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AbOuT COEPP
The ARC Centre of Excellence for Particle 

Physics at the Terascale (CoEPP) is a 

collaborative research venture between  

the Universities of Melbourne, Adelaide, 

Sydney and Monash. 

The Centre fosters linkages between experimental 
and theoretical particle physics, further links Australian 
research to significant international research centres, 
establishes strong Australian Grid and Cloud computing 
expertise and further develops accelerator technologies 
in Australia.

vISION

The Centre will exploit a once-in-a-generation 
opportunity for fundamental scientific research in 
Australia made possible through its involvement with 
the Large Hadron Collider at CERN. These opportunities 
include the prospect of understanding the origin of 
mass, discovering new physical laws, recreating and 

investigating matter under conditions that have  
not existed since the big bang and producing and  
studying dark matter in the laboratory.

The Centre will lead the nation in the pursuit of knowledge 
of the fundamental laws of particle physics, through  
a deepening engagement in the international field of 
high-energy particle physics.

mISSION

To enable young Australian scientists direct access to
this most exciting field of endeavour on a footing where
they will be competitive with their international peers.

To inspire a new generation of young Australians  
to pursue careers in science and technology.

To lead Australia in the field of high-energy physics 
research and to establish national awareness,  
pride and longevity in this field through international 
collaboration, excellence in research training, and 
opportunity for engagement.
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DirECTOr’S rEPOrT

Professor
Geoff Taylor

Centre Director
University of Melbourne

2014 was another big year for CoEPP even 

though the Large Hadron Collider was in 

the first of its planned long shutdowns 

(LS1) for essential upgrades. 

Our researchers persisted with the analysis of petabytes 
of data from the ATLAS experiment and preparations 
for the LHC’s restart in 2015 were well underway. When 
the LHC restarts in mid 2015, it will be operating  at 13 
TeV collision energy up from 8 TeV previously with the 
increased capacity for discovery.

Our experimental research is underpinned by a 
strong theoretical understanding of the physics. The 
collaboration between theorists and experimentalists is 
a mark of the Centre’s success in changing the way that 
high-energy physics research is carried out in Australia, 
bringing critical mass through collaborative approaches.

Some key innovative work is being performed by our 
experimentalists. The analysis of the Higgs decay mode 
into tau-leptons, so important for comparison with 
Standard Model predictions, in which our team played 
a critical role was released in October. 

Continued interest in searches for evidence of dark 
matter candidates has seen an important collaborative 
effort between CoEPP theorists and experimentalists 
in the interestingly titled Mono-X analyses.

The AIDA (An Inclusive Dilepton Analysis) approach, 
providing both a model-independent search for new 
physics and simultaneous measurement of fundamental 
Standard Model phenomena, was further developed in 
2014, and extended to measurements of top-quark pair 
production.

Our theorists continue to advance their work on Higgs 
boson properties, collider phenomenology and model 
building as they forge ahead in the quest to pin down 
the fundamental origin of the electroweak symmetry 
breaking. Theoretical research into neutrino mass 
generation models continues, as does supersymmetry 
and dark matter models.

Our annual scientific conference is a key point for cross-
node and cross-discipline collaboration. In 2014 we 

introduced a separate summer school for our research 
higher degree students just prior to the conference, 
giving them a great introduction to their research careers.

A variety of different workshops was held over the year 
where Centre researchers could come together to 
discuss important developments in their specific fields 
of research. Adelaide hosted a GAMBIT collaboration 
workshop early in 2014. The GAMBIT collaboration is 
an international team of particle astrophysicists and 
statisticians based at institutes including Harvard, 
Imperial College London and Stockholm universities.

CoEPP researchers – from students to chief investigators –  
were recognised in 2014 through prestigious awards. 
Most notably was Bruce McKellar’s receipt of the 
Companion of the Order of Australia (AC) for “eminent 
service to science, particularly the study of theoretical 
physics, as an academic, educator and researcher, 
through seminal contributions to scientific development 
organisations, and as an author and mentor." Bruce also 
officially took the reins as President of the International 
Union of Pure and Applied Physics. IUPAP is the peak 
international body that fosters worldwide cooperation 
in physics; Bruce is the first president to come from the 
Southern Hemisphere.

Our Associate Director and Adelaide node Director 
Anthony Thomas was named South Australian 
Scientist of the Year, which honours an individual who 
demonstrates outstanding excellence in science and has 
made significant national or international contribution 
to their field of research. Research student Phiala 
Shanahan International Women's Day Committee SA 
Young Women’s Community and Spirit Award, which 
recognises outstanding achievements and dedication  
of young South Australian women aged 12 to 30 years.

As an indication of the strengthening of the particle 
physics community in Australia, through CoEPP,  
a major initiative to establish an underground laboratory 
in the Stawell gold mine is taking shape. Led by 
Melbourne Chief Investigator Elisabetta Barberio, 
taking advantage of her strong connections with Italian 
researchers at the Gran Sasso underground facility, the 
first southern hemisphere direct dark matter search is 
under development. An Italian delegation participated  
in our joint CoEPP/CAASTRO workshop on dark matter 
searches held at the Great Western Winery near Stawell 
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“ CoEPP researchers – from students to chief investigators –  
were recognised in 2014 through prestigious awards. Most 
notably was Bruce McKellar’s receipt of the Companion of the 
Order of Australia (AC). ”

Professor 
Geoff Taylor 
Centre Director, University of Melbourne

in late September. The delegation, accompanied  
by Elisabetta Barberio, David Varvel and myself, met 
with politicians and bureaucrats in Canberra (followed 
by a dinner hosted by the Italian Ambassador) and 
Melbourne. 

Of critical importance to particle physics is the access  
to very large computing resources. Australia contributes 
to the Worldwide LHC Computing Grid (WLCG) as part 
of the commitment to the experimental program. CoEPP 
has developed and operates the Australia-ATLAS Tier-2 
computing facility, hosted at Melbourne, along with 
Tier-3 facilities at Adelaide, Melbourne and Sydney. The 
research computing team, led by Lucien Boland, has a 
core team of Sean Crosby and the recent hire Goncalo 
Borges, with support form Adelaide’s eResearch SA and 
part-time support from PhD student Tristan Bloomfield.

In 2014, our Australian facility was the world’s most 
reliable ATLAS Tier-2 WLCG grid site (99.76 per cent 
reliability). 2.5 million completed grid jobs (about 1.5 per 
cent of ATLAS total). 842 TB data were transferred to 
Australia. Amazing statistics.

Our outreach activities continue to expand and grow 
particularly in the vital area of engagement with high-
school students. The International Masterclass is our 
flagship program for this group. In 2014, CoEPP trialled 
a “virtual” masterclass, in conjunction with the NSW 
Department of Education and Communities, for students 
located in rural and remote areas of NSW. In addition, 
the Melbourne node trialled a work experience week for 
year-10 students who were immersed into a week-long 
program of lectures and tutorials, and given research 
projects. Other key activities engage the general public 

through public lectures and events. For National Science 
Week, CoEPP – in partnership with AusHEP – hosted 
a series of highly engaging talks on the subject of dark 
matter by Prof Juan Collar, one of the world’s leading 
experts in dark matter research. Other public activities 
included supporting The Science of Dr Who, a stage 
show that featured Centre researchers David Jennens 
and Martin White, and TEDxCERN@Monash – an official 
delayed telecast of the TEDxCERN event.

During the year Chief Investigator Prof Tony Gherghetta 
moved on to the University of Minnesota. Whilst he is no 
longer a CI of the Centre, he continues to work closely 
with CoEPP as a Partner Investigator.

In closing, I would like to offer my sincerest thanks to the 
entire CoEPP team for their dedication, insight and hard 
work. CoEPP has built a critical mass within Australia to 
ensure the nation’s contribution to the field of high-energy 
physics has an enduring legacy. The spirit of collaboration 
is strong and the Centre thrives because of this.
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ChAir’S rEPOrT

Professor
Jeremy mould

Chair

RIGHT
Participants at the 2014 
CoEPP Annual Scientific 
Conference held in 
Wollongong.

2014 saw CoEPP reach the midpoint of its 

current term and, accordingly, the major 

administrative event for the year past was 

the ARC CoE mid-term review. 

Readers of our annual reports to date will be well aware 
that CoEPP is meeting, and often surpassing, its key 
performance indicators. So our panel was interested 
in more qualitative matters, such as the strategic value 
of CoEPP.

The Advisory Board sees the strategic goals of CoEPP 
as positioning Australia for future developments in 
physics at the TeV scale. CoEPP brings Australian 
universities together to address European, and Asian, 
hosted scientific opportunities in the next decade. The 
LHC continues to be a principal focus and major new 
international developments – such as the International 
Linear Collider – beckon.

The Board considers the development of human  
capital as a national benefit of CoEPP. This most 
definitely includes gender equity, an area we will  
work at strengthening in the coming years.

Few scientific disciplines simply build vertically, e.g. 
the placement of the Higgs boson in the “castle” of 
the Standard Model. More often we make links at the 
interfaces with other subdisciplines, such as theory, 
cosmology, accelerator engineering and its applications, 
medical therapy and sensing. Often there are feedback 
loops that lead to unanticipated gains. The Board 
remains alert to these opportunities.

In closing, we at CoEPP are often asked about innovation 
and application. At first glance, fundamental science 
research does not seem to have direct application 
within industry. I argue that this is not the case at all. 
Fundamental science research is innovative by design. 
Large experiments such as ATLAS demand significant 
leaps in technology and pave the way for advances in 
engineering, data processing and computing. These key 
technologies are vital to the future of this country.
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rEPOrT frOm ThE iNTErNATiONAl 
ADviSOry COmmiTTEE

RIGHT
Attendees at the 2014 
International Advisory 
Committee meeting in 
Freiburg. 

Left to right: 
Dr Christian Weiser, 
Prof Karl Jakobs, 
Dr Karsten Koeneke, 
Prof Chiara Meroni, 
Prof Rolf Heuer, 
Dr Antonio Limosani, 
A/Prof Kevin Varvell, 
Mr David Varvel, 
Prof Tony Williams, 
Prof Peter Jenni, 
Dr Ulrich Parzefall, 
Prof Geoffrey Taylor, 
Dr Teng Jian Khoo.

The annual International Advisory Committee 

(IAC) meeting was held at the University  

of Freiburg on 28–29 August 2014. 

Hosted by Partner Investigator Prof Karl Jakobs, the 
meeting was held to discuss contributions from CoEPP 
Partner Investigators and the International Advisory 
Committee in advance of the Centre’s mid-term review. 
Prof Taylor spoke on mid-term review preparations 
and focused on Centre achievements and progress in 
meeting the objectives set by the Australian Research 
Council (ARC).

Significant points of discussion included:

  The Centre has significantly expanded Australia’s 
participation in particle physics research. Notably, 
the establishment of the experimental group at 
Adelaide (led by Dr Paul Jackson) and the theory 
group at Sydney (led by Dr Archil Kobakhidze), and 
the addition of continuing academic positions at 
Melbourne (Dr Phil Urquijo) and Monash (A/ Prof 
Peter Skands), will provide an important legacy  
of the Centre.

  Expansion of the Centre’s research with joint 
workshops between CoEPP and CAASTRO as 
examples of the interdisciplinary extensions.

   The early discovery of the Higgs boson at the 
LHC was due to the excellent performance of the 
accelerator and its experiments. The exceptional 
speed with which the analysis was carried out was a 
tribute to the highly successful distributed analysis via 
the Worldwide LHC Computing Grid (WLCG) in which 
the Centre has played an important role. Large- scale 
collaboration and cooperation amongst partners on 
the CERN program is held as the premier example 
of international science worldwide.

  Prof Andy Parker noted the survey by British Institute 
of Physics on the ability of advances in particle 
physics and astrophysics to attract students to study 
physics. Information from this survey will be used to 
assist our communications with prospective students.

  The Centre’s outreach and high school programs 
continue to grow. Key examples are the pilot 
programs with the NSW Department of School 
Education for the adoption of the masterclass 
program in NSW High Schools and the centrally 
managed work experience program developed 
in Melbourne, which will be available for all nodes 
in 2015.

IAC members Prof Rolf Heuer and Prof Peter Jenni 
provided their endorsement of Centre research activities 
and organisation. They noted that the Centre was 
sound and vibrant with strong participation by motivated 
students and young researchers, and commended  
the Centre on its ongoing participation within the  
ATLAS experiment at CERN. They encouraged the 
interactions between the CoEPP and CAASTRO 
groups reflecting the important developments in 
astroparticle physics and cosmology at the forefront 
of fundamental physics.

“ Large-scale collaboration and cooperation 
amongst partners on the CERN program is 
held as the premier example of international 
science worldwide. ”
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STruCTurE AND GOvErNANCE
The operation of the Centre is managed 

through a set of committees and 

management teams. The organisational 

structure is designed to support a focused, 

coordinated program; and to sustain the 

ability to deliver the sought after change 

over an extended period.

OPERATION ANd mANAGEmENT 

The Centre management structure comprises of 
the Director, Professor Geoffrey Taylor, and the two 
Associate Directors, Professor Tony Gherghetta and 
Professor Anthony Thomas. Professor Gherghetta 
resigned his role in August due to his relocation to 
the United States and a role with the University of 
Minnesota. The Centre is also managed by the Node 
Directors who manage local issues at each of the four 
Nodes of the Centre. The Centre Executive Committee 
comprises the above members who meet monthly 
throughout the year. Four face-to-face meetings are 
held during the year, one each at of the Nodes while the 

remainder are held by teleconference to ensure as wide 
participation as possible in consideration of the varied 
travel schedules of the members of the Executive team.
A Centre Manager supports the Director and the 
Executive team and oversees administrative, IT, 
outreach, and communications support for the Centre.
The Centre Manager also works with Node Directors 
to assure the proper flow of accounting information 
between the Centre and the Nodes. Financial statements 
are generated quarterly and financial reports are 
presented annually to the Board, with interim statements 
at the half-yearly meetings.

Two other key roles within the Centre comprise  
Outreach and Research Computing. Outreach activities 
include School visits by Centre researchers and 
students, specific programs such as the International 
Masterclass and work experience weeks for high 
school students, and the Centre’s “Collision” program 
highlighting the fusion of art and science. The Centre 
Research Computing facility enables the Centre to 
maintain its pledge to the Worldwide LHC Computing 
Grid (WLCG) through the provision of Tier 2 compute 
facilities to the ATLAS experiment and also to provide 
local analysis support for the Centre’s experimental 
researchers and students.

ASSOCIATE dIRECTOR
Professor Anthony Thomas

CENTRE mANAGER
David Varvel

AdELAIdE NOdE  
dIRECTOR

Professor Anthony Thomas

mELBOURNE NOdE 
dIRECTOR

Professor Raymond Volkas

mONASH NOdE dIRECTOR
Associate Professor 

Csaba Balazs

SydNEy NOdE dIRECTOR
Associate Professor 

Kevin Varvell

ASSOCIATE dIRECTOR
Professor Tony Gherghetta 

(2011–2014)

INTERNATIONAL 
AdvISORy 

COmmITTEE
AdvISORy BOARd

RESEARCH COmPUTING 
mANAGER

Lucien Boland

COmmUNICATIONS ANd 
OUTREACH COORdINATOR

Caroline Hamilton

dIRECTOR
Professor Geoffrey Taylor

BELOW
Organisational structure 
of CoEPP.
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mEETING ATTENdEES TImING 2014 ACTIvITy

International Advisory 
Committee

IAC Committee and 
Director.

Annually Held during Freiburg 
Meeting in August.

Advisory Board Advisory Board 
and Director. Centre 
academics were also 
invited to the Wollongong 
workshop meeting.

6-monthly Held at the Wollongong 
Workshop in February 
and at the University of 
Melbourne in August.

Centre Executive Director, Executive 
Committee, Centre CIs 
and academics.

Monthly 4 meetings held  
face-to-face. Remaining 
meetings held by 
teleconference.

CoEPP Experimental 
Particle Physics Group

Experimental particle 
physics staff and 
students from Melbourne, 
Adelaide and Sydney 
Universities.

Weekly1 Held by teleconference 
between Adelaide, 
Sydney and Melbourne.

Internal Annual  
Research Workshop

All CoEPP research 
and administration 
staff, students and 
representatives from 
Partner Institutions. 

Annually Held at Wollongong 
in February.

Centre wide 2-day 
workshops

Researchers from within 
the Centre within specific 
research fields.

4 meetings per year 
scheduled

3 held in 2014. CoEPP/
CAASTRO Workshop; 
ATLAS upgrade 
workshop; GAMBIT 
collaboration workshop.

Theory Group  
Journal Club

Theory researchers and 
students from all nodes 
of the Centre.

Weekly Held by teleconference 
between all nodes.

mEETING SCHEdULES 2014

1 This does not include the many ATLAS analysis group meetings held on a regular basis. 



AB
O

U
T

10
ANNUAL REPORT 2014 
COEPP.ORG.AU

Advisory BoArd

The Advisory Board meets every six months and provides 
advice to the Centre Director, provides oversight, 
review and comment on matters of strategic direction, 
the conduct of research and other Centre activities 
as may be relevant. The Board is comprised of an 
independent Chair, Professor Jeremy Mould, Professor 
of Astrophysics at Swinburne University, Collaborating 
Institute representatives, and independent members.

internAtionAl Advisory Committee

An International Advisory Committee, meeting annually, 
provides an independent expert scientific perspective 
and brings the benefit of experience from both 
established national Centres and leading international 
laboratories in the field of high energy particle physics. 
The Committee is chaired by Professor Rolf-Dieter 
Heuer, Director General of CERN.

