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ARC FEEDBACK ON ANNUAL REPORT

We are excited to read that the Centre has
identified many objectives, from hiring policies
to carer support, fellowships, and training to
ensure the best working environment for all
members.

lllustration by Sandbox Studio, Chicago



INCLUSION AND DIVERSITY

GENDER

‘ - SBS inclusion program: two courses
(Core inclusion and Gender) for all

D q centre members
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Ben McAllister, UWA Rising Stars 2021 competition
Navneet Krishnan John Carver Physics Prize

Theo Motta, Alexander von Humbolt Fellowship.
Anna Mullin, Gates Scholarship

Mike Tobar IEEE Ultrasonics, Ferroelectrics, and Frequency
Control Society Distinguished Lecturer for 2021/2022

Catriona Thompson EFTF-IFCS 2021 Best Student Paper Award
Maximillian Amerl Silver Bragg Medal



COLLABORATIONS |

Artist in residence partnership from 2022 and
HIlIAd DM exhibition in 2023 (with CERN if Covid
allows)

Melbourne Graduate School of Education: Jan van Driel, Victoria
Millar and Maurizio Toscano, they funded 2 PhD scholarships to
research STEM uptake in schools in partnership with our
outreach program



COLLABORATIONS

Swinburne Design
Factory: Christine Thong
at the “fuzzy front end”
of translation

.

|

Classical Product Development Process
with Fuzzy Front End

Fuzzy Front End (Most Important,
Problem Definition & Invention)

V

*New Business Concepts
*Major Product Opportunities

Project

Concept & Development Execution | Production
Feasibility
Stage Stage Stage Stage Stage
Concept Project Development Execution Production
— 1 Feasibility Review Review Review
Gate 1 Review Gate 3 Gate 4 Gate S

Gate 2




ECR REPORT ]

FUTURE PLANS

Ideas suggested by ECRs:

- Media training

- Writing workshop Good SuggeStIOnS
- Science communication
esume writing but base off a few
Networking with international partners res Ponses

(esp. for people on or soon to be on the job market)

- Professional skills
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THE CHALLENGE

y possibilities: multifaceted experimental aj or (P ELLAIEIL,




DARK MATTER SEARCHES]

NUCLEAR QUANTUM
METROLOGY METROLOGY

THEORY EXPERIMENTS

Design/ Metrology/

Engineering Chemistry
Analysis/ Construction
Big Data & Operations

IMPACT, LOOKING AT DATA PARTICLE DETECTORS WAVE DETECTORS
INTERPRETATION

12



WHAT NEXT?

lllustration by Sandbox Studio, Chicago
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ADMX Experiment, Sg;;gS’
USA
Gran Sasso
National
Sanford Underground Laboratory,
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Physical Review D 103.10 (2021): 102005.

314 kg x yr exposure with no evidence of DAMA/
LIBRA modulation at =~ 30 significance
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Physical review letters 123.3 (2019): 031302.
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PARTICLE PHYSICS

Naive Sm Combination (depends on QF)

Global

DAMA/LIBRA

ANAIS

COSINE
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X
ITY OF
R

SABRE South @ SUPL R @3

ToF Muon System
9.6 m2x5cm EJ200
R13089 PMT x 16 @ 3.2 GS/s

« Veto System
12k litres Linear Alkyl Benzene + PPO & Bis-MSB
Stainless steel, non-thoriated welds, lumirror coating
Oil-proof base R5912 PMT x 18 @ 500 MS/s

« DM Target Detector
Nal(Tl) Crystals
R11065 low radioactivity PMT x ~14 @ 500 MS/s

« Key requirement to understand modulation in background
contributions - requires particle ID. e.g. p/y/n.

SABRE
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To compare the exclusion/discovery power of currently operating Nal detectors, want to test
how well they can observe the DAMA modulation with their setup, accounting for present live

time (NB: typical benchmark values are 3¢ for exclusion and 5o for discovery)

SABRE Projected performance
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Where we are now

WIMPS

Cross Section [cm?]
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The future (high mass)

Current generation

PandaX-4t, LZ, XENON-nT ~5t Xe
commissioning/data taking

Future

DarkSide-20k 46t Ar (2025)

DARWIN ~40t Xe
ARGO ~300t Ar
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The future (low mass)

Significant progress expected in the next ~5 years

Cryogenic bolometers (phonons)
CRESST-III, COSINUS (+ scintillation)
EDELWEISS, SuperCDMS (+ ionisation)

lonisation detectors
SENSE!, DAMIC-M (skipper CCD)
NEWS-G (SPC)

Cross Se&ion [cm?]

