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TWO LOCATIONS

A leader in nuclear science Operating safely
and technology for over 70 years

Over 1450 Managing over $1.5 billion
skilled employees —-— in scientific infrastructure
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International

Operational since007 User Facility

220{ UFFF 2y GKS [t e
5000Hours of Stored Beam P.A.

New Solar Plant

14 Operational Beamlines; Nanoprobe

4 Beamlines Under Construction Satellite Building

1000Experiments P.A
10,000Registered Users

600Journal Publications P.A.
300Protein Data Bank Structures P.A.
150Graduate Theses20 PatentsP.A.
~$40M Facility Refurbishment Projects
$105MBRIGHT Beamline Program

3 GeV Electron
Accelerator

14 Operational
Beamlines
+ 4 to come

Operate 50 Room
Guesthouse




The Australian Synchrotron is a User Facility

A Beam available 24 hours, 5-6 days per week

= A Experiments run from a few hours to up to 6 days

Al N384 3afsqeyd’ I fy kvy T iii

Al N38&8 & dakeszay-" layakzf & i
T -‘ il IW"'"" A Onsite training & support from beamline staff
‘I :l, ‘ : ”‘h ; A 24 hr support from Controls Operators
W u“mj |l A Interactive data capture & storage, analysis & processing
A On-site 50 room Guest House

A Free Coffee !l




Our Team @ The Australian Synchrotron

220 Staff

60 Scientists
55 Engineers
55 Controls & Computing
20 Accelerators Ops
30HR, WHS, Finance,
User Office, PMO, Quality, IT




The Australian Synchrotron
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New Solar Plant January 2024 Light from the sun generates electricity,

3,200 new solar panels that is used to generatsynchrotron light
Generate ovetwo million kWh / year that is used to develop new solar cell technologies,
andreduce our carbon footprint by over UKlrag OFy 06S dzaSR 02

1,680 tonnes of C{J year.



The Australian Synchrotron b Accelerator Systems

3'd Generation Storage Ring
Energy3 Ge\/ Current:200 mA
Storage Ring Circumferenc&tt m
No. of Sectorsi4
Electron Beam Sizex ¢ 90 um, y ¢ 60um
(Horizontal) Emittancet0,350pm.rad
Vacuum Pressuré:0'* mbar
Magnetic fieldsup to 4.5 T
IDs: Wigglers: 3 Undulators 7




Australian Synchrotron Beamlines

10 Original Beamlines e 4 New BRIGHT Beamlines

Imaging and Medical Beamline oS Biological Small AnglerXy Scattering

WSS, BioSAXS

Macromolecular Crystallography

.\ Micro-Computed Tomography

T RLde

Micro-focused Crystallography

é Medium Energy XAS 1 & 2
Infrared Microscopy

Powder Diffraction — -' . |
SAXS / WAXS | /PN 4 4 BRIGHT Beamlines
ADS1 ( N 4 |

(Under Construction)

/
Soft Xray Spectroscopy / ARPES T . s "F“\ ‘ _
N\ High Performance MX

Terahertz / FafR Spectroscopy ———

NANOPROBE

X-ray Absorption Spectroscopy

X-ray Fluoresence Nanoprobe

S WU advanced Diffraction and Scattering 1 &

X-ray Fluorescence Microscopy — _g*. ..



The BRIGHT Beamline Program

Operational Beamlines
"/’4"(*\\“ "~ g

MEX1

Bending Magnet (3.8.3.6keV)
XANES, EXAFS, Microprobe
Operational: Nov. 2022

Micro-CT

Bending Magnet (810 keV)
Phasecontrast & HiSpeed CT
Operational: Sept. 2022

Beamlines Under Construction

|

L
MX3 (Hot Commissioning) ADS1
In vacuum Undulator (145 keV) Supercon Wiggler (56150keV)

Goniometer, Tray screening; SeriaDiffraction, Imaging
Commissioning: Sept. 2024 Commissioning: Early 2025