ACAdemiC Position

Professor  
Rolf-Dieter Heuer 

Chair,
Director General CERN

Professor  
John Ellis

CERN and Clerk Maxwell 
Professor of Theoretical 
Physics at King's College 
London

Professor  
Hiroaki Aihara

Professor, Department of 
Physics, University of Tokyo

Professor 
Peter Jenni

CERN and Guest Scientist 
with the Albert-Ludwigs-
Universität Freiburg

Professor 
Cecilia Jarlskog

Professor in the Department 
of Mathematical Physics, 
Lund University

Professor 
Carlos Wagner

Head of High Energy  
Physics Group,  
Argonne National Laboratory, 
University of Chicago

Professor 
Marcela Carena

Theoretical Physics 
Department, Fermilab

ACAdemiC Position

Professor  
Jeremy Mould 

Chair,
Professor of Astrophysics,
Swinburne University

Professor 
Mike Brooks

Deputy Vice-Chancellor 
(Research),
University of Adelaide

Professor 
Karen Day

Dean of Science, 
University of Melbourne 
(Deputy Vice Chancellor 
(Research) nominee)

Professor  
Michael Morgan

Head, School of Physics, 
Monash University
(Deputy Vice Chancellor 
(Research) nominee)

Professor 
Michael Thompson

Professor in Zoology, 
University of Sydney
(Deputy Vice Chancellor 
(Research) nominee)

Professor  
Bruce McKellar AC

Honorary Professorial Fellow,
The University of Melbourne

Dr Tanya Hill Curator of Astronomy,
Museum Victoria

Dr. Adi Paterson Chief Executive Officer, 
ANSTO

CENTRE ADVISORY COMMITTEES
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CoEPP’s international partners work closely with our 
chief investigators and hail from some of the world’s 
leading universities. Our current partners are:

ACAdEmIC POSITION

Professor  
mark Kruse  

Fuchsberg-Levine Family Professor of Physics,
Duke University, USA

Professor  
allan Clark

Honorary Professor, ATLAS Group,
University of Geneva, Switzerland

Professor 
Karl Jakobs 

Professor of Experimental Particle Physics,
University of Freiburg, Germany

Professor 
andy Parker

Head of Department, Professor of High Energy Physics, 
Cavendish Laboratory, University of Cambridge, England

Professor  
mark Trodden

Langberg Professor of Physics and Department Chair,
University of Pennsylvania, USA

Professor  
Chiara meroni

Research Director,
National Institute of Nuclear Physics (INFN), Italy      

Professor  
Tony Gherghetta

School of Physics and Astronomy,
University of Minnesota (Joined as a PI January 2015)

COEPP PArTNEr iNvESTiGATOrS 
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PErSONNEl

Dr.
BruCe yaBsley

Chief Investigator
University of Sydney

Professor
anTHony Williams

Chief Investigator
University of Adelaide

Dr. 
ross younG

Chief Investigator
University of Adelaide

Associate Professor
CsaBa BalaZs

Monash Node Director
Monash University

Associate Professor
Kevin varvell

Sydney Node Director
University of Sydney

Professor
anTHony THomas

Associate Director and 
Adelaide Node Director
University of Adelaide

Professor
Geoff Taylor

Centre Director
University of Melbourne

Dr.
anTonio limosani

Chief Investigator
University of Sydney

Professor
elisaBeTTa BarBerio

Chief Investigator
University of Melbourne

Associate Professor
marTin sevior

Chief Investigator
University of Melbourne

Professor
ray volKas

Melbourne Node Director
University of Melbourne

Associate Professor
niCole Bell

Chief Investigator
University of Melbourne

CHIEF INvESTIGATORS

Professor
Tony GHerGHeTTa

Associate Director
University of Melbourne
(until June 2014)
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Dr. 
roBerT fooT

Senior Researcher
University of Melbourne

Dr.
Paul JaCKson

ARC Future Fellow
University of Adelaide

Dr.
arCHil KoBaKHidZe

ARC Future Fellow
University of Sydney

AddITIONAL ACAdEmIC STAFF

Dr.
miCHael sCHmidT

Academic Staff
University of Sydney

Dr.
PHilliP urquiJo

ARC Future Fellow
University of Melbourne

Dr.
PeTer sKands

ARC Future Fellow
Monash University

Dr.
marTin WHiTe

ARC Future Fellow
University of Adelaide

HONORARy FELLOWS ANd ASSOCIATES

Professor
BruCe mCKellar aC

Honorary Professorial Fellow
University of Melbourne

Dr.
ninG liu

Visiting Research Associate
University of Sydney

Dr.
GirisH JosHi

Honorary Principal Fellow
University of Melbourne

Associate Professor
laWrenCe PeaK

Honorary Fellow
University of Sydney

Dr.
KaTHerine maCK

Honorary Fellow
University of Melbourne

Dr.
Brian PeTersen

Honorary Fellow
University of Melbourne

Dr.
sHivani GuPTa

Visiting Research Associate
University of Adelaide
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Dr.
noel daWe

Postdoctoral Researcher
University of Melbourne

POSTdOCTORAL RESEARCHERS

Dr.
KenJi Hamano

Postdoctoral Researcher
University of Melbourne

Dr.
sudHir Kumar GuPTa

Postdoctoral Researcher
Monash University

Dr.
Kevin finelli

Postdoctoral Researcher
University of Sydney

Dr.
GuilHerme nunes
HanninGer

Postdoctoral Researcher
University of Melbourne

Dr. 
GenG-yuan JenG

Postdoctoral Researcher
University of Sydney

Professor
marK Kruse

Duke University, USA

Professor
Karl JaKoBs

University of Freiburg, 
Germany

Dr. 
PeTer aTHron
Postdoctoral Researcher
University of Adelaide  
(until Sept)
Monash University (from Oct)

Dr. 
suJeeT aKula

Postdoctoral Researcher
Monash University

PARTNER INvESTIGATORS

Dr.
James Barnard

Postdoctoral Researcher
University of Melbourne

Dr.
yi Cai

Postdoctoral Researcher
University of Melbourne

Professor
allan ClarK

University of Geneva, 
Switzerland

Professor
CHiara meroni

Istituto Nazionale di 
Fisica Nucleare, Italy

Professor
marK Trodden

University of 
Pennsylvania, USA

Professor
andy ParKer

University of Cambridge, 
UK
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Dr.
daniele ZanZi

Postdoctoral Researcher
University of Melbourne

Dr. 
maTTeo volPi

Postdoctoral Researcher
University of Melbourne

Dr.
lei Wu

Postdoctoral Researcher
University of Sydney

Dr.
niTesH soni

Postdoctoral Researcher
University of Adelaide

Dr.
andreW sPray

Postdoctoral Researcher
University of Melbourne

Dr.
alexei siBidanov

Postdoctoral Researcher
University of Sydney

Dr.
PanKaJ sHarma

Postdoctoral Researcher
University of Adelaide

Dr.
roman nevZorov

Postdoctoral Researcher
University of Adelaide

Dr.
TirTHa sanKar ray

Postdoctoral Researcher
University of Melbourne

Dr.
aldo saavedra

Postdoctoral Researcher
University of Sydney

Dr.
soumya rao

Postdoctoral Researcher
University of Adelaide

Dr.
KrisTian mCdonald

Postdoctoral Researcher
University of Sydney

Dr.
aniBal medina

Postdoctoral Researcher
University of Melbourne

Dr.
Hrayr maTevosyan

Postdoctoral Researcher
University of Adelaide

Dr.
Jinmian li

Postdoctoral Researcher
University of Adelaide

Dr.
TonG li

Postdoctoral Researcher
Monash University

Dr.
laWrenCe lee

Postdoctoral Researcher
University of Adelaide

Dr.
TaKasHi KuBoTa

Postdoctoral Researcher
University of Melbourne

Dr.
doyoun Kim

Postdoctoral Researcher
Monash University
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PROFESSIONAL STAFF

Dr.
CaTHerine BuCHanan

Monash Node Administrator 
Monash University

Dr.
GonCalo BorGes

Research Computing Officer
University of Sydney

Mr.
sean CrosBy

Research Computing 
Administrator and Developer
University of Melbourne

Mr.
sTePHen GreGory

Engineer 
University of Melbourne

Ms.
Caroline HamilTon

Communications and 
Outreach Coordinator
University of Melbourne

Ms.
yinG Hu

Melbourne Node 
Administrator
University of Melbourne

Ms.
Winnie HuanG

Centre Administrator/ 
PA to Director
University of Melbourne

Ms.
sHaron JoHnson

Adelaide Node 
Administrator
University of Adelaide

Dr.
diana londisH

Sydney Node 
Administrator
University of Sydney

Mr.
david varvel

Centre Manager  
University of Melbourne

Ms.
annaBelle PonTvianne

Monash Node Administrator  
(to January 2015)
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OvErviEW
CoEPP undertakes ground-breaking and 

transformational particle-physics research, 

and as such it is the foremost particle 

physics research centre in Australia. 

Centre members work on the most pressing questions 
in the field including tests of the Standard Model of 
particle physics, Higgs boson properties and Higgs 
decay analysis, new physics beyond the Standard 
Model, Supersymmetry and dark matter.

A major focus of research within CoEPP is on the 
ATLAS experiment at CERN. This work includes 
the analysis of Higgs boson decay modes (which is 
vital for its characterisation) and the development 
of new and refined theoretical models and analysis 
techniques. Centre work looks at physics beyond the 

Standard Model of particle physics, the search for 
the origins of neutrino mass, fine-tuning constraints in 
supersymmetric models and the elusive search for dark 
matter. Theoretical work underpins the experimental 
studies, with theorists and experimentalists working 
collaboratively to investigate the many areas of study 
within the Centre’s rich research program.

Cross-node collaboration is strong, particularly 
with the establishment of new research groups:  
an experimental group at the Adelaide node, led by 
Dr Paul Jackson and a theory group at the Sydney 
node, led by Dr Archil Kobakhidze. Theoretical and 
experimental researchers across the nodes meet  
weekly via videoconference. CoEPP researchers also 
work with individuals across the globe on specific 
projects and, besides ATLAS, are members of many 
other particle physics collaborations including Belle II 
and GAMBIT.
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INTROdUCTION

The discovery of the Higgs boson has been the most 
important result achieved by the ATLAS and CMS 
experiments in the first period of data taking at the Large 
Hadron Collider (LHC). Its discovery completed the 
Standard Model (SM) of particle physics and led to the 
awarding of the 2013 Nobel Prize in Physics to François 
Englert and Peter Higgs.

In 2014, whilst the LHC entered a long-shutdown phase 
for essential upgrades, CoEPP researchers continued 
to analyse ATLAS experiment data and studied the 
properties of the Higgs boson.

Centre researchers played critical roles in important 
and challenging Higgs boson searches with the ATLAS 
experiment focusing on Higgs boson decay modes 
difficult to identify, including H → ��, and rare Higgs 
boson production modes, such as Higgs production in 
association with a weak boson or a pair of top quarks. 
CoEPP researchers have also started preparing for 
difficult Higgs boson property measurements such 
as the measurement of the CP-parity in Higgs boson 
decays into tau leptons. 

The results from all these analyses are crucial for the 
characterisation of the discovered Higgs boson and 
for testing that this particle is indeed that predicted by 
the Standard Model. Any deviations are hints for new 
physics beyond the Standard Model.

RESEARCH

H → ��

The search for the Higgs boson decaying into pairs 
of tau leptons is the most sensitive analysis for the 
discovery of the Higgs boson coupling to fermions. 
Preliminary results released in 2013 showed strong 
evidence for Higgs boson decays into tau leptons. 
This result was updated in 2014 based on the full set 
of data collected by the ATLAS experiment during 
the first period of LHC data taking, corresponding to 
approximately 5 fb-1 of proton-proton collisions at the 
centre-of-mass energy of 7 TeV, and approximately 20 
fb-1 at 8 TeV. The updated result is an excess of events 
with a significance of 4.5 standard deviations from the 
hypothesis of no events with Higgs boson decays. 

This is the strongest evidence so far for the Higgs 
boson coupling to fermions. Under the hypothesis of 
Higgs boson production, the measured cross section 
is 1.4±0.4 times the one predicted by the SM and 
the measured Higgs boson mass is about 125 GeV, 
compatible with the mass measured more accurately 
in the Higgs boson decays into pairs of vector bosons. 

One of the main challenges in the H → �� analysis is the 
efficient reconstruction and identification of the hadronic 
decays of the tau leptons. These decays have the 
largest tau lepton decay probability, but the produced 
hadrons are difficult to distinguish from the jet of hadrons 
produced by the fragmentation of quarks and gluons 
emitted from the proton-proton collisions.

CoEPP researchers have a longstanding and significant 
contribution in this analysis, contributing both in the 
reconstruction and identification of the hadronically 
decaying tau leptons and in the analysis of the data 
events with such experimental signatures.

Highlights of research in the H → �� decay channel 
include:

  Barberio and Tan contributed to the analysis of the 
events where both tau leptons decay hadronically 
selected with a multivariate approach. This analysis 
is optimised for the measurement of the H → �� cross 
section.

  Zanzi developed a new event selection for events 
where both tau leptons decay hadronically, this 
has high sensitivity for both the cross section 
measurement and the measurement of the Higgs 
boson mass.

In addition to the search for the Higgs boson decays 
into tau leptons, CoEPP researchers are also leading 
the search for these decays focusing only on the Higgs 
boson production in association with a vector boson 
(VH). The observation of this rare process is relevant for 
pinning down the Higgs boson properties and for testing 
SM predictions. The analysis of 20 fb-1 of data collected 
at the centre-of-mass of 8 TeV is ongoing. The expected 
sensitivity is not enough for an observation, but upper 
exclusion limits on the production cross section time 
branching ratio for VH(→ ��) events are expected to be 
set between two and three times the SM prediction.
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FIGURE 1
Distributions of the 
reconstructed invariant 
�� mass, ���    where 
events are weighted 
by ln(1 + S/B) for all 
channels. These weights 
are determined by the 
signal (S) and background 
(B) predictions for each 
BDT bin. The bottom 
panel shows the difference 
between weighted data 
events and weighted 
background events  
(black points), compared 
to the weighted signal 
yields. The background 
predictions are obtained 
from the global fit with 
the �� = 125 GeV signal 
hypothesis (signal strength 
� = 1.4). The �� = 125 
GeV signal is plotted with 
a solid red line, and, for 
comparison, signals for 
�� = 110 GeV (blue) and 
�� = 150 GeV (green) are 
also shown. The signal 
normalisations are taken 
from fits to data with the 
corresponding signal 
mass hypotheses, and the 
fitted � values are given in 
the figure.

Highlights of research in VH (→ ��)  production 
mode include:

  Jeng coordinates the analysis.

  Jeng, Hanninger, Zanzi, Black and Jennens 
established a data-driven method for the estimation 
of background events with misidentified muons and 
electrons and hadronically decaying tau leptons. 
The method is expected to have wider applications 
in other physics searches.

  Jennens, Le, Hanninger and Zanzi have pioneered 
a multivariate approach for the estimation of 
background events from production of two vector 
bosons.

CoEPP researchers are fully committed to the  
H → �� search for the next period of LHC data taking 
in 2015. The sensitivity for a discovery at five standard 
deviations is expected to be reached by the end of 
the first year of data taking. In order to achieve such 
results, preparations have already started. Zanzi, Rados 
and Le are preparing to work on the data acquisition 
software for events with hadronically decaying taus 
and on the calibration of the energy measurement of 
such particles. Moreover Zanzi is leading the design of 
the measurement of the Higgs boson CP-parity in the 
Higgs boson decays into tau leptons. This is a complex 
analysis due to the difficult selection of the signal events 
and to the need for a precise reconstruction of the tau 
lepton decays. Nonetheless, this analysis will be one  
of the most sensitive measurements for the Higgs boson 
CP-parity with important implication for the indirect 
search for physics beyond the Standard Model. 

H → WW → ℓνℓν

CoEPP researchers are involved in the analysis of 
Higgs boson decays into a pair of W bosons; and the 
subsequent decays of both W bosons into leptons. This 
analysis is very important for the measurement of Higgs 
boson couplings to other elementary particles. 

In the ATLAS experiment the couplings are usually 
determined by means of a global fit including results 
of a number of analyses. However, in the associated 
production of a Higgs boson with a W boson, with the 
H → WW → ℓνℓν decay, the Higgs coupling to W boson 
can only be measured by analysing this single process. 
This feature is coming from the fact that Higgs boson 
couples only to W boson in this process. Kubota, Rados 
and Huitfeldt have greatly contributed to the analysis 
of this channel. Rados and Kubota drive the analysis 
of the dominant sensitivity in this process, which has 

three leptons in final state. Huitfeldt and Kubota also 
investigated another analysis that uses hadronic decay 
of a W boson and were successful in adding substantial 
sensitivity to the decay channel analysis. Kubota was 
coordinator of this ATLAS analysis group throughout 
2014, and editor of the paper. Rados and Kubota also 
contributed to other H → WW → ℓνℓν analysis that 
utilise other Higgs production modes. The results of this 
analysis was presented at a CERN council seminar 
in October.

ttH → leptons

The strongest coupling of the Higgs boson to fermions 
is with top quarks; the heaviest particles in the Standard 
Model. As with any other Higgs boson coupling to 
fermions, the strength of this coupling is not predicted 
by the SM and its precise measurement is one of the 
most important results expected in the next period of 
LHC data taking starting in 2015.

CoEPP researchers are involved both in ongoing analysis 
of the 8 TeV data, and in the preparation for the analysis 
of data that will be collected in 2015.

