


• Australian Collaboration for Accelerator 
Science – MoU between the four largest 
accelerator labs in Australia: Australian 
Synchrotron, ANSTO, ANU and University 
of Melbourne. 

• Launched in 2010 by then then Science 
Minister Kim Carr and the present Chief 
Scientist Prof. Ian Chubb. 

• ACAS Directors Roger Rassool (Uni. Melb.) 
and Mark Boland (AS and Uni. Melb.) 
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ASAP - ACAS School for Accelerator Physics 
• 2008 Ted Wilson, CERN/Oxford Uni, Melbourne. 

• 2010 Ken Peach, CERN/Oxford Uni, Sydney. 

• 2012 Emmanuel Tsesmelis, CERN/Oxford Uni, Melbourne. 

• 2014 Phil Burrows, JAI/Oxford Uni, Melbourne. 

• 2016 John Fox, SLAC/Stanford Uni, Melbourne. 
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http://accelerators.org.au 



ACAS – helping to build the future 
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Bragg Centenary 2012 
• November 2012 marks the 

centenary of the founding of X-
ray crystallography by Lawrence 
Bragg 

• He and his father, William, were 
recognised by the award of the 
Nobel Prize for Physics in 1915 

• Lawrence was born and 
educated in Adelaide, Australia 

• The BRAGG Symposium 6 Dec 
2012, Adelaide 
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William Bragg 
Elder Professor of Physics  

at the University of Adelaide  
from 1886 to 1909 

Laurence Bragg 
Born 31 March 1890,  

Adelaide, Australia 
Educated at Adelaide University 



Synchrotron: An Australian Invention? 

• Oliphant’s Notebooks Adelaide University 
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Facility History 



“The New Method” 
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M. Oliphant, The Acceleration of Particles to Very High Energies, Memo for UK Atomic Energy Directorate (1943). 

...particles should be constrained to move in 

a circle of constant radius thus enabling the 

use of an annular ring of magnetic field… 

which would be varied in such a way that the 

radius of curvature remains constant as the 

particles gain energy through successive 

accelerations by an alternating electric 

field applied between coaxial hollow 

electrodes. 

 

 



Discovery of Synchrotron 
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McMillan, Phys Rev 68 p143 (1945) 

Veksler, Phys Rev 69 p244 (1946) 



Australian Invention? 

• Mark Oliphant – invented the synchrotron in his “spare time” 
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Andrew Sessler and Edmund Wilson, Engines of Discovery – A Century of Particle Accelerators, World Scientific, Singapore (2007).  



Honouring Oliphant 
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Asian Committee for Future Accelerators (ACFA) this week created a new IPAC Asia prize for PhD students in 
accelerator physics named in honour of Mark Oliphant. First prize to be presented at IPAC’16 in Korea. 
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History of Accelerators in Australia 
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T.R. Ophel, A history of accelerators in Australia, Nuclear Instruments and 
Methods in Physics Research Section A382, 20-31 (1996) 

 

• 
 



Australian Population ~22M People 
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Future Accelerators 

• Report published by 
the Australian 
Academy of Science 

• Led by the User 
community 

• Will be used in a call 
for future 
infrastructure 
requests 
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Australian Accelerator Science: 

Past, Present and Future 

Associate Professor Mark Boland 

Australian Synchrotron 

The University of Melbourne 

Fulbright Visiting Scholar, Stanford University 

 



12 years at the Australian Synchrotron 
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? 
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The Synchrotron Light Source World Map  
– as seen from Australia 
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Melbourne Tullamarine Airport (MEL) 

Australian Synchrotron (AS) IPAC’16 SPC3 venue 

MCEC IPAC’19 Venue 

24 km, 20 min 

24 km, 20 min 



Australian Synchrotron Site Overview 
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AS Guest House 

Main Gate 

NCSS Building 

Australian Synchrotron 



$38M Building Programme 

2016-01-18 ASAP2016 - M.J.Boland 20 

National Synchrotron 
Science Centre 

Medical Imaging 
Beamline 

User 
Accommodation 

Engineering Workshop 
Metrology Laboratory 

RF Laboratory 

Australian Synchrotron (2014) 