-t . = - I § 4

MEX2

Bending Magnet (1.8.5keV)
XANES, EXAFS
Operational: April 2023

i

ADS2

Supercon Wiggler (45, 74, 8KeV)
Diffraction, PDF, CX
Commissioning: Early 2026

BioSAXS

Supercon Undulator (8-15 keV)
CoFIoOWSECSAXSRheoSAXS
Operational: Oct. 2023

NANO(100m; 60 nm)
CryoUndulator (5-18 keV)
XRFPtychg mSAXSnXRD
Commissioning: Early 2026



Collaboration Via National Research Partnerships

QQQ Grain Research Development Corporation

GRDC Synchrotron Program
GETCO Reducing Impacts of G&missions
HO Fragment Screening for Drug Discovery ey
O _A.A.,:g

X-ray PhaseContrast Tomography to
Transform Cancer Diagnosis

— Development of Pharmaceutical Formulations
MANUFACTURING
INNOVATION

CENTRE




International Partnerships & Networks

The Australian Synchrotron currently has
two key international partners:

Singapor7/ %

eeneele ':!:' BSnsis National / Asia Oceania Forum for Synchrotron Radiation Research
_.h;,'l‘.. Synchrotron___ AusFralfa | China | India |japan‘ Singapore South Korga | Taiv?re_m _
tp— Programme \\ Thailand | New Zealand | Malaysia | Vietnam| Indonesia | Philippines
SYNCHROTRON GROUP
. l'b{¢h O22NRAYLl U0S:
=ihce e Y of synchrotron research active
the Australian Synchrotron Preferred Access Program on countries
and is a major funder of the our original suite of 10 '

BRIGHT Program. beamlines.




Synchrotron Research

Structural Biology & Health. ., : ‘ Food science

Cultural heritage

590 peerReviewed Publications in 2023




The Imaging and Medical Beamline (IMBL)

AT Superconducting Wiggler
Photon EnergyJp to 300keV
Pink and Mono beams

Double Lau&Monochromator
Beam Dimension£00 mm x 20 mm
Beam ExpandeB0 mm x 80 mm

Heavy(100 kg)& Large(> 1m)objects
Resolution10-20 mm
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Phase Contrast Imaging & Gihd MicrobeamRadiotherapy

A Biomedical & In vivo studies
A Industrial, Engineering & Agriculture studies

A Earth Sciences Ralaeontology




Conventional (Adsorption) X - ray Imaging




Helping Pre - Term Infants Breathe Easier

A 23% of babies in Australia (~71,000 P.A))
need assistance at birth.

A Many experience neurodevelopmental,
respiratory and cardiovascular complications
due to a failure to adequately transition to
natural breathing.

A Research on understanding the critical
processes regulating the cardiorespiratory
transition at birth and how best to assist in
delivering improved outcomes.

Finding better ways to deliver air to pterm
Infants in the first vital minutes of life.




Fighting Cardiorespiratory Diseases in Pre - Term Infants

Testing specific inflammatory signalling
molecules is critical to understanding
and treatmentof diseases such as
Paediatric Bronchopulmonary Dysplasia

andPulmonary Hypertension

Mouse lung in model of PBD.
Feature resolution in the bloedas
exchange interface below 50um.

Christine B. Bui, et al.,
Frontiers in ImmunologyL0, 1480 (2019).

A/P;of Marce_INoId zf;md IdD.r CllaudleNoIdr,] Jason C. Lao, et al.,
(Hudson Institute of Medical Research) Science Translational Medicirig}, 639 (2022).



Science Highlights - Imaging and Computed Tomography

Breast Cancer Research on IMBL

Standard breast mammography imaging does not
serve high risk women with high density tissue

High level of false positives lead to unnecessary
surgical interventions

Phasecontrast CT reveals
tumours at lower dose than
conventional radiography

British Journal of Radiograp86, 20221189 (2023)

MonashHealth




Science Highlights - Imaging and Computed Tomography

Breast Cancer Research on IMBL

Standard breast mammography imaging does not
serve high risk women with high density tissue

High level of false positives lead to unnecessary
surgical interventions

Phasecontrast CT reveals
tumours at lower dose than
conventional radiography

British Journal of Radiograp86, 20221189 (2023)

MonashHealth

Human Imaging in 2025
Participants in the
BreastCT Research Program

Major upgrades to:
Safety Systems, Controls Systems,
Data Acquisition & Storage
Analysis & Reconstruction



Forensic Analysis of  Fingermarks
(IRM and XFM)

Fingermarkgontain important trace
iInformation for forensic analysis.