Nuti and Zanzi contribute to the estimation of 
experimental and theoretical systematic uncertainties 
in the 8 TeV analysis. 

For future analyses, Barberio, Nuti, Zanzi, Milesi and 
Spiller are involved in the preparation for new analysis 
techniques. Nuti and Zanzi are exploring new data-driven 
methods for the background estimations, while Barberio, 
Milesi, Spiller, Zanzi are investigating new methods for 
the selection of the signal events.

���
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INTROdUCTION

New analyses of experimental data are – with ever-
increasing confidence – pointing towards the simplest 
nature of the Higgs boson particle, yet the theoretical 
understanding of the fundamental origin of the Higgs 
mechanism remains in mystery. Electroweak symmetry 
breaking and the associated Higgs mechanism are 
key ingredients of the Standard Model (SM) of particle 
physics that ensure masses for all observed elementary 
particles. The precision of experimental measurements 
is not yet developed enough to fully establish the 
simplest Higgs mechanism and, hence, other theoretical 
possibilities are still a subject of active investigations.  
In fact, certain theoretical considerations strongly favour 
extensions of the simplest Higgs mechanism. Although 
the Higgs mechanism provides masses to elementary 
particles, the origin and the measured magnitude of the 
Higgs boson mass itself – as compared to anticipated 
other higher mass scales – remains a major theoretical 
puzzle, known as the naturalness or the mass hierarchy 
problem.

Driven by the ultimate quest to pin down the fundamental 
origin of the electroweak symmetry breaking and resolve 
the aforementioned puzzles, CoEPP theorists have been 
working in all major directions related to Higgs physics, 
from collider phenomenology and model building to 
cosmological and astrophysical implications of the Higgs 
boson. This resulted in several innovative and original 
papers during 2014.

RESEARCH

Higgs boson properties and collider phenomenology 

This line of research aims at analysing interactions and 
other properties of the Higgs particle in light of current 
experimental data at the Large Hadron Collider (LHC) 
and provides further theoretical investigation of new 
strategies of measuring crucial Higgs parameters in 
future high-energy experiments. A major focus in 2014 
was the study of Higgs-top quark coupling, which is 
believed to be critical also in a cosmological context, 
for example the stability of the universe and the 
electroweak phase transition in the early universe. 
Kobakhidze, Wu and Yue in JHEP 1410:100 (2014) 
have identified possible deviations from the Standard 
Model Higgs-top quark couplings allowed by current 

measurements and studied prospects of measuring such 
anomalous couplings in future experiments at high-
luminosity LHC. Gupta and collaborators have found new 
constraints on exotic Higgs-top quark flavour changing 
couplings using the 7 and 8 TeV LHC data in JHEP 
1410:57 (2014). Liu and collaborators in Phys. Lett. B. 
731:70 (2014) have computed the full next-to-leading 
order quantum chromodynamics (QCD) corrections to the 
Higgs → ZW production cross section, which allows for 
more precise determination of the Higgs gauge couplings 
in the coming 14 TeV experiments at the LHC.

Higgs in beyond the standard model (Bsm) theories

A significant effort of the Centre’s theorists has been 
directed towards studying different aspects of Higgs 
physics within various beyond the Standard Model 
(BSM) theories, which are strongly motivated by 
considerations such as naturalness of the hierarchy 
of mass scales in physics. Two major classes of such 
theories are supersymmetric models and composite 
Higgs models. Recently, a third alternative emerged 
within the framework of scale invariant theories, with  
a significant pioneering input from CoEPP researchers.

supersymmetric Higgs 

The current Higgs data has already significantly 
constrained the allowed parameter space within the 
simplest supersymmetric theories such as the Minimal 
Supersymmetric Standard Model (MSSM) and the Next-
to-Minimal Supersymmetric Standard Model (NMSSM), 
which does not require unnatural tuning. Gherghetta, 
Medina, Schmidt and collaborators have made important 
observations in JHEP 1404:180 (2014), that since the 
measured properties of the Higgs boson are close to 
those in the Standard Model, the additional scalars 
in supersymmetric models must be in the decoupling 
regime, i.e. they must be significantly heavier than the 
observed Higgs particle. This, however, exacerbates the 
tuning associated with the electroweak scale, which can 
be offset only within the MSSM and not in the NMSSM. 
They have concluded that precision of Higgs coupling 
measurements at the LHC will probe naturalness in 
the NMSSM at the few per cent level, while sensitivity 
of Higgs coupling measurements at the planned 
International Linear Collider will allow naturalness in these 
models to be constrained at the per-mille (‰) level. 
Kim, Athron, Balazs, Farmer and Elliot in Phys. Rev. D 
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90:055008 (2014) quantify the naturalness in the NMSSM 
and MSSM using Bayesian model comparison and 
concluded that the constrained version of the NMSSM  
is less tuned (more natural) than the constrained version 
of the MSSM. 

Nevzorov and collaborators have investigated the 
discovery prospects for NMSSM Higgs bosons during 
the 13 TeV run of the LHC in Phys. Rev. D 90:095014 
(2014). They computed the rates for production and 
subsequent decay of the neutral NMSSM Higgs bosons 
in the most promising final states. The prospects for 
pinning down the Higgs sector of the natural NMSSM 
were analysed, taking into account alternative search 
channels. A series of benchmark scenarios compatible 
with the experimental constraints, that feature Higgs-to-
Higgs decays and entail (exotic) signatures with multi-
fermion and/or multi-photon final states were presented.

Li studied heavy Higgs decays in the decoupling regime 
within MSSM and identified prospects of heavy Higgs 
searches at high-luminosity 14 TeV LHC [Phys. Lett. B 
728 (2014) 77–84]. Athron, Nevzorov, Williams and their 
collaborator from Germany, Muhlleitner, examined non-
standard decays of the lightest Higgs boson within the 
U(1) extensions of the MSSM that can naturally lead to 
a very light pseudoscalar Higgs state [arXiv:1410.6288]. 
This state can be so light that the decays of the 125 GeV 
Standard Model-like Higgs boson into a pair of such 
pseudoscalars are kinematically allowed. They argued 
that the branching ratio of these Higgs decays may not 
be negligibly small. In Phys. Lett. B 728 (2014) 210–215; 
Nevzorov analysed exotic Higgs decays within a class of 
supersymmetric models inspired by the unified theories 
based on exceptional group “E6”. In Phys. Rev. D 
89:055010 (2014) Nevzorov also investigated quasi-fixed 
point scenarios within the same class of models.

Composite Higgs, little Higgs and extra dimensions
 
The naturalness problem can also potentially be 
addressed within the class of models where the Higgs 
boson is a composite state of more fundamental 
constituents. One of the tools of constructing effective 
low-energy theories with composite Higgs is an extra-
dimensional framework and the AdS/CFT (anti-de Sitter/
conformal field theory) correspondence. However, 
within this framework only the high-energy limit of the 
theory remains undetermined. Barnard, Gherghetta and 
Sankar Ray have proposed [JHEP 1402:002 (2014)] a 
novel framework for describing composite Higgs at high 
energies based on the gauged Nambu—Jona-Lasinio 
(NJL) model of four-fermion interactions. In particular, they 
constructed composite Higgs model based on SO(6)/
SO(5) coset group within the Sp(2N) gauged NJL model. 

Phenomenological studies of a little Higgs and extra 
dimensional models have also been performed. 
Namely, Liu and collaborators have analysed [Phys. 
Rev. D 89:034020 (2014)] top-quark flavour-changing 
interactions within a particular class of little Higgs models 
and concluded that these models can be falsified in 
the LHC Run 2. Cox, Medina, Sankar Ray and Spray 
investigated radion/dilaton – Higgs mixing stemming 
from higher dimensional gravity-Higgs mixing using the 
tolls of ADS/CFT. They found that an additional scalar 
particle of mass in the range 150–200 GeV and small 
mixing with the Higgs boson can be probed at LHC via 
diphoton channel.

scale invariant Higgs models

In recent years there has been an increased interest 
in scale invariant models of electroweak symmetry 
breaking. CoEPP researchers have played a significant 
role in this development. In 2014 the Melbourne–Sydney 
team of Foot, Kobakhidze, McDonald and Volkas, 
published a paper [Phys. Rev. D 89:115018 (2014)] 
describing the role of softly broken scale invariance in 
explaining vastly different mass scales in physics beyond 
the Standard Model. Kobakhidze and McDonald also 
discussed significance of scale invariance in resolving the 
hierarchy problem within effective field theory framework 
in JHEP 1407:155 (2014). 

Some of the scale-invariant models predict a very light 
scalar particle, known as a dilaton. The phenomenology 
of such light scalar in the mass range from 100 MeV to 
10 GeV was studied in JHEP 1402:123 (2014) by Clarke, 
Foot and Volkas.

FIGURE 2
Current constraints on 
the anomalous Higgs-
top couplings CS and 
CP obtained in JHEP 
1410:100 (2014).
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INTROdUCTION 

Neutrinos are elementary particles of zero electric 
charge that interact weakly and have very small masses. 
Originally thought, like the photon, to be precisely 
massless, an elegant series of “neutrino oscillation” 
experiments has now established that neutrinos in reality 
possess some mass. The mystery is why the required 
masses are so much smaller than for related particles 
such as the electron. As part of that puzzle, it is not 
known if neutrinos gain mass from the Higgs mechanism 
in the same way as do electrons and quarks, or 
instead from some more involved dynamics. Indeed, 
the suspicion is that the explanation for why neutrino 
masses are so small lies with a more complicated 
mechanism by which they get generated. There are two 
generic possibilities: “see-saw” models, and “radiative 
mass generation” models. Both of these possibilities 
have been under active experimental and theoretical 
investigation at CoEPP, both severally and jointly. In all 
the cases considered, neutrinos are hypothesised to be 
“Majorana fermions”, meaning that they are their own 
antiparticles. This requires lepton-number conservation 
to be violated by two units.

RESEARCH

Theoretical models

The see-saw models explain the smallness of neutrino 
mass through an inverse relationship with a high mass 
scale of new physics. There are three main varieties of 
see-saw models, termed type-I, -II and -III, which differ 
in the electroweak properties of the new, high-mass 
particles. Types II and III can be meaningfully searched 
for at the LHC, because the new particles couple to 
the weak and electromagnetic forces. It is worth noting 
that the type-III model was invented by University of 
Melbourne theoreticians in a seminal 1989 paper that 
has attracted over 400 citations. 

An alternative to the see-saw strategy sees neutrinos 
pick up mass through quantum-mechanical effects 
called “loop corrections”. There are many such models, 
but they all require new high-mass particles, with the 
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mass scale possibly being low enough that the particles 
could be discovered at the LHC. There are three aspects 
to investigating such models: construction of the 
theories, determining constraints on parameter space 
from existing experimental data, and determining the 
parameter reach of future LHC searches.

The model-building effort in 2014 followed two paths. 
One strategy, led by McDonald of the Sydney node, saw 
the construction of models that feature neutrino mass 
generation at three-loop order (Phys. Rev. D 90:015024 
(2014), JHEP 1410:167 (2014), Phys. Lett. B 734:388 
(2014). The loop order determines the smallness of 
the effect. Three-loop models are especially interesting 
because the required new physics is more likely to 
exist at energies accessible to the LHC than for the 
two- and one-loop cases. Working with collaborators 
in Algeria, Taiwan and the United Arab Emirates, 
McDonald performed extensive investigations of a 
possible connection between three-loop neutrino mass 
generation and the existence of dark matter. In some 
of the cases they examined, new particles would be 
expected at or near LHC energies, were those theories 
to be true.

Cai, Clarke, Schmidt and Volkas produced a detailed 
analysis of the LHC phenomenology of a new  
one-loop model that they invented (arXiv:1410.0689). 
The model requires the existence of a colour-triplet, 
electrically-charged leptoquark scalar particle, and a 
massive coloured fermion that interacts both weakly  
and electromagnetically. They determined that the 
present lower bounds on the masses from LHC data 
are 600 and 620 GeV, respectively. The model they 
examined is one of several that they catalogued as 
ultraviolet completions of mass-dimension-7 effective 
operators that violate lepton number conservation by 
two units and hence can serve as the origin of Majorana 
neutrino masses.

Joint work between the experimental and theory groups 
at Melbourne has begun on the further development of 
this research. Masters students Gargalionis and Strang 
will work with Barberio and Volkas to determine the 
reach of the 14 TeV LHC.
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experimental searches

During 2014, an analysis of type-III mechanisms was 
performed. In type-III the Standard Model is extended 
by two or more extra matter fields in the adjoint 
representation of SU(2)L, with hypercharge Υ=0. This 
gives rise to a fermionic triplet. The neutral component 
of the triplet is similar to the right-handed neutrino in the 
type-I mechanism. Of greatest importance to the type-
III see-saw model is that the triplet couples to gauge 
bosons, enabling potentially observable production rates 
at the LHC. The type-III see-saw heavy charged fermions 
are either pair produced, pp→Σ–Σ+, or produced in 
association with a heavy neutral lepton pp→Σ0Σ+. As the 
Σ+ couples to Standard Model leptons, a large branching 
fraction to modes with charged leptons is expected. 
The cleanest, most powerful search modes involve one 
Σ+ decaying to Z+l+, where the Z boson decays to a 
charged lepton pair. The relatively narrow width of the 
Σ+ allows for resonance searches in the three-lepton 
invariant mass. Urquijo is working on the project with 
collaborators in UC Berkeley, Lawrence Berkley National 
Laboratory and University of Bonn (including a PhD 
student under his partial supervision).

FIGURE 3
Three-loop diagram for 
radiative neutrino mass.
Here S ~ (1,1,2) and  
T ~ (1,3,2) are scalars 
while E ~ (1,3,0) is a 
fermionic triplet. There are 
three distinct diagrams 
with the sets {T+, E0, T−}, 
{T++, (E+)c, T0} and {T0, 
E+,T−−} propagating in the 
inner loop.

A search for trilepton resonances in four-lepton final 
states was initially performed in ATLAS on 5.8 fb-1 of 
data collected at 8 TeV centre-of-mass energy (Barberio, 
Hamano, Ong, Urquijo, ATLAS-COM-CONF-2013-009). 
The search scanned through three-lepton invariant 
masses, consistent with a Σ+, for electron and muon 
prompt leptons. The fourth lepton would be from the 
accompanying heavy lepton. No evidence for a signal 
was found, with sensitivity up to 245 GeV masses.

The study in 2014 on the full 20 fb-1 data set extended 
the analysis in several ways: categorisation of the rest 
of the event in bins of jet and lepton multiplicity for 
background mitigation; separate analysis of lepton 
flavour coupling; and an unbinned maximum log 
likelihood fit was used, which has much greater sensitivity 
in the presence of Standard Model background. The 
results were due to be made public in December 2014.  
If no signal is found, the most stringent constraints on the 
heavy lepton couplings to SM leptons will be placed for 
Σ+ masses between 100 to 400 GeV. The analysis is also 
being applied to a search for vector-like leptons (fermions 
which couple non-chirally to the electroweak gauge 
group), which have the same experimental signature.

“ Part of the neutrino mass puzzle is that it is not known if 
they gain mass from the Higgs mechanism or from some more 
involved dynamics. The suspicion is that the explanation lies 
with a more complicated mechanism of mass generation. ”
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INTROdUCTION 

The Standard Model (SM) assumed its current form 
in the mid-1970s and has since achieved remarkable 
success through predicting the existence of the weak 
gauge bosons, the top quark, tau neutrino and very 
recently the Higgs boson. 

With no evidence of physics beyond the SM seen in 
accelerator based collider experiments more attention 
is turning to measuring known SM processes with 
ever-greater precision. New physics has the potential 
to perturb the rate and characteristics of known SM 
processes. Therefore SM processes themselves are 
sensitive probes of new physics. Moreover precise 
measurements of SM processes improve the chance of 
finding new physics, as they are important backgrounds 
in searches.

Currently the measurements of SM processes at the 
LHC performed within CoEPP include the analysis of 
multi-lepton final states, known as AIDA (An Inclusive 
Dilepton Analysis) a dedicated, differential measurement 
of the top-quark pair production cross-section, and 
a search for the production of the Υ(1S) resonance in 
association with weak vector boson at CDF.

RESEARCH

aida

This project spans the Sydney node and partner institute, 
Duke University and so is fully contained within CoEPP. 
AIDA has now grown to become a pillar in the Centre’s 
research program. ATLAS submitted to Physical Review D, 
the manuscript titled “Simultaneous measurements of 
the top-quark pair, W-boson pair, and Z boson decay 
to tau-pair production cross-sections in �� collisions at 
collision energy 7 TeV with the ATLAS detector”. 

The manuscript was accepted for publication on 
January 20, 2015. Limosani presented the results for 
the first time on ATLAS’ behalf at the 37th International 
Conference on High Energy Physics (ICHEP). ICHEP was 
held in Valencia, Spain from July 2 to July 9 and is the 
world’s leading particle physics conference, attracting 
over 1000 participants.

The analysis involves the simultaneous measurement 
of fundamental Standard Model phenomena, namely the 
rate of pair production of top quarks, tau-leptons via Drell-
Yan, and W-bosons in the electron and muon pair final 
state using data from proton-proton collisions collected 
at a proton on proton collision energy of 7 TeV. Typically, 
measurements for these processes are made individually 
and so simultaneous measurements provide a unique 
global test of the Standard Model and are a sensitive 
unique probe of low-energy quantum chromodynamics 
models. The latter is owing to their rates being mutually 
sensitive to proton sub-structure (specifically the parton 
distribution function, or PDF, of the proton).