2012 New National Centre for Synchrotron Science 
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User Beam Availability 2007-2014 
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Still Going Strong: ANU 14UD 
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Pelletron 5 MV ion accelerator 

X-ray detector development 

High Energy Particle Physics 

Provide Students! 
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358 

Ion Source 

846B 

Ion Source 

2MV HVEE 

Tandetron Accelerator 

AMS 14C 

IBA 

Beam line 1 

IBA 

Beam line 2 

Ionisation chamber  

Recombinator 

STAR - 2 MV Tandetron ion accelerator 

ANTARES - 10 MV Tandem ion accelerator 



 

Australia's National

Research Priorities

Transport

Energy Resources

Food

Environmental

Change & Health

Soil and

Water

Cyber

Security

Advanced 
Manufacturing

ANSTO's

Landmark
Research

Infrastructure
• OPAL multi-purpose

research reactor

• Neutron scattering -

Bragg Institute

• Australian Synchrotron

• Centre for Accelerator

Science

Isotope tracing

in natural 

systems

Nuclear 

stewardship

National

Deuteration

Facility

Nuclear Materials

Mineral

Processing

Radiochemical

Irradiation

Technologies

Radiotracing

in living

Systems

Infrastructure
Platforms

http://playfoursquare.s3.amazonaws.com/pix/2386256_Q510VZMSYq1QSd5CC7pwWgbtis3v5WbuwchOOHyyX8U.jpg


  

• CAS: current activities  

 Maintenance and development of ion Accelerator Systems 

 Accelerator Mass Spectrometry (AMS): 10Be; 14C; 26Al; 36Cl; 129I;236U; 
239, 240Pu 

 AMS Sample Preparation Facility  

 Ion Beam Analysis (IBA): 

  - Ion Beam Irradiation (Chemistry, Defects, Damage) 

                                - Ion Beam Characterization: Rutherford Backscattering             

Spectroscopy (RBS, C-RBS); Particle Induced X-ray 

Emission (PIXE, -PIXE); Elastic Recoil Detection 

Analysis (ERDA); Nuclear Reaction Analysis (NRA); 

Heavy Ion Micro-probe (HIMP); Mono-energetic Neutron 

Production   

 On the drawing board: 

  - Medical Therapy 

  - Triple beam irradiation 



CAS Platform 

    Facilities - 4 accelerators: 1MV, 2MV, 6MV & 10MV 

                     - AMS Sample Preparation Lab 

                     - Low Energy Ion implanters    

                      

Capabilities - Accelerator Mass Spectrometry (AMS) 

                      - Ion Beam Analysis (IBA) 

                      - Technical Group: maintenance & development 

                           

Users: universities (37), AINSE, CSIRO, IAEA, 

international collaborators, commercial, training 

Radiation dosimetry, 

Micro-dosimetry, 

Micro-detectors, 

IBIC mechanisms  

Micro-spectroscopy, 2D 

mapping, Bio-imaging, 

Micro-implantation 

 

Isotopic ultra-tracing, nuclear 

forensics, bomb pulse, 

actinides, 

bio uptake, diet, toxicology 

Environmental tracing, 

Hyper-accumulating plants 

systems, salinity, erosion, 

environmental sensors 

Ion source enhancement, 

ECR  ion source 

development, IRMS++ 

Materials research 

(modification & 

characterisation)  

Structural and Functional  

Interface engineering, Ion 

beam deposition, Thin films & 

coatings,  

Ion implantation, Ion damage, 

Structural Nuclear Materials  

Fundamental physics, nuclear 

reactions, X-ray cross sections,  

Subshell fluorescence yields, 

Heavy ion stopping, neutron 

cross sections, mono-energetic 

neutrons, 

Transmutation doping 

Earth  sciences, 

Geomorphology, 

landscape change, 

Climate change, 

Water management 

Archaeolog

y Geology 

Fine particle 

air pollution 

ANSTO’s CAS Research and 

Technology  Platform   



STAR 2MV 

System 

ANTARES 

10 MV system 

SIRIUS (6 MV) & 

VEGA (1 MV) 

accelerators 

AMS Sample  

Prep Labs 

Accelerators  



Sirius 6MV Installed 2014-2015 Vega 1MV Installed 2014-2015 
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CERN CLIC Collaboration 
• Started with damping rings work   