Ar/Xe TPCs
Migdal effect
Dedicated DarkSide-LM
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The next frontier: mpy, < 100 MeV

Many ideas/proposals in this space...

superconductors

atomic ionization
Dirac materials (w/ electrons)

scintillators

meV eV 2D targets keV
: = = » Edcposit
superfluid helium color centers (w/ nuclei)

Polar crystals

figure: Y. Hochberg

(see Wednesday’s session)

1025 TESSERACT Snowmass Lol
e.g. TESSERACT (HeRALD/SPICE) Nuclear Recoil
(light mediator) existing
; 0.30 exclusions
R&D, targeting experiment in ~2027
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PHYSICAL REVIEW LETTERS 124, 251802 (2020)

Predictions for axion couplings from ALP cogenesis

Axion Kinetic Misalignment Mechanism

Raymond T. Co®,' Lawrence J. Hall®,>* and Keisuke Harigayao‘ Raymond T. Co,* Lawrence J. Hall’® and Keisuke Harigaya?
Leinweber Center for Theoretical Physics, University of Michigan, Ann Arbor, Michigan 48109, USA « Leinweber Center for Theoretical Physics, Department of Physics, University of Micl
"Department of Physics, University of California, Berkeley, California 94720, USA Ann Arbor, MI 48109, U.5.A ase a
Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA D, g Physi - Californi
“School of Natral Sciences, Institute for Advanced Study, Princeton, New Jersey 08540, USA epartment of Physics, University of California,
Berkeley, CA 94720, U.S.A.
|®| (Received 22 November 2019; revised manuscript received 6 April 2020; accepted 8 June 2020; published 26 June 2020) <Theoretical Physics Group, Laurence Berkeley National Laboratory,
In the i isali ism, the axion field has a constant initial field value in the early dB erkeley; California 94720, U154 . —-12
Universe and later begins to oscillate. We present an alternative scenario where the axion field has a School of Natural Sciences, Institute for Advanced Study, . Targ et|ng 15.3-16.5 GHz at ~ 3 X 1 0
i : N . " . Princeton, NJ 08540, U.S.A. . - a

nonzero initial velocity, allowing an axion decay constant much below the conventional prediction from 44

axion dark matter. This axion velocity can be generated from explicit breaking of the axion shift symmetry E-mail: rtcoGumich.edu, 1jhall@lbl.gov, keisukeharigaya@ias.edu ( - i )

in the carly Universe, which may occur as this symmetry is approximate. ’ ALP co geneS|S

» Scan rate - How fast we can exclude axions
at a given mass and coupling

L « Scan rate o @~ 43
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* Small cavities = Small machining tolerances
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Preliminary Limits
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Voted by panel:
Madeleine Zurowski

Influence of Nal background and mass on model independent
tests of DAMA's modulation

Influence of Nal background and mass on model independent tests of DAMA's modulation

MELBOURNE

modulation. As sudh, they are ofien alled a ‘model independent test
it on the expenmentsl ¢ cicilas

a modelinde
find thatin g

Analysis procedure.

Acount for the fat that shhough we asc compaing 3 modlating atc 10 constant
badground, in some ascs statistial unersintis in constant ates an mask or magaify
he signanure modulation

Event ates at 1 detector axe simulated by mndomly ssmpling fom a Poissonian centied on
eos = My AT AE(Ry + Ro + Ry, cost) (for sigaal + bakground modl)

A eai=412/ 3

Mg AT AEQR) (for baground only model

exposuse mass (kg)

constant signal e (cpd /kg/keV
odulatingsignal ate (@d/kg/keV)

Expeimental fetime is simulated 1005 of times and it 10 2 eosine (Fig: 1 to find the
probability fundion for modulation obscrvation for cach ase (Fig, 2). Maan (1) interpreted
a5 observed modulation and stundard deviation (6) its uncertainty. These are used to.
constauct the test statistics used for analysis.

Iest statistics.
Exdusion ng C.L- how well a signal can be identified assuming signal + background
hypothesic. Depends on signal + badkground uncertainty.

Iu,. =

Dismvery n0 CL: how well ;qgnxl an be dentied assuming badeground
Depends on background uncertan

For instead e valies Roand Ry, we take the valics observed by DAMA. This allows us to cilulate the reqired time.
eadh detector takes 1o exdude (or diseover) this signal with some nfidence withoutassumingany pastide intemction model. (Though as DAMA have not published their constant mte
e ssome e st ulo modkl dtbution o duk matic o dedive ki for Ry = 002/ R

The results for cuch detector are shown in Figs. 3 and 4, with the ble below tions, ind expectedtime fume exdusion and discovery levels

CEmCOEar

g
CEO(TD 57 — anais
Ry (cpd/kg/keV) 27 036 4 ‘COSINE
>

o law

These results highlight the difference between the two test statisties —
whether they depend on uncertinty of the background o
badground modulation. Expesments with a lower hmm\md e (ke 1
SABRE) naurally have a lower unecctainty (s this sales with Ny ),
leading to the noticably lasger discovery level

)
3 s Run tme (years)
R ime (years) eers)

Conclusions.