The measurements broke new ground within ATLAS on 
several fronts by being: the first analysis to present fiducial 
measurements of top-quark pair production and first 
simultaneous measurements of distinct SM processes. 
Fiducial measurements represent the new frontier for SM 
measurements at the LHC due to their ability to be more 
robustly compared with theory predictions. A unique 
feature is the comparison of correlated theory predictions 
with data, the analysis shows that next to leading order 
theory predictions cannot simultaneously agree with the 
measurements, see Figure 4.

In 2014 much excitement centred on the measurement 
of the cross-section of W boson pair production (WW). 
Dedicated WW measurements revealed tension with 
SM predictions, where these analyses had the common 
feature of employing a “jet-veto” to remove significant 
top-quark pair backgrounds. AIDA, as mentioned, 
performs simultaneous measurements and as such 
did not employ a “jet-veto”, as such it was the only 
measurement of its kind of W boson pair production. 
Many papers commenting on the discrepancy have 
pointed to the jet-veto as being a likely source of 
uncertainty not properly taken into account.

In 2014 the AIDA team, led by Kevin Finelli, extended 
the AIDA framework to include three lepton final states 
and b-quark jet tagging information in order to perform 
a measurement of the cross-section of the associated 
production of a weak vector boson with top-quark 
pairs (ttW and ttZ). These processes are irreducible 
backgrounds to searches for new physics and 
measurements of the associated production of a Higgs 



R
ESEAR

C
H

RESEARCH 
33

boson with top-quark pairs (ttH). The measurement 
serves as a benchmark for the SM calculations of ttV at 
next-to-leading order in the strong coupling constant. 

New physics can be probed because anomalous 
couplings may exist to enhance the ttW and ttZ cross-
sections. The predicted cross-section for ttZ depends 
on the coupling between Z bosons and top quarks. 
The coupling has not been measured yet. An accurate 
measurement of the cross-section can be reinterpreted 
as a measurement of the coupling. The simultaneous 
measurement of the ttW and ttZ cross-section allows for 
the measurement of the coupling with better accuracy 
due to the cancellation of theoretical and experimental 
uncertainties. New collaborators on this effort include 
PhD student Chen Zhou (Duke), Dr Alexander 
Paramonov (Argonne National Laboratory) and PhD 
student Othmane Rifki (University of Oklahoma).

Due to the heavy involvement of AIDA team members 
in the ATLAS “Top Quark” and “SM” working groups, an 
invited presentation was given by Saavedra on top-quark 
measurements at the “QCD@LHC 2014” conference 
held in Suzdal, Russia from August 25–29, in addition to 
the previously mentioned invited talk given by Limosani. 
The AIDA research program led to Finelli becoming 
co-leader of the group in ATLAS dedicated to measuring 
top-quark pair production cross-sections and Saavedra 
becoming ATLAS Top working groups’ liaison to the 
ATLAS “Jet and Missing ET” group.

Differential top quark production cross-section 
measurement 

This project involves partner institute University  
of Geneva and formed the basis of Watson’s PhD 
dissertation, which was co-supervised by Varvell and 
Clark (Geneva), with heavy involvement from Bell 
(Geneva) and Saavedra. Watson was a co-tutelle PhD 
student at the University of Sydney and University of 
Geneva, and successfully defended his thesis in July 
2014 in Geneva.

This project has measured the differential cross section 
for a so-called “pseudo-top” in the semi-leptonic channel 
of top pair production separately in top transverse 
momentum and top rapidity. The measurements are 
very useful for tuning model descriptions of LHC collision 
events, and in constraining the gluon content of the 
proton. The measurement was presented for the first 
time in the leading conference on top-quark related 
measurements “TOP2014” held in Cannes, France from 
September 29 to October 3. TOP2014 brought together 
about 130 experimental and theoretical physicists 
working on top quark physics and related topics. 

This measurement of “pseudo-top”, the first of it’s  
kind, has paved the way for many future measurements 
as the community agrees this technique of measuring 
the differential cross-section at the particle level is the 
best method of minimising model dependency. 

FIGURE 4
Measurements of the 
fiducial cross-sections 
of Z/γ* to tau-pair and 
top-anti-top production 
in the electron-muon final 
state at ATLAS at proton-
proton collision energy of 
7 TeV. In colour are shown 
the predictions calculated 
at next-to-leading order 
precision in the strong 
coupling constant using 
different models of the 
proton parton distribution 
function. (Reproduced from 
CERN-PH-EP-2014-119)
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To supplement the talk an ATLAS conference note has  
been produced ATLAS-CONF-2014-059. A journal 
publication draft, with Saavedra as lead editor, is 
undergoing internal review in ATLAS and expected 
to be submitted in early 2015. Future directions for 
this measurement using 8 TeV collision data include 
extensions to double differentiable distributions in both 
transverse momentum and rapidity.

“ AIDA has grown to become a pillar in the Centre’s research 
program. The analysis involves simultaneous measurement of 
fundamental Standard Model phenomena, which provides a 
unique global test of the Standard Model. These measurements 
have broken new ground within the ATLAS experiment. ”

search for associated production of a weak vector 
boson in association with the Υ(1s) resonance

Kruse, Limosani and Zhou searched for the associated 
production of a weak vector boson in association with 
the Υ(1S) resonance using proton and anti-proton 
collisions at energy 1.96 TeV from the Tevatron recorded 
by CDF. This is a very rare process within the SM and 
measurements for it rely on non-relativistic quantum-
chromodynamics models (NRQCD), especially the 
numerical values of the long distance matrix elements, 
which determine the probability that b-quark and b-anti-
quark will form a resonance state. Measurements of 
Υ+W/Z are important for validating NRQCD models.

This channel is also interesting with respect to super-
symmetric particle physics models, where some predict 
the decay of a charged Higgs boson into Υ(1S) plus 
W-boson final states with a large branching fraction. 
Similarly, in addition to the expected decays of a SM Higgs 
to an ΥZ pair, further light neutral scalars may decay into 
ΥZ. Therefore if the observed rate of ΥW or ΥZ production 
is significantly larger than the expected SM rate, it may be 
an indication of physics not described by the SM. 

The measurement has reported the most stringent 
limits for these processes to date, and intriguingly 
reported a signal event for Υ+Z, where there was a very 
small chance of observing an event. Naturally with one 
event a discovery cannot be claimed but it provides 
motivation for further research. A CDF public note of 
the measurement was produced “Search for production 
of an Υ(1S) meson in association with a W or Z boson 
using the full 1.96 TeV �� ̅ collision data set at CDF” 
(FERMILAB-PUB-14-540-PPD) and a manuscript was 
submitted for publication in Physical Review D.

FIGURE 5
Differential top-antitop 
cross-section as a 
function of the total 
leptonic and hadronic 
top-antitop mass m(tt). 
The data points are 
shown with a blue 
band which represents 
the total uncertainty. 
The model predictions 
from several leading 
order multi-leg Monte 
Carlo (MC) generators 
described in the text are 
superimposed.
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INTROdUCTION 

The Standard Model describes all known particles  
and their interactions and explains a vast amount of 
experimental observation from all the known subatomic 
collisions to the microscopic workings of the universe.

The Standard Model became complete with the 
discovery of the Higgs boson. However, the presence 
of the Higgs particle also creates a serious problem. 
According to the Standard Model, the mass of the 
Higgs boson is affected by physics that is separated 
from it by 15 orders of magnitude, thus creating  
a “naturalness” problem.

Supersymmetry (SUSY) is an important theory in  
particle physics, which is being pursued in the hope 
of explaining such theoretical dilemmas. Supersymmetry 
offers a simple solution to the naturalness problem by 
pairing all standard particles with super-partners. This 
mechanism, in turn, relies on known symmetries of the 
Standard Model to naturally shield the Higgs mass from 
high-energy corrections. Supersymmetry also provides  
a dark matter candidate, currently lacking in the 
Standard Model. It is a unified framework for all matter 
and forces, including gravity, which is not contained 
in the Standard Model.

The 125 GeV Higgs boson is consistent with the 
requirements of Supersymmetry. The simplest 
supersymmetric extension of the Standard Model –  
the Minimal Supersymmetric Standard Model (MSSM) –  
requires the mass of the lightest Higgs boson to be 
below 130–140 GeV. Supersymmetric particles are being 
actively sought with no candidates yet being identified.

RESEARCH

Theoretical models

The Next to Minimal Supersymmetric Standard Model 
(NMSSM) is currently of great interest since the minimal 
model (MSSM) is in some tension with the 125 GeV 
Higgs. CoEPP researchers Athron and Williams 
worked in collaboration with researchers at Dresden 
and Cambridge to extend the well-known SOFTSUSY 
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program to calculate the mass spectra of the NMSSM. 
This spectrum generator can be used to study the 
phenomenology of the NMSSM in combination  
with other tools and is now publicly available at  
softsusy.hepforge.org with the manual published 
in Comput. Phys. Commun. 185:2322 (2014).

In Phys. Rev. D 90:055008 (2014), Kim, Athron, Balazs, 
Farmer and Hutchison showed that in the context of 
probability theory the NMSSM is a more natural theory 
than the MSSM. Bayesian inference was used to 
quantify the naturalness of these hypotheses by a prior 
that automatically emerges after requiring that the theory 
reproduce the electroweak scale. In the paper it was 
shown that the Barbieri-Giudice fine-tuning measure is 
a special case of the electroweak naturalness prior. The 
results revealed that the tuning is negligible in certain 
regions of the NMSSM parameter space. Subsequent 
work will produce detailed fine-tuning maps of the 
12-parameter NMSSM.

One of the key theoretical motivations for low-energy 
supersymmetry is that it provides a framework for 
a light Higgs boson without invoking unnatural fine-
tuning of theory parameters. It has become imperative 
to consider the possibly hidden parameters space 
where supersymmetric theories maintain naturalness, 
and to look for alternative strategies for verifying 
natural supersymmetry models at the LHC. In JHEP 
1402:049 (2014), Kobakhidze, Liu, Saavedra, Wu and 
collaborators have proposed a new strategy to search 
for light, nearly degenerate higgsinos within the natural 
MSSM through monojet signals where they have 
demonstrated that the higgsino mass � in 100–150 GeV 
range, which is preferred by the naturalness, can be 
probed at 2σ significance at 14 TeV LHC with 3000 fb-1 
luminosity.

Barnard and Farmer took existing limits on the stop 
mass, coming from simplified model studies performed 
by ATLAS and CMS, and recast them in a way that is 
as model-independent as possible in JHEP 1406:132 
(2014). This required developing a new technique for 
combining simplified model studies and highlighted the 
importance of considering mixed decay modes for the 
stop, rather than just pure decay channels. Spray, along 

SEArChiNG fOr 
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with a researcher in Vancouver, showed how fixed-target 
experiments can constrain supersymmetric models in 
JHEP 1406:083 (2014); in particular, models with a light 
hidden sector. Their research is being continued to form 
part of the proposal for the SHiP (Search for Hidden 
Particles) experiment at CERN.

Gherghetta, Medina, Schmidt and a researcher in 
Trieste took a different approach for searching for SUSY, 
turning their attention to the Higgs couplings. They 
demonstrated that strict bounds on naturalness appear 
if the Higgs couplings continue to not deviate from those 
of the SM. The situation is most severe in the NMSSM 
where these bounds become stronger than those 
coming from direct sparticle searches, especially when 
the Higgs couplings are measured with the precision 
expected at a future linear collider. Balazs and White  
in JHEP 1401:073 (2014) discovered parameter regions  
in the NMSSM that allow for a strong electroweak phase 
transition. This phase transition fuels baryogenesis 
generating a cosmic matter-antimatter asymmetry. 
These parameter regions also allow driving inflation via 
(nearly) flat directions of the NMSSM scalar potential. 
This research was the first to demonstrate that inflation 
followed by subsequent thermal production of dark 
matter and generation of matter-antimatter asymmetry  
is viable in the NMSSM. Currently, investigations are 
being made into whether adequate charge-parity 
violation is present in the NMSSM to give rise to the 
observed amount of baryon asymmetry. 

White co-leads the GAMBIT collaboration, an 
international team of particle physicists, astrophysicists 
and statisticians including a number of CoEPP members 
(Athron, Balazs, Farmer, Jackson and Saavedra). 
The team are investigating the validity of general 
supersymmetric theories in light of recent collider and 
astrophysics measurements.

CoEPP researchers have also considered more 
extended models of supersymmetry which are very well-
motivated, coming from an elegant and unified picture 
at high energies with exciting new phenomenology at 
the low energies. In a large ongoing project CoEPP 
researchers Athron, Thomas, Underwood and White 

worked with collaborators to combine the LHC 
measurement of the Higgs boson mass and mass 
limits on new supersymmetric particles and exotic 
states (which appear in these models with astrophysical 
measurements of the relic density and limits on direct 
detection of dark matter) and studied the impact these 
have on the E6SSM. In another ongoing project into 
these models Athron, Harries and Williams investigated 
fine-tuning in the E6SSM and other U(1) extensions of 
the MSSM, with results to be published soon.

Investigations into non-minimal supersymmetric 
models can be more challenging because, unlike for 
the minimal model, there are no publicly available 
tools to study the phenomenology. To address this 
Athron is working in collaboration with researchers at 
Dresden, Valencia and DESY-Hamburg to automatically 
generate the numerical tools that are needed in any 
given SUSY model. This work has lead to the creation 
of FlexibleSUSY that automatically creates a spectrum 
generator in a SUSY model that the user inputs by 
specifying the superpotential, the gauge group and 
the matter content. The spectrum generator can then 
be used to determine the masses of all the states in 
the model, enabling hypotheses to be compared with 
LHC limits and measurements. FlexibleSUSY is publicly 
available at flexiblesusy.hepforge.org and the manual 
(arXiv:1406.2319) has been submitted to Computer 
Physics Communications.

experimental searches

CoEPP has played an active role in ATLAS 
Supersymmetry searches. Jackson and Soni with 
collaborators from Harvard University, developed a 
new kinematic basis, to design more natural, physics 
inspired, variables that permit more sensitive extraction 
of signals through a wide range of mass splittings.  
This analysis technique is now being deployed by 
researchers both in and outside of CoEPP to a variety  
of ATLAS SUSY searches.

Jackson and Lee are preparing for ATLAS data taking in 
Run 2 at the LHC, commencing in 2015, by developing 
triggers to collect hadronic decays in order to search 

“ Supersymmetry is an important theory that offers a simple 
solution to the naturalness problem by pairing all standard 
particles with super-partners. It provides a dark matter 
candidate, and is a unified framework for all matter and forces, 
including gravity, which is not contained in the Standard Model. ”
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for gluino and squark production with jets and missing 
transverse momentum. These triggers will use a new 
set of variables from the “Recursive Jigsaw technique” 
to target searches with missing transverse momentum 
from multiple weakly interacting particles in an event. 
The analysis has been tested in the new ATLAS 
computing model and was presented to the ATLAS 
Supersymmetry group at the “SUSY Workshop” at the 
University of Oxford by White and Lee. Using the variable 
basis from the Recursive Jigsaw technique, Jackson, 
Lee and White performed an analysis searching for 
direct top squark production, decaying into b-jets, 
charged lepton and missing transverse momentum. 
This has been developed and studied using the data 
from 2012. Analysis of the LHC Run 1 data from 2012 
was performed by Jackson and Lee for a final state of 
two b-tagged jets produced in concert with significant 
missing transverse momentum. Using the Recursive 
Jigsaw approach, the analysis is outperforming prior 
techniques used and it was shown that with reduced 
requirements on missing transverse momentum, search 
efficiency can be improved whilst still controlling the 
most pernicious backgrounds from ttbar and Z+jets.

FIGURE 6
Fine tuning measures  
∆BG (bottom), ∆J (middle),  
∆EW (top) in the M0 vs. 
M1/2 plane for A0,κ,λ = 
−2.5 TeV and tan � = 
10 in the constrained 
NMSSM. The colour code 
quantifies the value of ∆BG, 
∆EW and ∆J. � is sampled 
from the range [0,0.8] 
[arXiv:1312.4150v2].

Borgas, Jackson and Kaustubh studied chargino, 
slepton and bottom squark pair final states using 
“Super Razor” variables in the context of the ATLAS 
upgrade. Projections to datasets of 300fb-1 and 3fb-1 
have demonstrated good sensitivity to extending current 
measurements for Phase-II of the experiment.

Jackson and Soni have been leaders in the search for 
displaced vertices occurring in silicon detectors arising 
from heavy long-lived SUSY particles. The signatures 
focused on included a displaced muon search, arising 
from the R-parity violating decay of neutralinos with a λ' 
coupling, and pioneering a search for displaced hadronic 
final states with a λ'' coupling. The analysis will be 
published soon and is being prepared for Run 2 in 2015.

White is devising and leading novel searches at the 
ATLAS detector for the supersymmetric partner of the 
top quark. This particle plays a crucial role in making 
supersymmetric theories natural, and is currently the 
most highly sought after supersymmetric particle. In 
addition, Jackson leads the searches for supersymmetric 
particles decaying into tau leptons.
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INTROdUCTION 

The existence and nature of dark matter is one of the 
major challenges facing modern physics. It is believed 
to account for more than 20 per cent of the energy 
in the universe and yet there is currently no accepted 
explanation for it. Certainly within the Standard Model 
there are no particle candidates and it is only when one 
moves to physics beyond the Standard Model, such as 
Supersymmetry, that possible candidates appear within 
particle physics.

There is a substantial effort being made within CoEPP 
to address this challenge. This work ranges from 
careful analysis of ATLAS experiment data for signs 
of a dark matter signal, to theoretical exploration of 
various beyond the Standard Model (BSM) models for 
promising candidates, to phenomenological work closely 
constrained by existing dark matter searches and LHC 
constraints.