• Serendipitous discussion with CLIC Project Director led to 
CLIC XFEL Collaboration 

• Need to start planning now for XFEL in ten years  

• Collaboration has high level support as CERN are interested 
in Australia becoming an Associate Member State 
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CLIC Damping Rings Kent Wootton (PhD UoM) 

2016-01-18 43 ASAP2016 - M.J.Boland 

ASLS 



Body of evidence for world low emittance 
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εy = 1.24 ± 0.4 pm 

World Low 
 

 



Improved Vertical Undulator Measurements 
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FEL Overview 

Looked a bit into a linac design for a typical Ångström FEL 
We do not know the real user needs 
 
Swiss FEL (C-band, approved): 
            E=5.8GeV  Q=200pC   σz=7μm    ε≈200nm-500nm 
 
Proposal of Ch. Adolphsen et al. shows concept for X-band 
            E=6GeV    Q=250pC     σz=8μm   ε≈400nm-500nm 
 
As example we did chose Q=250pC, E=6GeV and will go for similar bunch lengths 
Do not study injector (use the one from PSI for now) or undulator 

             

A. Aksoy 
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Slide from D. Schulte, CERN 



AXXS (Australian X-band X-ray Source)  - Two Designs 

1. Base line design: S-band with X-band structure for 

linearizing before BC1 

 

 

 
 

2. Alternative design being considered: X-band the 

whole way 

Gun Injector BC1 BC2 

Dogleg 

Linac2 
Undulator 

Linac1 

Experimental 

Station 

S-band 

~40 MV/m 

6 x 4 m 

 

X-band 

~65 MV/m 

4 x 0.75 m 

X-band 

~65 MV/m 

90 x 0.75 m 

~150 m 

Gun Injector BC2 

Dogleg 

Linac2 
Undulator 

Linac1 

Experimental 

Station 

X-band 

~65 MV/m 

10 x 0.75 m 

 

X-band 

~65 MV/m 

4 x 0.75 m 

X-band 

~65 MV/m 

90 x 0.75 m 

~110 m 

BC1 
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Laboratory Panorama (from my office) 
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2007-2015 



Laboratory Panorama (from my office) 
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2016-2025 
More beamlines 



AXXS 
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AXXS – Australian X-band X-ray Source 
AXXS n. /ˈæksɪs/  fig. A central prop, which sustains any system. 
Development plan for the Australian Light Source community: 

1. develop the remaining beamlines (space for an additional 6 IDs) 
2. upgrade the storage ring lattice to MBA (compact MAX IV magnets) 
3. upgrade the injector to a full energy x-band linac (3 GeV) 
4. upgrade to additional linac for XFEL (6 GeV) 



AXXS 

• Site constraint 550 m: 

• Same tunnel, energy 
and source points for 
storage ring upgrade. 

• Time constraints: need 
to finish building out the 
remaining beamlines 
before justifying a new 
ring or FEL.  
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• Strong XFEL user base with regular beamtime on LCLS 
and members of review committees for European XFEL 

• Strong government funding, especially in life sciences 

2016-01-18 
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Advanced Accelerator R&D at Melbourne Uni 

• Propose new X-band accelerator lab 
in the old 35 MeV betatron lab 

• Future RF photocathode 
development  

Steel/Pb 

Vault door 
5 T crane 



Accelerator Bunker at Melbourne Univeristy 
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Split XBOX3 
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Conferences in Melbourne, Australia 

Past conferences: 

• IBIC,  13-17 September 2015 

• ICALEPCS, Oct 2015 

 

 

 

 

Future conference: 

• International Particle Accelerator  
Conference – IPAC’19, May 2019 
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Thank you for your collaboration! 
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