SABRE) has pecformed the best of the three niew expesiments, despite having the lowest exposure mass. This
makes dear how importanta low Inckgmnnd i xml}\lsanlns i onder 10 observe the small modulationin an alzeady low interaction ate, funther motivating the purifti
techniqucs presently explored by these llabortions.

Bascd on this analyss, should the projected cxposure mass and badkgrounds be achicved, and data taking mmence in the next 18 months, SABRE will be positioned to provide
exdusion or discovery of the DAMA signal within 3-4 years.

ind even more so in the cvent of & positive DM like signal, it will be benefidal to compare the resuls from the Nogther and Southem hemispherss, to further chuddate
ducs 25 to nature of the modulating DAMA signal - DM or not,
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2021 CDM Poster Awards

Voted by CDM members:
Graeme Flower

Choosing Dissipative Models for Josephson Junction based Single

Photon Counters

Graeme Flower
Supervisors: Michael Tobar, Maxim Goryachev, Ben McAllister
Collaboration with Thomas Stace (UQ)

Motivation:

Beating s seandard uanim nit i esential o searcting for QCD axion
i e abive SV i resora ke ATIET Of e, A proisiug way 10
s it 2 curent biser Joseplison junction (111 s sngle potoe
coues (STC) i wers i Il of
e s, whiere a Ul past ol pleomsensogieal aodels Liase U wel
Ll ysten B sypaly el st REY ot An corteet quantion
made’ e b e 12 zepracdnoe he classical beavions af fhe ixonit eneering
a volrage state whea the syscem's plase pacticle tuaucts o af the wll. This

s ot o Le moutsivial, aus worle s to b o 0 useerzaba the best
madel and the cxsont o which i fs vald.

Aims:
“The fnal aim is to find an appropriate complete quantum model of the
current biased Josephson junction as a photon connter. The aim for worl

chown here is to test some quantum models on an RC circut to zee if t
an repraduce classical correspondence of the voltage state for the device.

Theory for the JJ based SPC

The current biased 1 has a

Voltage State

can auickly escape. i nov
roling down the il
producing > measureable DC
voltage thatsgnals a photon
artl,

Son® — Ejcos(0) + Eyd + Egdla+ a') + hweala

Choosing Dissipative Models for Josephson B EQUS
Junction based Single Photon Counters

Why are Lindblad master eq ally standard

.o

e complecel positive and gustsateod o produce osiive
o i et

r -

+ Quenenm esnjeceory theory for el quani ezt is in
Tiucbiad foru.

Bui

= Tl ure obtsine Ly msking a rotafing e approsimarion of e Tloc
Redeld equstins sl aze therecone L goner.

e o lave  crusdationalle

ulation Results

Lindblad Master equation BlochRedfeld master equation

Osshed ines represent |~
dlassical expectation -

oy = p
Test Model for the Voltage State N
‘Generalsed posion . -
| ., proportional to /R )
bt 1, p -0
" N T e U et
Gesny
T STy e e e il "
A eurren biased RC lronic s ann e system o compare tsipation o, -

T seate searts oot 7 n Ganssan distrintion sirh memenrms cqual o the

st staro morcrtn prodiere by e L o the st (velocioy i
propurtion. o veltage). The systen: Saonld remnie oL e sty st
Imemmentim '] 1 reactes che barcom of the sl (an arcifeial onding)

Master equations for different dissipative models

Bloch Redekd squations

_ i Yo bt @
p= ﬁ(Hw]Jr;mh(‘l’ﬂp PO, @

Lirdblad equation: . Sum over transtions

s _L i
b= —ltgl +2§ MD[Z LN

o T Sum over degenerate
S OVer GegENerdte  gniigns i sach subspace

subspaces

But are the Bloch-Redfield results
physical? No. States have signlficant
negative elgenvalues manffesting In
the standard observable bases as a
violation of the uncertainty prnciple
‘whichis arger for more dissipation.

et I sultable for large
disspations therefore, as we_trade
+ Kinematics for  unphysical
states.  Small  disipations(lrge
resstances) have more physlcalstates
ay.produce usable

Bloch-Redficld caquations for the real

utlook and future work
st phyics
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OUTLOOK ' T

Thank you for all your effort this year

Looking forward to the next years of
exciting research in an inclusive,

collaborative and safe environment
(s}

lllustration by Sandbox Studio, Chicago



OUTLOOK ' *

We are taking part in a scientific
revolution that will transform how
human beings see the universe.

lllustration by Sandbox Studio, Chicago
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