RESEARCH

searches within aTlas

Searching for dark matter produced at the LHC is 
a significant task, as it does not interact with the 
detectors. The presence of dark matter particles created 
at the LHC is inferred by determining if something 
is “missing”. Specifically, events with large missing 
transverse momentum are measured, in which Standard 
Model particles recoil against momentum attributed 
to particles that escape unseen. Brennan, Barberio, 
and McDonald have worked on dark-matter effective 
field theories and simplified models in the mono-Z and 
mono-jet analyses of the ATLAS experiment. Run 1 
results of these analyses were published in Phys. Rev. D 
90:012004 (2014); with researchers now preparing for 
Run 2. Brennan is now the ATLAS contact person for 
dark matter simplified models.

The GamBiT Collaboration

White, Jackson, Athron, Balazs, Farmer and Saavedra 
are founding members of the GAMBIT collaboration, 
an international team of particle astrophysicists and 
statisticians based at institutes including Harvard, 
Imperial College London and Stockholm universities. 
The team are creating a software package capable of 
determining the viability of any new theory of dark matter 
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based on all relevant particle and astrophysics data. 
This includes the development of novel new simulation 
techniques and data mining algorithms, in addition to 
theoretical work on a variety of dark matter models. 
Adelaide hosted a very productive GAMBIT workshop 
in early 2014.

Phenomenology

Scaffidi, White and Williams, working with Chris Savage 
of Stockholm University, have extracted limits on 
spin-dependent dark matter models from the recent 
LUX experiment for the first time and are releasing a 
tool that automates the application of limits from the 
LUX experiment for both spin-dependent and spin-
independent couplings.

Underwood, Athron, White and Thomas have 
constructed a sophisticated software package, which 
calls upon FlexibleSUSY and micrOMEGAs, to explore 
the dark matter cross section for variations of the 
E6SSM consistent with constraints from the LHC as 
well as cosmology. With the capability of searching a 
12-dimensional parameter space automatically, this is  
a powerful way to explore this promising supersymmetric 
extension of the Standard Model.

Beniwal, White and Williams, in collaboration with Pat 
Scott of Imperial College London, have applied a range 
of astrophysical and collider constraints to a series of 
Higgs portal dark matter models, and are generalising 
the work to include UV completions of the most popular 
models. The work includes a detailed study of the 
prospects at the forthcoming Cerenkov Telescope Array 
(CTA) gamma ray experiment. White and Balazs are joint 
recipients (with a list of other Australian authors) of ARC 
funding allowing an Australian consortium to join the CTA 
experiment.

Bell, Cai, Leane and Medina considered a scenario 
where dark matter interacts exclusively with Standard 
Model leptons at tree level, for which direct detection 
and hadron collider signals are suppressed. Taking 
a simple model in which the dark matter interactions 
with leptons are mediated by a leptophilic Z-prime 
boson, direct detection bounds were determined, as 
were current LHC limits and the future discovery reach. 
Despite the absence of direct interactions with quarks, 
this scenario can be strongly constrained. [Phys. Rev. D 
90:035027 (2014)]. Bell, Cai and Medina also completed 



R
ESEAR

C
H

RESEARCH 
39

a collider analysis of co-annihilating dark matter,  
in which there are two dark sector particles of similar 
mass [Phys. Rev. D 89, 115001 (2014)].

CoEPP members also worked on some non-TeV aspects 
of dark matter. Whilst LHC phenomenology was not 
the focus of these papers, the results have implications 
for the viable dark matter parameter space. Bell and 
collaborators examined indirect detection constraints on 
asymmetric dark matter [arXiv:1408.5142]. Baldes, Bell, 
Volkas with Petraki from NIKHEF considered the creation 
of matter-antimatter asymmetries via co-annihilation 
processes, as an alternative to the well-studied out-of-
equilibrium decay process [Phys. Rev. Lett. 113:181601 
(2014); arXiv:1410.0108]. Millar, then applied these ideas 
to the case of asymmetric dark matter. Foot studied 
mirror dark matter from the point of view of cosmology, 
galaxy structure and direct detection [Int. J. Mod. 
Phys. A29:1430013 (2014)] while Foot and Vagnozzi 
completed a similar analysis for the more general 
case of dissipative hidden sector dark matter models 
[arXiv:1409.7174]. Foot also examined whether electron 
scattering can be responsible for the DAMA experiment 
dark-matter annual modulation signal.

Light Higgsinos are a generic feature of natural 
supersymmetric models, providing a well-motivated 
dark matter candidate. Medina demonstrated a novel 
process for producing this kind of dark matter in the 
MSSM, partly inspired by the type I see-saw mechanism 
used for generating neutrino masses, [arXiv:1409.2560]. 
Unlike standard thermal production, which tends to 
undershoot the observed dark matter density, the 
process yields the correct abundance in a natural way. 
The collider phenomenology of Higgsino dark matter 
was studied by Ray and collaborators who investigated 
Higgsinos in the NMSSM, which mix with the singlino 
to provide a viable dark matter particle. Focusing on a 
signature involving three leptons and missing energy, 
their study quantified the expected reach of the LHC 
for this model. [arXiv:1405.3700]. Cai worked on a 
Higgs see-saw model which accounts for neutrino 
mass and also provides a stable dark matter candidate 
[arXiv:1408.6064].

new dark matter models

In JHEP 1408:061 (2014), Balazs, Li and Newstead 
showed that the mass of the dark matter particle 
is less than 88 TeV provided it is produced by the 
standard thermal mechanism, and the Standard 
Model augmented with the dark matter particle can 
be formulated as an effective field theory. Under these 
conditions the corresponding scale of new physics,  
that is responsible for the interactions of the dark matter 

particle, is also below 100 TeV. This result holds for 
a real or complex scalar, Dirac or Majorana fermion,  
and real vector boson dark matter particle. At a time 
when the community is contemplating new colliders  
with centre-of-mass energy up to 100 GeV, this result  
is crucial to build a no-lose theorem for dark matter, 
which would ensure that dark matter particles can be 
produced at some of those colliders.

Balazs and Li challenged a number of simplified dark 
matter models in Phys. Rev. D 90:055026 (2014) and 
showed that, contrary to earlier claims, the gamma ray 
excess around 2–3 GeV from the galactic centre in data 
from the Fermi Gamma-ray Space Telescope (Fermi) can 
be explained with a self-annihilating dark matter particle 
that has a mass in the range of 1–100 GeV at 95 per cent 
confidence level. The data allows this particle to annihilate 
into b-antib or tau-antitau pairs. The initial paper used 
relic abundance and dark matter direct detection. The 
subsequent paper also includes charged cosmic ray, 
cosmic microwave background, and radio astronomy 
data to quantify the feasibility of the claim that the Fermi 
gamma ray excess indeed comes from dark matter.

dark energy

In addition to the challenge of dark matter, the observed 
acceleration of the expansion of the universe can be 
represented in terms of a dark energy content that is even 
larger. In terms of general relativity such a term can be 
represented as a non-zero cosmological constant which is 
far smaller than would naturally occur within the Standard 
Model. In a recent investigation by Nevzorov and Thomas, 
together with Colin Frogatt, University of Glasgow and 
Holger Bech Nielsen, Neils Bohr Institute, it was shown 
that this value of the cosmological constant, as well as 
the small values of the Higgs quartic self-coupling and the 
corresponding beta-function at the Planck scale could 
all originate within super-gravity models with degenerate 
vacua. [Phys. Lett. B. 737:167 (2014)].

FIGURE 7
Upper limits on the dark 
matter scattering cross 
section with nucleons, 
as a function of the dark 
matter mass, inferred 
from the ATLAS mono-Z 
and mono-jet dark matter 
searches. The DM-quark 
interactions are assumed 
to be mediated by the 
spin dependent effective 
operator D9, and the 
limits are compared 
with results from direct 
(COUPP, SIMPLE, 
Picasso) and indirect 
(IceCube) dark matter 
searches.
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Bruce Yabsley

rHd students

Cameron Cuthbert

INTROdUCTION 

One of the most stubborn mysteries in particle physics 
over the past decade has been the nature of the exotic 
mesons. These are particles with some of the properties 
of the charmonia, like the well-known particle “J/ψ”, 
but which are known not to “fit” as charmonium states. 
True charmonia are bound states of a charm quark 
and a charm antiquark: a well-understood system with 
textbook properties. When the J/ψ was discovered in 
1975, it provided the final proof to physicists that quarks 
were real objects, winning the Nobel Prize for Burton 
Richter and Sam Ting. In the years that followed, more 
charmonium states were found, each conforming to the 
expected picture.

The X(3872), a particle discovered in 2003 that decays 
to a J/ψ and several pions, does not fit that picture.  
It is a “charmonium-like” particle, but not a true 
charmonium. While its structure is known to be exotic, 
there is less consensus on what that structure is; some 
possibilities include two mesons bound together, two 
quarks and two antiquarks bound together to make 
a meson, rather than the usual one quark and one 
antiquark, or something else entirely.

In many of these models there would be another exotic 
meson, called the “Xb”, decaying to an Upsilon (Υ) and 
pions. The Υ, discovered in 1977, is a quark-antiquark 
bound state like the J/ψ, but composed of a beauty 
quark and antiquark rather than charm. The hypothetical 
Xb would stand in the same relation to the X(3872) that 
the Υ does to the J/ψ.

RESEARCH

Yabsley and Cuthbert have been searching for evidence 
of an Xb state at ATLAS, searching for decays to Υπ+π–, 
and the ATLAS paper based on their work has recently 
been published [arXiv:1410.4409]. A plot from the 
analysis is shown in Figure 9: while there are peaks 
corresponding to the conventional charmonium states 
Υ(2S) and Υ(3S), both of which are known to decay to 
Υπ+π–, there is no evidence for another peak due to an Xb 
state. The upper limits on Xb production from this analysis 
are the most sensitive to date. The implications of not 
seeing an Xb are still being debated. There are theoretical 
motivations to try looking for an Xb in different ways, but 
these alternative approaches appear difficult (at least on 
the surface) to realise in experiment. This problem will be 
examined by Yabsley and an incoming student in 2015.
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FIGURE 8
The exotic charmonium-
like state X(3872) in data 
from the LHC. This plot 
from CMS shows the 
distribution of invariant 
mass for combinations 
of a J/ψ and a pair of 
oppositely-charged pions, 
π+ and π–. The peak on 
the left shows the well-
known ψ(2S), which was 
the second charmonium 
state to be discovered in 
1975. The peak on the 
right, also shown inset, 
is the X(3872). While the 
X(3872) is now as well-
known and well-studied 
as most of the true 
charmonium states, its 
structure remains a matter 
of debate.

FIGURE 9
Searching for a partner 
for the X(3872). This plot 
from the ATLAS analysis 
of Yabsley and Cuthbert 
shows the distribution 
of invariant mass for 
combinations of an Υ(1S) 
and a pair of oppositely-
charged pions, π+ π–.  
The large peak shows the 
Υ(2S), and the smaller peak 
at 10355 MeV shows the 
Υ(3S): both of these states 
are known to decay to 
Υ(1S)π+π–. No other peaks 
are seen. Yabsley and 
Cuthbert divided the ATLAS 
data into eight groups, 
each with a distribution 
like this one, and analysed 
the results to search for 
evidence of an exotic 
“Xb” state. The limits from 
this search are the most 
sensitive now available.
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rESEArCh COmPuTiNG

INTROdUCTION 

The CoEPP research computing (RC) team is responsible 
for meeting the large scale computing requirements 
needed by international collaborations and local CoEPP 
researchers to achieve world leading scientific outcomes. 
Through the management of petabytes of data storage, 
the operation of thousands of computer cores and 
the expertise in providing scientists secure access to 
computing resources, the RC team is an enabler for 
CoEPP's scientific discovery and research.

The research computing team experienced another 
incredibly successful year of service and project delivery 
in 2014. It was a year in which CoEPP's grid reliability 
ranked first among all ATLAS WLCG (Worldwide 
LHC computing Grid) sites and the NeCTAR-CoEPP 
Cloud project completed all objectives and was made 
operational. These achievements came despite the large 
staff transition costs caused by the departure of six team 
members and the commencement of two new staff 
members. 

CoEPP’s research computing team continued to 
build strong ties with the Australian government's key 
computing research infrastructure providers, including 
AARNET (Australian Academic and Research Network) 
for all CoEPP's network connectivity; NeCTAR Research 
Cloud for on-demand cloud computing; and RDSI 
(Research Data Storage Infrastructure) for the storage 
of large data set. These relationships are vital since 
CoEPP's growth in computing and storage capabilities 
will move away from its current dedicated hardware 
platforms to the shared resources model encouraged 
by the Australian Federal Government.

GRId COmPUTING

The CoEPP Australia-ATLAS Worldwide LHC Computing 
Grid (WLCG) site finished the year as the most reliable 
of the 84 ATLAS Tier 2 sites on the grid. The research 
computing servers and storage resources were 99.76 
per cent reliable on all WLCG critical service checks. 
This is an outstanding result for the research computing 
team and the culmination of years of infrastructure 
improvements, a deep understanding of the grid 
middleware technology, and the nurturing of international 
collaborations and relationships. 

The CoEPP grid computing clusters successfully 
completed 2.5 million grid jobs during the calendar year 
2014. Contributing around 1.5 per cent of the required 
ATLAS Tier 2 grid computing capability. CoEPP storage 
systems received 750TB of international data and 
transferred 840TB of data back to the US and CERN.

Both the compute and storage components of the 
CoEPP grid site were upgraded during 2014. It added 
320TB of new disk servers growing the total grid 
storage to 920TB with 70 TB dedicated to Australian 
researchers. The compute cluster was expanded by 128 
cores giving a total batch capacity of 920 CPU cores.

LOCAL COEPP COmPUTING

Providing CoEPP researchers with local computing 
resources is as important a role for the RC team as 
the contributions made to the WLCG. Working closely 
with the physicists ensures that the science outcomes 
are produced in a timely and efficient manner while 
minimising frustrations caused by complex computing 
systems.

In 2015 much effort was spent on provisioning the merit 
allocations for storage and compute from the RDSI and 
NeCTAR grants. This involved liaising with five different 
project teams from each of the state based service 
providers to ensure CoEPP's computing requirements 
were understood. The RC team implemented an 
Australian Xrootd federation in addition to the RDSI 
storage allocations to provide immediate access to new 
storage, and ran a series of workshops to demonstrate 
how to use it.

INFRASTRUCTURE

Achieving a high grid site reliability and availability is only 
possible when the underlying hardware and software 
layers are well managed and monitored and all the 
supporting infrastructure is maintained. To this end the 
RC team works closely with the exceptionally supportive 
and responsive University of Melbourne ITS Data Centre 
and Network teams. In 2014 two virtualisation farm 
hosts were upgraded, providing more memory and 
CPU to the core infrastructure services. The network 
quality monitoring service, known as perfsonar, was also 
replaced with two new servers.
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CLOUd PROjECT

The Australian NeCTAR Research Cloud is now an 
integral part of the CoEPP computing landscape.  
At the start of 2014 the CoEPP RC cloud team 
completed all their project objectives and submitted  
their final report to the NeCTAR governance board.  
The actual CoEPP cloud resource allocation was handed 
over to the core RC team for ongoing operational 
support and is to supplement both Tier 2 and Tier 3 
batch system resources.
  
The cloud CPU cores dedicated to ATLAS Tier 2 work 
completed over 500,000 grid jobs in 2014, providing 
valuable additional capacity to the Australian contribution 
for the 2014 production and analysis campaigns.  

The local CoEPP researchers have fully adopted and 
incorporated the Tier 3 cloud resources into their 
research workflows, providing them with up to 12 times 
the computing capability of the dedicated hardware. The 
team has made a number of presentations at conferences 
describing this work (for example: "Integration of Cloud, 
Grid, and Local Cluster Resources in Australia”, Joanna 
Huang, Lucien Boland, Paul Coddington, Sean Crosby, 
Antonio Limosani, Martin Sevior, Ross Wilson, Shunde 
Zhang. ISGC, Taiwan, April 2014).

RESEARCH COmPUTING IN 2015

2015 will be another exciting year for the research 
computing team as the LHC long shutdown 1 (LS1) 
comes to an end and real ATLAS experimental data 
capture begins again in earnest for Run 2. The WLCG 
will be pushed to its operational limits and the new 
and improved middleware services tested to their 
design capacity. The most significant enhancements 
to the grid infrastructure during LS1, which will need 
careful monitoring, include the new ATLAS workload 
management system, BigPanDA, and the ATLAS 
distributed data management system, Rucio.

The team are also building a new Cloud Cluster system 
called “Dynamic Cluster”. This project will refactor 
“Dynamic Torque” to enable systems to employ different 
batch queues and additional Cloud infrastructure such 
as Amazon Web Services. This work is partly supported 
by a $10K grant from Amazon.

For local CoEPP researchers, 2015 will see storage 
platform improvements and capacity increases, making 
it quicker and easier to access more data sets from 
the local compute batch systems. The ongoing push 
to shared federal cloud and storage resources will also 
continue apace with improvements to accessibility and 
performance. The implementation of “Dynamic Cluster” 
will enable us to efficiently utilize federally supplied 
resources and to manage our systems so that resources 
not required for our pledged contributions to ATLAS can 
be employed by our local researchers. 

The research computing team will continue to maximise 
access to the data and resources that CoEPP 
researchers need achieve their world leading scientific 
discoveries and to help the Australian high-energy 
physics community to effectively contribute to world 
leading experiments and discoveries. We will also 
continue develop interesting new technologies such as 
Dynamic Cluster. Finally the success of the RC team is 
recognised by the wider Australian Research Computing 
community who are adopting our solutions for their own 
Cloud and batch computing needs. 