Understanding the chemical contributions
from organic and inorganic components
provide new detection capabilities

A multimodal study using-ray Fluorescence
Microscopyand Infrared Microspectroscopy
gives colocalization of endogenous metals within
the hydrophilic organic components.

Rhiannon E. Boselest al,
Analytical Chemistr\81, 10622 (2019).
Analyst 147, 387 (2022).




Selenium Bioaccumulation on the Micron Scale

(XFM)

Exposed tadpoles to Se for 7 days followed by 3 days depuration

Observed bioaccumulation in the liver, iris, eye lens, brain, retained throug
metamorphosis

Lanctot et al., Environ. Sci. Technéb, 11848 (2021)



Mine Tallings: From Waste to Resource

Acid leached

Researchers have demonstrated the ability -] FElE
to recover critical metals (Ni, Co) from mine - [EESESSE.
waste in a Cgsequestering process o

TheXFMandXASeamlines were used to investigate © - L
how critical metal chemistry changes during acid -
leaching, to optimise opportunities for metal recovery .| [SSs

" Ni concentration doubles -
S indweeks s

Valuable trace metals were previously inaccessible (XFM)
After leaching, they could be recovered by conventional methods

o W24 Grantham Foundation
for tk ment

. . . W MONASH or the Protection of the Environm:
Frontiers in Climate, 913632 (2022) ‘@ University
Chemical Geology, 617, 121270 (2023) |
Geochemical Trans., 24, 1 (2023) oraeean AAANSTO  EFWALT




Ned Kelly: 'Nobody knows anything
about my case but myself’
Sidney Nolan, 1945

Portrait of a Woman The North Wind
Edgar Degas, ~1876 FrederickMcCubbin 1888 (?)
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XFM b Ptychography Imaging on the Nanoscale

x Scanning Xay Diffraction Microscopg, providing high spatial resolution and high sensitivity
x  Automated algorithms to reconstruct image

3 ' 8

10mm
X-ray fluorescence map: Ptychographic phase reconstruction of an
, green- tantalum, integrated circuit at

blue ¢ copper ~50 nm resolution
Features resolved significantly better

than theprobe size of ~1 um



Life Saving Pharmaceutical Break Throughs

VenetoclaxVenclextaV) is now being used ttreat
Chronic Lymphocytic Leukaermahe USA, Europe and Australie

There have been very few effective treatment for this Leukaem
for the past 50 years.

Venetoclaxolocks theB-cell lymphoma2 (Bci2) protein
leading to programmed cell death of CLL cells.

Global sales in 2023: US$2.3 billion

Al Ty - Qbbvie | Genentech
> 500 Clinical Trials for Venetoclax worldwide

Walter+
Cell Death & Differentiatio81, 711 (2024) &7 ElizaHall

Institute of Medical Research



At least 20% of people who become infected with
SARSCoV2 never feel sick.

I NQK-Q8

Researchers have identified a genetic mutation that is linked /
to a higher likelihood of avoiding symptoms during infection. - |

B NQK-A8

LY
This mutation may give an advantage to the immune cells of )
521 8§ K2 KI @S LINBGA2date o &
coronaviruses, that cause the common cold. | S

That extra boost means the immune system can quickly track Human leukocyte antigen B (HEB)

down and destroy SARS\£2 infections. interacts with SARE0\/2 and with
cold viruses in a similar manner.

DanilloG. Augusto, et alllature 620, 128 (2023) MX2




Plastic Recycling Technologies = Australian

~—= National
=7 University

Delivering climate repair

O samsara eco
through infinite recycling

Samsara Ecoses enzymes that attack complex
polymers, (PET & Polyesters) reverting them back to
their original monomer building blocks.

