development, researchers (c.f. [1])

8(Q)
(bulk density purt) improve assumptions to Ly = 0, or |Q|¢=0
is sufficiently small. The general case where

L4 # 0 remains open.

(summing over repeated indices)

The unknown Q € Sp := {Q € M3*3 : QT = Q, tr Q = 0}. The L; are the material constants.
[A coercivity problem:| For © € R and @ € W"?(; Sp), Ball and Majumdar (2010)
proved that

In the recent work with Hong and Mei, we (3]
proved maximal time smooth convergence:

Brac = [ (12(Q.9Q) +£5(@) do

Ginzburg-Landau — Ericksen-Leslie’s.

does not satisfy a coercivity condition for L4 7# 0. This means that . . .
Based on the techniques in [3] and observation

existence of minimizers for Epag cannot be guaranteed in W2(£2; Sp). in [1] and [2], what can we say about

- the coupled relaxed Q-tensor flow —
A new representation the coupled uniaxial Q-tensor flow?

< For uniaxial nematic liquid crystals, we [2] discover that (a,b and c are material constants) What about the numerical simulations for the

9Q;; 9Q; pol ol 2s b+ v/b? + 24ac
BQ” Qi _ f(Qﬂ Q”)(Q - Q") = +|VQ|2 sy = VT TEAE
z; Oxp 4c

coupled relaxed Q-tensor flow?

Que
<& Then for Q € S, := {Q €S :Q=5;(u@u— %I),u E 52}4 we propose the following

o N L s+L4 2, L20Q:5 9Qix
E(Q,Q)—l/n.fE,l(QvVQ)dm_./n(2 =)ver + 2 oz; Oz

/ L 3Qu aQi] 3Ly 9Qi50Qi5
Q

7anan

3
2 Oz; Oz Ox; Oz @)

Note that fg.; is equivalent to f(Q, VQ) and inclusive of Longa’s extensive representation.
<& An answer to the coercivity problem is Ly > 0, Ly > 0, Ly — |L3| — 25%L‘; > 0.

Relaxed Q-tensor and its limit References
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<& The Euler-Lagrange (EL) equation for our new energy functional is restricted that Q € S,. and Liquid Crystals, 647(1):1-27, 2
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& For a given uniaxial boundary, we prove that there exist minimizers Q, € W12(; Sp) converge
strongly, as L — 0, to a minimizer Q € S, for E(Q; ) that is partially regular. i £ e . e Lot Y8 Py e
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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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