“ In 2014, the CoEPP  
Australia-ATLAS Worldwide 
LHC Computing Grid (WLCG)  
site was the most reliable of  
all 84 ATLAS Tier 2 grid sites, 
successfully completing 2.5 
million grid jobs. ”

FIGURE 10
Availability and reliability 
performance of Australia-
ATLAS Tier-2 for ATLAS-
critical probes in 2014.
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COllAbOrATiONS 
In addition to participation in large-scale 

collaborations, CoEPP researchers collaborate 

with individuals on specific research areas 

and projects. These collaborative relationships 

span the globe and are listed below.

albert-ludwigs-university freiburg, Germany

dr martin flechl
Energy scale calibration of hadronic tau decays 
for the ATLAS detector.
Tau lepton identification correction factor study 
in the ATLAS experiment.

Prof Karl Jakobs
Higgs to tau tau.

anu, Canberra 

B. J. menadue
Lattice studies.

Beijing institute for Theoretical Physics, China;  
and Texas a-m university, usa

Prof Tianjun li
Supersymmetric model building with composite states, 
supersymmetric unification of all forces, new dark matter 
candidates, new Higgs particles.

Brookhaven national laboratory, usa

dr elke-Caroline aschenauer
Studying the spin structure of nucleon in experiments 
at JLab and planned Electron-Ion Collider.

Prof sally dawson
CP violating processes at the LHC.

Prof amarjit soni
Flavour-violating Higgs; and top-quark forward-
backward asymmetry.

Budker institute of nuclear Physics, russia

dr Zurab silagadze
Using mirror dark matter to explain the observed 
alignment of the dwarf spheroidal galaxies associated 
with the Milky Way and M31 galaxies.

Calcutta university, india

Prof anirban Kundu
Constraints on supersymmetric models.

university of southern denmark, denmark

dr ian shoemaker
Dark matter indirect detection.

Cern, switzerland

dr Tancredi Carli
Top quark differential distributions in the ATLAS 
experiment.

dr Hiroshi de sandes
Composite Higgs models.

Chulalongkorn university, Thailand

dr adisorn adulpravitchai
A minimal model explaining neutrino mass, dark matter 
and the matter-/anti-matter asymmetry of the Universe.

College of William and mary, usa

Prof marc sher
Exceptional Supersymmetric Standard Model.

desy, Germany

dr mykhailo lisovyi
Simultaneous measurements of Standard Model cross-
sections at the ATLAS experiment.

Professor Gerrit schierholz
Lattice studies.

duke university, usa

Chen Zhou
Search for Upsilon production in association with a weak 
vector boson.
Simultaneous measurements of Standard Model cross-
sections at the ATLAS experiment.

dr doug Benjamin
Inclusive dilepton analyses in ATLAS (AIDA).
Simultaneous measurement of Standard Model cross-
sections in the ATLAS experiment.

Prof mark Kruse
Inclusive dilepton analyses in ATLAS (AIDA).
Search for Upsilon production in association with a weak 
vector boson.
Simultaneous measurement of Standard Model cross-
sections in the ATLAS experiment.
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durham university, uK

dr Peter Ballett
Testing atmospheric mixing sum rules at precision 
neutrino facilities.

Prof silvia Pascoli
Testing atmospheric mixing sum rules at precision 
neutrino facilities.

edinburgh university, uK 

r. Horsley
Lattice studies.

fermilab, usa

dr felix yu
Higgs invisible decay.

Glasgow university, uK 

Prof Colin d. froggatt
Cosmological constant.

Harvard university, usa

dr Christopher rogan
Kinematic variables for discovery of new physics and 
development of new ATLAS analysis techniques.

dr david lópez mateos
Light-quark and gluon jet discrimination.

Harish-Chandra research institute, india

dr ujjal Kumar dey
Higgs couplings in extra-dimensions.

iHeP, Beijing, PrC

x.G. Wang 
Chiral physics.

indiana university, usa

dr Jonathan Hall
Direct detection of dark matter in the E6SSM.

infn, italy

dr ada farilla
Higgs boson study through the WW channel in the 
ATLAS experiment.

dr michela Biglietti
Higgs boson study through the WW channel in the 
ATLAS experiment.

dr antonio Baroncelli
Higgs boson study through the WW channel in the 
ATLAS experiment.

Prof Paola Giannetti
Fast Tracker project in the ATLAS experiment.

infn, italy and yerevan Physics institute, armenia

dr aram Kotzinian
Exploring spin effects in semi-inclusive deep inelastic 
reactions.
Transverse momentum physics.

institute for Kernphysik, mainz, Germany

felix erben
Mass splitting.

institute of High energy Physics austrian academy 
of sciences, austria

dr Christian irmler
The assembling of the silicon vertex detector of Belle II 
detector.

instituto de fisica Teorica, spain

dr Jong-soo Kim
NMSSM models.

iowa state university, usa

Prof david atwood
Flavour-violating Higgs; and top-quark forward-
backward asymmetry.

Prof German valencia
CP violating processes at the LHC.

Institute de Physique Theorique, CEA-Saclay, France

dr enrico Bertuzzo
Composite Higgs models.

Prof Carlos savoy
Composite Higgs models.

JCHP, Julich and regensburg university, Germany

Prof dr dirk Pleiter 
Lattice studies.

Karlsruhe institute of Technology, Germany

dr Kathrin Walz
Natural Supersymmetry and SUSY Higgs  
(Next-to-minimal Supersymmetric Standard Model)

dr margarete mühlleitner.
Natural Supersymmetry and SUSY Higgs  
(Next-to-minimal Supersymmetric Standard Model).

KeK, Japan

Prof Kaoru Hagiwara
Tau lepton polarization.
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KiTPC, China

Prof Jin min yang
Detection of Higgsinos within the natural MSSM at the 
high-luminosity LHC.
Supersymmetric model building with composite states, 
supersymmetric unification of all forces, new dark matter 
candidates, new Higgs particles.

Kyoto sangyo university, Japan

dr Hiroaki sugiyama
Development of a simulation for the coloured Zee-Babu 
neutrino mass model.

laboratoire de l’acelerateur lineaire, france

dr marumi Kado
Higgs analysis.

lawrence Berkeley national laboratory, usa

dr mike Hance
Search for new physics in events with charged 
multilepton final states at ATLAS.

dr rustem ospanov
Higgs to mu mu.

dr sasha Pranko
Higgs to tau tau.

dr Zach marshall
Development of searches for new physics with Super 
Razor Variables.
Light-quark and gluon jet discrimination.

liverpool university, department of mathematics, uK

dr Paul rakow
Lattice studies.

mcGill university, Canada

dr Pat scott
Indirect detection constraints for phenomenological dark 
matter scenarios.
New simulation framework for particle phenomenology.

monash university, australia

Keven rev
Flavour-violating supersymmetry.

max Plank institute for Kernphysik, Germany

dr martin Holthausen
A solution of the strong CP problem in the context  
of discrete flavour symmetries.

nCTs, Hsinchu, and national Taiwan university, Taiwan

Prof xiao-Gang He
Physics beyond the Standard Model.

neils Bohr institute, denmark

Prof Holger Bech nielsen
Cosmological constant.

nexT institute, university of southampton, uK

Prof stefano moretti
Exceptional Supersymmetric Standard Model.

niKHef, netherlands

dr Pier-olivier deviveiros
Search for new physics in events with charged 
multilepton final states at ATLAS.

dr Kalliopi Petraki
Dark matter models and neutron star constraints  
on dark matter.
Dark matter models including collider implications.

northeastern university, usa

dr Baris altunkaynak
Sparticle hierarchies in SUSY.

oskar Klein Centre, sweden

dr abram Krislock
New simulation framework for particle phenomenology
New techniques for simplified model combinations.

Physics division, argonne national laboratory, usa

dr ian C. Cloët
Proton structure and symmetry breaking.

Pisa university, italy

a/ Prof Chiara roda
Study of the tau triggering in the ATLAS experiment.

riKen aiCs, Kobe, Japan

dr yoshifumi nakamura
Lattice studies. 

roma Tre university, italy

Prof domizia orestano
Higgs boson study through the WW channel in the 
ATLAS experiment.

rutgers university, usa

dr nathaniel Craig
Supersymmetric twin Higgs models.

rutherford appleton laboratory, uK

dr Bruce Gallop
ATLAS semiconductor readout electronics hardware 
and software.
Data acquisition for the ATLAS silicon-strip tracker.
Semiconductor Tracker (SCT) Data Acquisition software 
and hardware development.
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sinP, india

Pritibhajan Byakti
Gauge Mediated Supersymmetry Breaking  
(GMSB) models.

Prof Gautam Bhattacharyya
Constraints on supersymmetric models.

sissa, Trieste, italy

dr andre de simone
Simplified models of dark matter at the LHC.

dr Benedict von Harling
Non-minimal supersymmetric models and Higgs 
couplings.

stanford university, usa

Prof savas dimopoulos
Naturalness in supersymmetric models.

stanford university/ slaC, usa

dr martin Kocian
ATLAS semiconductor readout electronics hardware 
and software.
Readout electronics hardware and software.

maximilian swiatlowski
Light-quark and gluon jet discrimination and ATLAS 
supersymmetry searches in multijet final states.

Prof dong su
Readout electronics hardware and software.

Technische universitaet dresden, Germany

Prof axel voigt
Flexible Supersymmetry.
Next-to-Minimal Softsusy.

Prof dominik stoeckinger
Flexible Supersymmetry.

The niels Bohr institute, denmark

a/ Prof stefania xella
Energy scale calibration of hadronic tau decays for the 
ATLAS detector.
Higgs boson study through the tau pair decay channel 
and associated production mode in ATLAS.
Tau lepton identification correction factor study in the 
ATLAS experiment.
Tau performances.

Prof Holger B. nielsen
Dark energy, the cosmological constant problem, 
the vacuum energy problem.
Supergravity models with degenerate vacua and dark 
energy density.
Two Higgs doublet extension of the Standard Model.

Thomas Jefferson National Accelerator Facility, USA

dr Harut avakian
Studying the spin structure of nucleon in experiments 
at JLab and planned Electron-Ion Collider.

Tokai university, Hiratsuka, Japan

W. Bentz
Proton structure and symmetry breaking. 

Prof Wolfgang Bentz
Modelling quark hadronisation process.

university of Basel, switzerland

Prof. stefan antusch
A solution of the strong CP problem in the context 
of discrete flavour symmetries.

university of Karlsruhe, Germany

dr martin spinrath
A solution of the strong CP problem in the context 
of discrete flavour symmetries.

university of siegen, Germany

dr Christop luhn
Testing atmospheric mixing sum rules at precision 
neutrino facilities.

university College london, uK

matt Warren
ATLAS semiconductor readout electronics hardware 
and software.

university of adelaide, australia

dr Paul Coddington
Distributed data storage solutions for high-energy 
particle physics in Australia.

dr shunde Zhang
Distributed data storage solutions for high-energy 
particle physics in Australia.

ross Wilson
Distributed data storage solutions for high-energy 
particle physics in Australia.

university of arizona, usa

Prof shufang su
MSSM/NMSSM Higgs sector in light of Higgs discovery. 
Exotic Higgs production/decay.

university of Bern, switzerland

dr lewis Tunstall
Next-to-Minimal Softsusy.
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university of Bonn, Germany

dr Jochen dinfelder
Tau performances.

dr Philip Bechtle
ATLAS supersymmetry searches in tau final states.

dr Will davey
Tau lepton identification correction factor study in the 
ATLAS experiment.
Tau performance studies in ATLAS.
The search for high-mass resonances decaying into 
two taus final states for the ATLAS experiment.

Prof Klaus desch
ATLAS supersymmetry searches in tau final states.

Steffen Schape
ATLAS supersymmetry searches in tau final states.

university of Cambridge, uK

dr david robinson
Semiconductor Tracker (SCT) Data Acquisition software 
and hardware development.

dr nick Barlow
Search for long-lived particles with ATLAS detector
Searches for displaced vertices.

dr sky french
ATLAS searches for supersymmetric top quarks

Prof Benjamin allanach
Next-to-Minimal Softsusy.

university of Chicago, usa

dr david miller
Boosted objects for new physics searches.

Prof david W. miller
ATLAS supersymmetry searches in multijet final states.

Prof lian-tao Wang
MSSM/NMSSM Higgs sector in light of Higgs discovery.

Prof mel shochet
Fast Tracker project in the ATLAS experiment.

university of Connecticut, usa

Prof fedor Bezrukov
Higgs inflation.

university of Geneva, switzerland

Dr Thomas Jacques
Simplified models of dark matter at the LHC.

dr Will Bell
Top quark differential distributions in the ATLAS 
experiment; Co-supervised graduate student Ian Watson.

Prof allan Clark
Top quark differential distributions in the ATLAS 
experiment; Co-supervised graduate student Ian Watson.

Prof antonio riotto
Simplified models of dark matter at the LHC.

Prof Tobias Golling
ATLAS supersymmetry searches in multijet final states.

university of Glasgow, uK

dr andy Buckley
New simulation framework for particle phenomenology.
New techniques for simplified model combinations.

dr david J. miller
Exceptional Supersymmetric Standard Model.

dr James ferrando
Simultaneous measurements of standard model cross 
sections at the ATLAS experiment.

Prof Colin froggatt
Supergravity models with degenerate vacua and dark 
energy density.
Two Higgs doublet extension of the Standard Model.

university of Hamburg, Germany

dr H. stüben
Lattice studies.

university of Hawaii, usa

Prof sandip Pakvasa
Exceptional Supersymmetric Standard Model.

university of Kentucky, usa

dr Guiyu Huang
Collider test of selected seesaw mechanisms 
of neutrino masses.

University of L’Aquila and LNGS Gran Sasso, Italy

Prof Zurab Berezhiani
Aspects of photon-hidden photon mixing.

university of lancaster, uK

ernestas Pukartas
Supersymmetric dark matter properties and detection 
prospects, matter-antimatter asymmetry and inflation 
in various supersymmetric Scenarios.

Prof anupam mazumdar
Supersymmetric dark matter properties and detection 
prospects, matter-antimatter asymmetry and inflation 
in various supersymmetric Scenarios.

university of louisiana at lafayette, usa

dr James dent
Dark matter at the LHC.



R
ESEAR

C
H

RESEARCH 
49

university of milan, italy

dr attilio andreazza
Tau lepton identification correction factor study in the 
ATLAS experiment.
Tau performance studies in ATLAS.

university of oklahoma, usa

Prof Pran nath
Sparticle hierarchies in SUSY.

university of oslo, norway

a/ Prof are raklev
New methods for fast supersymmetric cross-section 
calculations.

anders Kvellestad
New methods for fast supersymmetric cross-section 
calculations.

university of Pennsylvania, usa

Prof mark Trodden
The astroparticle/collider physics connection.

university of Pittsburgh, usa

Prof Tao Han
Collider test of selected seesaw mechanisms of  
neutrino masses.
MSSM/NMSSM Higgs sector in light of Higgs discovery; 
Origin of neutrino mass at Daya Bay and LHC.

university of southampton, uK

Prof steve King
Exceptional Supersymmetric Standard Model.
Natural Supersymmetry and SUSY Higgs 
(Next-to-minimal Supersymmetric Standard Model).
Testing atmospheric mixing sum rules at precision 
neutrino facilities.

university of sussex, uK

dr fabrizio salvatore
Search for SUSY with taus.

university of valencia, spain

dr Jae-hyeon Park
Flexible Supersymmetry.

university of victoria, Canada

Prof robert v. Kowalewski
Missing transverse energy high level trigger study for 
the ATLAS detector.

university of vienna, austria

Prof Christoph schwanda
Leptonic and semileptonic decays of B mesons.

university of Warwick, uK

dr matthew Beckingham
Tau trigger data quality monitoring in the ATLAS 
experiment.

Center for neutrino Physics, virginia Tech, and 
Center for Cosmology, university of California, usa

dr shunsaku Horiuchi
Dark matter indirect detection.

vanderbuilt university, usa

Prof Thomas Weiler
Dark matter at the LHC.

vrije universiteit Brussel, Belgium

dr Kentarou mawatari
Tau lepton polarization. Spin/CP of Higgs at ILC.

yale university, usa

a/ Prof sarah demers
Higgs boson study through the tau pair decay channel 
and associated production mode in ATLAS.

dr ford Garberson
ATLAS supersymmetry searches in multijet final states.

Zhengzhou university, China

Prof fei Wang
Supersymmetric model building with composite states, 
supersymmetric unification of all forces, new dark matter 
candidates, new Higgs particles.
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rESEArCh fACiliTiES
CoEPP experimentalists work in large 

collaborations that are based at major  

high-energy physics laboratories. 

By far the largest research facility used by Centre 
researchers is the giant accelerator complex at CERN 
comprising the Large Hadron Collider (LHC) facility. 
Through participation in the ATLAS experiment, the 
LHC is effectively used by the team at CoEPP. CoEPP 
facilities also include the Australian-ATLAS Tier 2 grid 
site, which is based at the University of Melbourne 
node. Centre members are also involved in the Belle 
II collaboration at KEK, the High Energy Accelerator 
Research Organisation, based in Tsukuba, Japan.

ATLAS AT THE LARGE HAdRON COLLIdER, CERN

Founded in 1954, the CERN laboratory sits astride 
the Franco-Swiss border near Geneva. It was one of 
Europe's first joint ventures and now has 21 member 
states. The researchers within CoEPP are able to 
access and use the CERN facilities through a formal 
Co-operation Agreement between CERN and Australia, 
which has been in place since August 1991.