By reverting complex polymers back into simple Samsara Ecmakes use of thé/X1andMX2
monomers, they can make new, virggrnade plastics beamlines to characterize & engineer
without needing fossil fuels again. PETas@olymerbreaking enzymes

Yvonne Johcgt al. Biochemistry62, 437 (2022)
Yvonne Johcagt al. ChemBioCher25, e2024000842024)




How Treat Malaria with Milk

LYadagSIcIR 2F LdzidAy3a |y Fyaar O Ff RN
Put it in a simplified formulation made from milk derivatives

- Cheap & readily available

- Known to be human compatible

- Already have FDA approval —

Prof. Ben Boyd (Monash) and colleagues from ANSTO have developed
an effectivesingledoseanti-malarial treatment

BILLe MELINDA : .
ﬁ GATES foundation M MV . ‘ ) : Eureka Prize 2020

Medicines for Malaria Venture

Ben J. Boyd, et allpurnal of Controlled Releag92 13 (2018)
Syaza.Binte Abu Bakar, et al.International Journal of Pharmaceuti&b4, 179 (2019)
Malinda Salimet al.,Molecular Pham17, 885 (2020)20, 2256 (2023)




Polymer - Based Organic Photovoltaics & Electronics

Soft Xray Spectroscopy & Medium Energy XAS 2 beamlines (NEX@& B&terminemolecular orientation
and theSAXS/WAXS beamline (GIWAX&Gs$tudypolymer crystallinity
in semiconducting polymer devices.

H\> (v

. . 3 o Design Principles dbiketopyrrolopyrrole
~ 40 journal artlc_:les PA i \(J U/’s ThienopyrrolodioneAcceptor Acceptor2
on photovoltaics & I~ C
. LT R opolymers
conductingpolymers s Lo ek S
R — (SAXS/WAXS, MEX2, SXR)

Nature Communications, y .
Applied Materials Interfaces, acoon™C T end-on” s

Advanced Materials, ’ i
Advanced Energy Materials,
Energy & Environmental Science, Andreastrhardf et al.,

Nano Energy ~— o Advanced Functional Materials
| KSYA3UGNER 2F al N edge- ] 34, 23146962024)

la on” 3

“end-on”




Energy Materials Research at the Australian Synchrotron

Clean energy and renewables studies account for ~25%
of research outcomes from the facility.

Mar345 2D
detector
- \\
» //' ‘,/"‘ - N : )
|/ / : > )

N-graphene ‘

T8 oo

~ 40 journal articles P.A. on battery research ~ 60 journal articles P.A. on catalysis research
PD, MEX1, SXR, XAS, IRM PD, MEX1, SAXS, SXR, THz, XAS




Australian Synchrotron Spectroscopy Beamlines

keV 0.1 0.5 1 2 3 4 5 10 15 20 30
A 124 24.8 12.4 4.13 2.48 1.24 0.827 0.620 0.413

X_rays I .
tm- Hard X-rays

MEX1 mprobe




Do Bushfires Generate Hazardous Chromium In Soil?

Chromium is commonly hosted in iron oxy/hydroxide

minerals in soll. Up to 35% of Cr(1it): oxidised

'to Cr(VI) m Ferrosol~type soil
These minerals transform at high temperatures but g A

the fate of trace metals such as chromium has not
been well explored.

At bushfire temperatures (200003 ),
CpP*is oxidised to Crin soil

Ce*is benign; CrIs highly toxic and carcinogenic

; 2000 400 600 800
30-40% of this Ctis extractable/mobile, meaning it could b .~ Temperature (°C)

flushed into waterways with rainfall Ed Burton, et al.

This is a previously unrecognised environmental Environ. Pollut. 247, 618 (2019).
risk associated with bushfires.




Catalytic Reactions That Eat CO ,

Dr Fengwang Wwas recently awarded th2023 Eureka Prize
Photo for research to create an affordable and efficient process to
electrochemically convert captured Cémissions into
ethylene, a basic manufacturing component of organic
and polymeric materials.

Dr Li made use of the X-ray Absorption Spectroscopy,
Infrared Microspectroscopy and Terahertz Spectroscopy,
beamlines to study the reduction of CO, to ethylene using

In situ electrochemical methods that he developed.

Advanced Materials35, 2209567 (2023)
Nature Communicationd4, 474 (2023)
Nanoscalel5, 1092 (2023)