The ATLAS detector is one of two general-purpose 
detectors at the LHC. It investigates a wide range of 
physics, from the search for the Higgs boson to extra 
dimensions and particles that could make up dark matter.

Beams of particles from the LHC collide at the centre 
of the ATLAS detector making collision debris which fly 
out from the collision point in all directions. Most of the 
debris which flies out into the detector is composed of 
long-lived, well-known Standard Model particles. These 
we hope are in some cases the daughters coming 
from decays of new particles. In general, the collisions 
are mostly proton-proton, however at specific periods, 
heavy-ion collisions are included (typically lead ions). Six 
different detecting subsystems arranged in layers around 
the collision point record the paths, momentum, and 
energy of the particles, allowing them to be individually 
identified. Two huge magnet systems bends the paths 
of charged particles so that their momenta can be 
measured.

The interactions in the ATLAS detector create an 
enormous flow of data. To digest the data, ATLAS uses 
an advanced “trigger” system to tell the detector which 
events to record and which to ignore. Complex data-
acquisition and computing systems are then used to 
analyse the collision events recorded. At 46 metres long, 
25 metres high and 25 metres wide, the 7000-tonne 
ATLAS detector is the largest volume particle detector 
ever constructed. It sits in a cavern 100 metres below 
ground near the main CERN site, close to the village of 
Meyrin in Switzerland.

CoEPP scientists were involved in the design and 
construction of the detector, in particular the silicon 
tracker. CoEPP researchers take shifts at CERN in order 
to help operate the detector; undertake data analysis, 
and are involved in work on the trigger system and 
detector research.
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WORLdWIdE LHC COmPUTING GRId (WLCG)

WLCG is a collaboration of more than 150 computing 
centres in nearly 40 countries, linking up national and 
international grid infrastructures. It provides computing 
resources to store, distribute and analyse the incredible 
amount of data created by the LHC. The WLCG is 
made up of different ‘tiers’ of computing centres, 
which are classified according to their storage and 
analysis capacities. ‘Tier 0’ is located at the CERN 
computing centre and acts as the initial data repository 
and processing facility for all LHC data captured by 
the experiments. Tiers 1 and 2 are sizeable computing 
centres where most of the physics analysis takes place 
and where derived experimental data is stored. Tier 3s are 
smaller dedicated facilities used by local researchers. The 
Australian ATLAS Tier 2 grid site is housed in Queensberry 
Street Data Hall 2 at the University of Melbourne and is 
comprised of 920 CPUs and provides 850 terabytes of 
grid storage. Australia also operates three Tier 3 clusters 
with a combined storage of 112 terabytes, located in 
Adelaide, Melbourne and Sydney universities.

mELBOURNE EPP LABORATORy

The Melbourne University School of Physics 
Experimental Particle Physics (EPP) Laboratory  
is a facility that has been developed over the past 15 
years. It was used extensively in the development of  
the Semiconductor tracker (SCT) assembly for ATLAS. 

Work in this laboratory includes precision assembly  
of DSSD assemblies and Silicon Vertex Detectors and 
current work encompasses projects associated with 
the Belle II experiment in Japan.

The facilities include:
  Class 1000 Clean-room space (~100m2)
 Grey Room space of a further 80m2
  Wire bonders and micro manipulators for  

precision assembly
 Robotic glue dispensers 
 3D measuring systems
 Precision testing and measurement systems
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ASSOCiATED ACTiviTiES
CoEPP researchers participate in particle-

physics activities beyond the core program 

of the current Centre. 

These activities develop relationships and networks with 
major international research centres and programs, and gain 
recognition for Australian research. One such project is the 
“Belle II” experiment located at the Japanese High-Energy 
Accelerator Research Organisation (KEK) in Tsukuba.

BELLE II

For the past two decades, the Universities of Melbourne 
and Sydney have enjoyed fruitful participation in the 
international Belle II experiment and its predecessor 
Belle. The Australian contribution is highly valued, with 
membership on both of the experiment executive boards –  
Barberio (past), Urquijo, Sevior (current). In 2014, 
Adelaide joined the national effort on Belle II.

The Belle II detector is situated on the SuperKEKB 
collider, which will produce billions of electron-positron 
(e–e+) collision events per year, and hence billions of pairs 
of heavy quark (b, c) and tau lepton pairs. Belle II will 
observe and record the products of these collisions to 
search for new physics at the high-intensity frontier. It is 
capable of looking for very rare processes, possibly due 
to the presence of new particles of very high mass or 
small coupling not accessible at the LHC. Belle II is under 
construction and is expected to start taking data in 2017.

The Australian groups have taken leading roles in the 
construction of Belle II, including the Silicon Vertex 
Detector (SVD), the High Level Trigger (HLT) system, 
and Belle II grid computing.

  The SVD fabrication mechanics for the innermost 
layer were developed in Melbourne in 2014, building 
on extensive experience in ATLAS and Belle 
(Baroncelli, Taylor, Volpi, Williams, Webb). The group 
is working towards full ladder assembly in 2015, 
supported by Sydney and Adelaide.

  The software framework of the HLT and associated 
data quality management was developed in 
Melbourne (Li, Urquijo). It is being readied for collision 
data taking as early as 2016.

  The Belle II computing grid and associated 
applications for analysis are being developed in 
Melbourne (Bloomfield, Hsu, Kahn, Sevior, Shepperd).

As physics coordinator, Urquijo leads the Belle II physics 
program, which has 650 collaborators. He developed 
the experiment’s strategies for first physics data; initiates 
and chairs an international workshop series with leading 
theorists on the physics of Belle II, and developed core 
analysis software with Jaeger and Pesantez.

Whilst the previous experiment – Belle – is no longer 
taking data, analysis of Belle’s uniquely large dataset 
is ongoing, with Australian groups playing key roles: 
Urquijo and Sevior lead the CKM and Hadronic B decay 
groups respectively. Barberio was former CKM convenor 
and Yabsley was former charm convenor. The groups 
wrote numerous refereed journal publications in 2014, 
on semileptonic and leptonic B(s) decays (Sibidanov, 
Urquijo, Varvell), radiative B decays (Pesantez, Urquijo), 
and hadronic B decays (Julius, Sevior). Many new 
analyses commenced in 2014, including studies of 
CP violation in hadronic B decays (Bloomfield, Hsu), 
searches for dark photons and dark matter (Guenther), 
and new physics in semileptonic B decays (Waheed).

BELOW
The Belle II detector at 
the upgraded accelerator 
SuperKEKB.
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Dr.
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Postdoctoral Researcher
University of Melbourne

Mr.
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Ms.
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Ms.
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PhD 
University of Melbourne

Ms.
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Masters 
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Mr.
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Masters 
University of Melbourne

Mr.
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Masters 
University of Melbourne

Mr.
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Masters
University of Melbourne

Mr.
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Masters 
University of Melbourne

Ms.
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Honours 
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Mr.
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Engineer  
University of Melbourne

Mr.
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Masters  
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Mr.
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PhD 
University of Melbourne

Ms.
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PhD 
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Elisabetta Barberio
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Martin Sevior
Alexei Sibidanov
Geoffrey Taylor

Phillip Urquijo
Kevin Varvell
Matteo Volpi
Bruce Yabsley
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CENTrE WOrkShOPS
COEPP ANNUAL SCIENTIFIC WORkSHOP 2014
18–21 FEBRUARy 2014
NOvOTEL NORTH BEACH HOTEL,  
WOLLONGONG, NSW

The Centre’s annual scientific workshops are organised 
in rotation across the nodes. They are designed to 
provide opportunities for collaboration, education and 
planning. In 2014 the Sydney node organised the 
workshop at Wollongong in coastal NSW where CoEPP 
researchers, staff and partner investigators converged to 
discuss latest developments in particle physics research 
and the common goals of the Centre.

2014 saw a new innovation for the Centre where the 
first two days of the workshop consisted of a separate 
summer school at the University of Sydney for new 
Centre students. At the summer school, 32 new 
Honours, Masters and PhD students were presented 
with lectures and tutorials on a range of key subjects 
including an introduction to the Standard Model, 
principles of particle detectors, the Large Hadron 
Collider phenomenology, Monte Carlo techniques and 
measurements and properties of the Higgs-like boson. 
The summer school was a great success where all 
students received a sound footing to their studies.

Following the summer school students then travelled 
down to Wollongong by coach to join with all others from 
the Centre who were assembling for the workshop. 

The workshop opened with a talk by Prof Marumi Kado 
on the topic of New Physics and the Higgs in Run 
2 followed by further talks on the Higgs Experiment 
and Higgs theory by Centre students and postdocs. 
Further talks over the next two days focused on 
ATLAS Semiconductor Tracker Data Acquisition, the 
Fast Tracker project, composite Higgs models, SUSY 
and exotics, neutrino mass generation, inflationary 
baryogenisis, the strange proton and the astrophysics 
of dark matter particles.

CoEPP holds a Centre-wide workshop each 

year for all its members – from research 

students to chief investigators. The Centre 

also holds workshops during the year that 

focus on specific research areas.

BELOW
Katie Mack at the 2014 
CoEPP annual scientific 
workshop.

LEFT
Dylan Harries (left) and 
Bruce Yabsley (right) at 
the 2014 CoEPP annual 
scientific workshop poster 
session.
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COEPP-CAASTRO dARk mATTER WORkSHOP 2014
28–30 SEPTEmBER 2014
SEPPELT WINERy, GREAT WESTERN, vIC

Program coordinators

Jeremy Mould, Elisabetta Barberio, Anthony Williams, 
Claudia Tomei, Katie Mack and David Parkinson.

Participants

Sujeet Akula, Cassandra Avram, Csaba Balazs, Iason 
Baldes, Elisabetta Barberio, James Barnard, Nicole 
Bell, Yi Cai, Jackson Clarke, Davide D'Angelo (INFN), 
Tamara Davis, Joshua Ellis, Alison Flynn, Robert Foot, 
Sudhir Kumar Gupta, Gary Hill, Giancarlo Piredda (INFN), 
Katharine Kelley, Rebecca Leane, Geraint Lewis, Tong 
Li, Edward Macaulay, Katherine Mack, Antonio Masiero 
(INFN), Millie McDonald, Jeremy Mould, Oscar Moze, 
Stephen Parker, Stefano Ragazzi (INFN), Chris Power, 
Claudia Tomei (INFN), Christian Reichardt, Gavin Rowell, 
Tristan Ruggeri, Christopher Savage, Andre Scaffidi, 
Brian Schmidt, Michael Schmidt, Sarah Schon, Martin 
Sevior, Manoj Kaplinghat, Timothy Trott, Phillip Urquijo, 
Sunny Vagnozzi, Kevin Varvell, Ray Volkas, Matteo Volpi, 
Anthony Williams, Ross Young, Daniele Zanzi.

This second joint CoEPP-CAASTRO workshop was 
devoted to dark matter physics and detection of dark 
matter. It was also a follow-up from the bilateral Italian-
Australian workshop held in 2012, where it was resolved, 
in the light of dark matter searches underway in the Gran 
Sasso laboratory in Italy, to pursue the potential for a 
southern hemisphere partner to these efforts in Australia. 
Representatives from CoEPP, CAASTRO and Istituto 
Nazionale di Fisica Nucleare (INFN) attended to give 
updates on theoretical and astrophysical constraints, 
dark matter models, direct and indirect detection 
experiments and the proposed dark matter experiment 
at the Stawell Gold Mine.

The Friday morning of the workshop consisted of 
a series of talks looking to the future, including the 
potential for a dark matter underground laboratory 
in Australia, future ATLAS upgrade activities and a 
presentation by Prof Geoff Taylor looking at future 
CoEPP activities for 2014.

In amongst these activities were opportunities for students 
and postdocs within the Centre to meet informally with 
their peers from across the nodes, to more broadly 
foster the already strong links between experimental 
and theoretical researchers across the Centre and 
plan for future collaborations and research projects. In 
addition to the research activities at the workshop the 
administration team also met to formulate new processes 
for the collection of the Centre KPI data, review financial 
reporting, and plan for future outreach activities.

The workshop concluded on the Friday week with a joint 
Executive and Advisory Board meeting, which included 
Centre academic staff. This meeting gave an opportunity 
for broad discussion on Centre activities. It greatly 
benefited Centre members to have direct discussion with 
the Advisory Board. One of the key points for discussion 
was the Centre mid-term review to be held in November 
2014. Planning commenced for the review in late 
2013 and input from this meeting helped focus further 
preparatory activities.

ABOvE
Laurence Spiller (left) and 
Marumi Kado (right) at 
the 2014 CoEPP annual 
scientific workshop poster 
session.

RIGHT
INFN Vice President 
Antonio Masiero during 
a visit to the Stawell Gold 
Mine – the proposed site 
for Australia’s first direct-
detection dark matter 
experiment.

FAR RIGHT
Gran Sasso Director 
Stefano Ragazzi at 
the CoEPP-CAASTRO 
workshop.
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GAmBIT WORkSHOP
23–28 mARCH 2014
UNIvERSITy OF AdELAIdE, SA

Program coordinators

Peter Athron, Paul Jackson, Martin White

Participants

Peter Athron, Csaba Balazs, Andy Buckley, Jonathan 
M. Cornell, Lars A. Dal, Ben Farmer, Christopher Rogan, 
Paul Jackson, Abram Krislock, Anders Kvellestad, 
Gregory Martinez, Are Raklev, Aldo Saavedra, 
Christopher Savage, Pat Scott, Christoph Weniger, 
Martin White.

The GAMBIT collaboration is a team of ~25 particle 
physicists, astrophysicists and statisticians based at 
institutes in the US, Europe and Australia, tasked with 
creating a general tool for performing statistical fits of 
new physics models. This entails the development of 
new, fast simulations of LHC results, novel simulations 
of astrophysical dark matter signatures, and new 
scanning technology for exploring multidimensional 
spaces. The 2014 workshop at the University of 
Adelaide was devoted to the creation of these new 
simulations, in parallel with the creation of a complex, 
modular software code capable of using these tools to 
explore generic physics models. In addition, members  
of the GAMBIT collaboration enjoyed discussions with 
the gamma ray astronomy group in Adelaide, and with 
local particle phenomenologists and experimentalists.

ATLAS UPGRAdE WORkSHOP
26–28 NOvEmBER 2014
UNIvERSITy OF mELBOURNE, vIC

Program coordinator

Geoffrey Taylor

Participants

Elisabetta Barberio, Paul Jackson, Takashi Kubota, Brian 
Petersen, Aldo Saavedra, Martin Sevior, Geoffrey Taylor, 
Kevin Varvell, Daniele Zanzi.

The higher-luminosity LHC (HL-LHC) is a priority project 
in the field of particle physics. It will further investigate 
the fundamental physics by enhancing the physics 
reach of the LHC. To achieve this, various stages of 
luminosity upgrades are planned in the foreseeable 
future. The ATLAS detector will also undergo required 
instrumentation upgrades (Phase-I and Phase-II) during 
these times to ensure appropriate data-taking under the 
extreme experimental conditions of the HL-LHC. The 
Phase-I and II upgrades are planned from around 2018 
and 2022, respectively.

This workshop was held to discuss the Australian 
program in the Phase-I and II upgrades. The current 
Australian contribution to the ATLAS detector is centered 
on silicon tracking detectors – such as micro-strip silicon 
sensors – and associated data acquisition systems and 
trigger electronics systems. In the Phase-II upgrade, 
to cope with the higher radiation levels, a complete 
replacement of the silicon tracking detectors is foreseen.

On the first day, Prof Taylor described the framework  
of the workshop: to combine existing Australian efforts 
and converge them, whilst keeping a healthy diversity, 
into a stronger integrated program through the Phase-I 
and Phase-II upgrades. Presentations included the 
status of the fast tracker activities in the ATLAS, planning 
of the trigger and data acquisition system in Phase-II and 
the foreseen physics performance, pixel sensor module 
fabrication facilities, efforts to import an advanced 
electronics technology to the ATLAS micro-strip silicon 
detectors as well as topical upgrade scenarios in 
supersymmetry searches.

The workshop concluded with discussions on how 
to integrate the ideas suggested into a feasible and 
pursuable program.
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CoEPP organises and participates in 

a range of outreach activities that are 

designed to encourage and inspire the next 

generation of researchers, involve and 

educate the general public and engage 

with non-traditional audiences. 

Through public lectures, specific programs targeting 
high-school students and participation in external 
events, the Centre’s outreach program continues to 
strengthen, mature and grow.

In 2014 the Centre expanded its reach into high-
schools by running two separate and quite different 
work-experience weeks at its Melbourne and Adelaide 
nodes as well as the International Masterclass, which 
has now become a staple of the CoEPP outreach 
program. The Centre also piloted a virtual masterclass 

OuTrEACh AND ENGAGEmENT
program for rural students in NSW in partnership with 
the NSW Department of Education. National Science 
Week participation included a series of public lectures 
across Australia on the topic of dark matter by Associate 
Professor Juan Collar from the Kavli Institute for 
Cosmological Physics at the University of Chicago.

Art-meets-science programming and participation in 
external events are vital for engaging with non-traditional 
audiences. Towards the end of the year a number of 
selected works from the first two seasons of the Collision 
project were exhibited at ANU during the Australian 
Institute of Physics Congress. The Centre was a key 
sponsor of the RiAus stage show The Science of Dr Who, 
which toured nationally and included CoEPP physicists; 
and finally, CoEPP organised the TEDxCERN@Monash 
event for a second year, allowing Australian audiences to 
access the wealth of captivating talks through an official 
delayed broadcast of the CERN event.
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vIRTUAL mASTERCLASS

In 2014, CoEPP worked with the NSW Department 
of Education and Communities to develop a virtual 
masterclass, based on the international masterclass 
model, to rural NSW students. The masterclass was held 
in November as part of the xsel (virtual selective high 
school) program. xsel offers specialist subjects via web 
conferencing software to students with high academic 
abilities. The target schools are located in rural and 
remote areas and would generally not have the capacity 
to offer such subjects. CoEPP physicists presented the 
class to 22 students from seven schools in rural New 
South Wales. The end of the day included a virtual visit  
to the ATLAS control room at CERN.

INTERNATIONAL mASTERCLASS

Now in its third year, the International Masterclass has 
become a key element of CoEPP’s outreach program. 
The masterclass is offered to year 11 and 12 high-school 
physics students. They are given the opportunity to 
come on-campus to learn the basics of fundamental 
physics through working with real experimental data, 
and experience what it would be like to work in a 
large collaboration such as ATLAS. The class runs 
concurrently in all CoEPP node states: South Australia, 
Victoria and New South Wales. It has developed in 
popularity across Australia and now sees students from 
non-node states fly in to experience the day. The class is 
presented with assistance from the International Particle 
Physics Outreach Group, (IPPOG) and QuarkNet (a 
physics outreach network of universities and laboratories 
in the USA). International masterclasses are held each 
year, for approximately 6,000 high-school students from 
around 28 countries. 

On the day of the masterclass, students receive lectures 
on the Standard Model and ATLAS experiment and 
are given tutorials covering ATLAS data analysis and 
the use of the event display program HYPATIA. Each 
student pair is allocated a unique dataset containing 
up to fifty ATLAS events, which they then analyse using 
HYPATIA. Results from all groups are uploaded to 
an online graphing program called ‘OPlot’. Adelaide, 
Melbourne and Sydney then join with students from 
the US for a videoconference led by Ken Cecire (Notre 
Dame University) and hosted at Fermilab. Each group 
present their results in turn and asked questions of each 
other. The Fermilab moderator ends the session with a 
presentation of the four groups’ combined results.

The day culminates in a virtual tour of the ATLAS cavern; 
led in 2014 by CoEPP physicist Dr Paul Jackson.  
The students are taken through aspects of the ATLAS 
experiment and given the opportunity to ask questions 
of ATLAS physicists through live videoconferencing.

LEFT ANd RIGHT
Sydney node International 
Masterclass participants.

BELOW RIGHT
Screenshot showing the 
videoconference session 
at the International 
Masterclass.
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WORk ExPERIENCE WEEk

Two very different work experience weeks for year 10 
students were held in Adelaide and Melbourne during 
June. The students were immersed into week-long 
programs of lectures, tutorials and given research 
projects. Adelaide students were tasked with developing 
a good way of communicating their chosen research topic 
of dark matter to their peers. Each project was remarkably 
unique in content and form. One student produced a 
conference-style poster, another constructed a website, 
and participants blogged about their time at CoEPP. The 
Melbourne week coincided with the CAASTRO and CXS 
work-experience programs. Students completed intensive 
lab sessions in Python computational physics, were 
given lectures and tutorials on different aspects of particle 
physics and were required to undertake research projects. 
The week culminated with their research presentations 
and a tour of the Australian Synchrotron. 

ABOvE
Students at the 
Melbourne node work 
experience week.

LEFT
Sections from Adelaide 
work experience week 
research project.
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THE SCIENCE OF dR WHO

In 2014 CoEPP supported The Science of Doctor Who, 
a live and interactive stage show featuring Centre 
physicists David Jennens and Martin White. It was 
presented by RiAus (Royal Institution of Australia) in 
association with BBC Worldwide Australia & New 
Zealand. The show investigated iconic Dr Who concepts 
such as time travel, teleportation and regeneration from 
a scientific perspective and played in five major Australian 
cities to approximately 6000 people.

RIGHT:
Left to right:
Martin White,  
David Jennens,  
Rob Lloyd  
and Allie Ford.
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TEdxCERN@mONASH

TED’s mission is to spread ideas and believes that 
the power of ideas can be used to drive change in 
the world. With the theme “Forward - Charting the 
Future with Science”, this free event provided a unique 
platform for world’s leading researchers, scientists, 
developers, designers, and artists to share and build 
bold visions of the future, and was hosted at CERN by 
ATLAS experiment physicist and BBC presenter, Brian 
Cox. Now in its second year the TEDxCERN@Monash 
event was organised to provide access for people to 

NATIONAL SCIENCE WEEk

Professor Juan Collar from the University of Chicago is 
a leader in dark matter research. In conjunction with the 
Australian Institute for High Energy Physics (AUSHEP) 
Prof Collar presented a series of free public talks on 
dark matter in Adelaide, Sydney and Melbourne as part 
of the National Science Week program of events. The 
lectures were aimed at a general audience and were 
well-attended by the public and by high-school students. 
His talks looked at the worldwide hunt for dark matter 
and how teams of researchers search for these particles, 
the challenges faced by dark matter hunters, and the 
progress made over the past few decades.

experience TEDxCERN through an official delayed 
broadcast. The talks were grouped into three themed 
sessions: “Adapt”, “Change” and “Create” according 
to the stance that the speakers take on confronting 
global challenges such as the efficient management of 
natural resources or extending access to healthcare to 
non-urban areas. Over 200 people attended the Monash 
event. Registrations in 2014 increased by 30 per cent 
and overall attendance by 95 per cent when compared 
to 2013. The overall feedback was very positive with 
many expressing gratitude to CoEPP and Monash for 
organising the broadcast.



64
ANNUAL REPORT 2014 
COEPP.ORG.AU

P
U

B
LI

C
A

TI
O

N
S





























78
ANNUAL REPORT 2014 
COEPP.ORG.AU

P
ER

FO
R

M
A

N
C

E



PER
FO

R
M

AN
C

E

PERFORMANCE 
79

AWArDS AND rECOGNiTiON

PROFESSOR BRUCE mCkELLAR AWARdEd 
AUSTRALIA’S HIGHEST HONOUR ANd BECOmES 
PRESIdENT OF IUPAP

Professor Bruce McKellar (Honorary Fellow, CoEPP 
Melbourne) was recognised for his outstanding 
accomplishments and contributions both nationally and 
internationally in 2014.

On Australia Day (26 January, 2014), Professor McKellar 
was made a Companion (AC) in the General Division 
of the Order of Australia by Governor-General Quentin 
Bryce for his service to science, particularly theoretical 
physics, as an academic, educator and researcher, 
through seminal contributions to scientific development 
organisations, and as an author and mentor. It is the 
country’s highest civilian honour.

Later in 2014, Professor McKellar took over the reins as 
President of the International Union of Pure and Applied 
Physics (IUPAP). IUPAP is the peak international body 

that fosters worldwide cooperation in physics. The union 
plays key roles in physics education and research, and 
sponsors some major international physics conferences. 
McKellar is the first IUPAP president to come from the 
southern hemisphere.

McKellar joined the University of Melbourne as the 
Professor of Theoretical Physics in 1972 where he 
published his definitive study on nucleon forces, 
famously known as “Tuscon-Melbourne” force. He then 
branched out into quantum physics and is famous 
for the “McKellar Wilkens” phase, a seminal quantum 
physics theory. His work has application in photography, 
atmospherics physics and geophysics, and implications 
for pure mathematics. 

He has been recognised through the award  
of numerous medals including 2007 Massey Medal 
of the Institute of Physics (UK) and the Australian 
Institute of Physics, and the 2009 Flinders Medal of the 
Australian Academy of Science. His achievements also 
include facilitating research policy development and 
international collaborations globally, especially in the 
Asia-Pacific Region.

LEFT
Bruce McKellar receives 
the Companion of the 
Order of Australia (AC)  
at the investiture 
ceremony, Government 
House, Canberra.

“ Physics is an intrinsically international subject – even more so now 
with experiments performed by large international collaborations – 
it needs the countries of the world to work together to help that to 
happen, on large, small and individual scales.”

— Prof. Bruce mcKellar
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PROFESSOR ANTHONy THOmAS NAmEd SOUTH 
AUSTRALIAN SCIENTIST OF THE yEAR 

Professor Anthony Thomas, CoEPP Associate Director 
and Director of the Adelaide node, was named South 
Australian Scientist of the Year for 2014. This award 
honours an individual who demonstrates outstanding 
excellence in science and has made significant national 
or international contribution to their field of research. 

Prof. Thomas’ work covers a very broad range of topics, 
from nuclear structure and forces to quark models of 
the structure of hadrons, nuclear modification of deep-
inelastic structure functions, as well as the origin of the 
spin of the proton, tests of fundamental symmetries and 
direct searches for dark matter. His published papers 
have in excess of 17,000 citations combined.

RIGHT
Anthony Thomas awarded 
SA Scientist of the year 
at the 2014 Science 
Excellence Awards.

“ This is a real honour. Thanks to the ARC which has strongly 
supported my work and especially to my colleagues in CoEPP and 
CSSM whose collaboration has contributed greatly to this success.”

— Prof. anthony Thomas

This award acknowledges Prof. Thomas’ rich and 
distinguished career. Some notable highlights include 
working at the Theory Division of CERN, and more recently 
as Chief Scientist and Associate Director for Theoretical 
and Computational Physics at Thomas Jefferson National 
Accelerator Facility in Virginia USA (2004–2009). 

In 2014, he has been working with Dr Ross Young 
(CoEPP Adelaide) and Associate Professor Joel Giedt 
(Rensselaer Polytechnic Institute) where they showed how 
to dramatically improve the predictions of neutralino-
nucleon scattering cross sections, which is of fundamental 
importance in the direct search for dark matter.
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Key performance indicators

1  Activities associated with Belle and CDF are listed within the annual report but are not included within KPI reporting above.

KPI TARGET 2014 TOTAL 2014

Number of research outputs – Journal Publications 60 161

Number of research outputs – Refereed Conference Proceedings 30 21

Quality of research outputs 50% of publications in peer-
reviewed, international journals 
with impact factor > 2

94.44%

Number of talks / papers / keynote lectures at major international meetings 30 90

Media releases 5 6

Articles (including television and radio) 4 268

Citation data for publications1 500 2,783

Attended professional training courses 15 15

Centre attendees at professional training courses 20 56

New postgraduate students (PhD and Masters) 16 PhD, 8 MSc 12 PhD, 9 MSc

New postdoctoral researchers working on core Centre research 16 8

New Honours students 12 6

PhD completions 10 7

Number Early Career Researchers (within 5 years of completing PhD) 16 18

Number students mentored 40 55

Number of mentoring programs 6 8

Number international visitors 15 49

Number of national / international workshops held by Centre 2 4

Number of visits to overseas facilities 35 105

Joint research sourced through additional funding in discipline areas in 
accelerator science, computing science, instrumentation science / engineering 
and other disciplines

NeCTAR Project, RDSI -  
Using the cloud to  
understand the universe

Number of government / Industry and business community briefings 5 7

School visits 20 12 school visits 
103 students from 69  
schools: masterclass
14 students from 14 schools: 
work experience week

National Science Week event participation 5 5

Other public activities 6 10

Number of website hits 20,000 28,935

Public talks given by Centre staff 10 12

Prizes and awards 15 17

Number of new organisations collaborating with, or involved in, the Centre 2 3

Currency of information on the Centre’s website Review of website structure 
with goal of improving in line 
with emerging technologies

Regular updating of website, 
restructuring development of 
site to enhance user navigation
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CENTRE-RECOGNISEd LEAdERSHIP

Boards and official roles

Csaba Balazs

International Steering Committee, Dark Side of the 
Universe International Workshop.
Leader, GAMBIT collaboration.
Monash University, Particle Theory Group Leader.

elisabetta Barberio

University of Melbourne ATLAS Team Leader.

Caroline Hamilton

Digital Governance Committee, InterActions 
Collaboration.

Paul Jackson

University of Adelaide ATLAS Team Leader.
Speakers Committee Advisory Board – member.

Bruce mcKellar aC

President: IUPAP (International Union of Pure and 
Applied Physics).
Director, IUPAP-UK.
Director, International Union of Pure and Applied 
Physics, Singapore LTD.

martin sevior

Belle and Belle II Executive Board.
Belle, Hadronic B-decay co-convener.
International Advisory Committee, Europe-Asia-Pacific 
Summer School.

Peter skands

International Advisory Board, MPI@LHC workshop series.
International Advisory Board, CERN-Fermilab Hadron-
Collider Physics Summer School (HCPSS).
International Advisory Board, Monte Carlo Tools for 
Beyond the Standard Model Physics (MC4BSM) 
workshop series.
Leader, VINCIA collaboration.

Geoffrey Taylor

ATLAS National Contact Physicist (Australia).
President-designate ACFA (Asian Committee for Future 
Accelerators).
Member, AsiaHEP Board (Asia-Pacific High Energy 
Physics Panel).
Australian Representative ATLAS Resource Review Board.
Australian Representative WLCG Resource Review Board.

anthony Thomas

Member, Council of the University of Adelaide.
Past-Chair, IUPAP Working Group on International 
Cooperation in Nuclear Physics.

Vice-Chair, Asian Nuclear Physics Association.
Editorial Board, Journal of Physics G.
International Advisory Committee: POETIC 6.
International Advisory Committee: 2015 LHeC Workshop.
International Advisory Committee: 6th Symposium on 
Symmetries in Subatomic Physics.
Chair: Asia-Pacific Conference on Few-Body Problems 
(Handorf, 2014).

Phillip Urquijo

Physics Coordinator, Belle II.
Belle and Belle II Executive Board.
Belle II Institution Board.  
CKM convener Belle. 

Kevin varvell

University of Sydney ATLAS Team Leader.
Belle and Belle II Institute Boards.
Member of National Committee for Physics.

raymond volkas

Vice-President, APCosPA (Asia-Pacific Organization for 
Cosmology and Particle Astrophysics).
Executive Committee, Division of Astrophysics, 
Cosmology and Gravitation, Association of Asia-Pacific 
Physical Societies.
International Advisory Committee for the International 
Conference on Neutrino Physics and Astrophysics.
Commission 11 (C-11), International Union of Pure and 
Applied Physics (IUPAP), Divisional Associate Editor 
(Particles and Fields), Physical Review Letters. 

martin White

Convenor of collider group for the GAMBIT collaboration.

Bruce yabsley

International Advisory Committee, International 
Workshop on Charm Physics.
General editor, Physics of the B Factories.

aTlas and lHC working groups, Higgs analysis groups.

elisabetta Barberio

Editor TES note; Type III neutrino note.
Institue Board representative FTK.

amelia Brennan

LHC Dark Matter Forum.

Cameron Cuthbert

ππΥ analysis contact.

Kevin finelli

Top working group: cross-section subgroup convener
ttV analysis contact.
TOPLHC working group: ATLAS contact for pseudo-top 
and common acceptance.
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Kenji Hamano

Doubly-charged Higgs; sub-convenor and editor.

Paul Jackson

Supersymmetry, strong production with taus.
Supersymmetry upgrade; convenor.

Geng-yuan Jeng

VH, H → tau tau; sub-convenor and editor.

Takashi Kubota

VH, H → WW; sub-convenor and editor.

antonio limosani

AIDA editor and coordinator.
Chair, ATLAS Software Performance Management Board
ATLAS contact to the LCG "Librarian and Integrators" 
software group.
Responsible for External packages section of the ATLAS 
Software Infrastructure Team (SIT).

Guilherme nunes Hanninger

VH, H→ tau tau; sub-convenor and editor.

Brian Petersen

Supersymmetric partners to quarks and gluons.

aldo saavedra

Editor pseudotop paper.
Top MET liaison.

Phillip Urquijo

New Phenomena Producing Trilepton Resonances, editor.
FTK working group.
Tau trigger working group.

Bruce yabsley

ππΥ analysis contact.

daniele Zanzi

CP for Higgs to tautau, sub-convenor.
Tau trigger slice convener.
Member of Higgs working group coordination.

AWARdS

a. Beniwal

Angas Hurst Prize for 2013 (awarded in 2014),
University of Adelaide.

T. dutka

John Tyndall Scholarship, University of Melbourne.

d. Harries

H.S. Green Prize for 2013 (awarded in 2014),
University of Adelaide.
Barker Tong Scholarship in Physics in 2013, 
(awarded in 2014), University of Adelaide.

P. Jackson

2014 Australia-Harvard Fellowship, Harvard Club 
of Australia Foundation.

C. Jones

N. D. Goldsworthy Scholarship 2013 (awarded in 2014),
University of Melbourne.

B. mcKellar

Companion of the Order of Australia (AC),
The Government of Australia.

a. millar

N. D. Goldsworthy Scholarship 2013 (awarded in 2014),
University of Melbourne.

P. shanahan

DR Stranks Travelling Fellowship 2014, University of Adelaide.
Young Women’s Community and Spirit Award,
International Women’s Day Committee of SA.

T. Taylor

The Klein Prize in Experimental Physics,
University of Melbourne.
The Dixson Scholarship in Experimental Physics,
University of Melbourne.

a. Thomas

South Australian Scientist of the Year 2014,
Government of South Australia.

T. Trott

The Professor Kernot Research Scholarship in Physics,
University of Melbourne.

l. Tunstall

Bragg Gold Medal finalist for South Australia 2014, 
Australian Institute of Physics.

s. vagnozzi

Dr Jean E Laby bursary, University of Melbourne.
Fellows Award and Fellows Medal, 
University College, The University of Melbourne.
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OUTREACH ANd ENGAGEmENT ACTIvITIES

Public talks

C. Balazs

Talk on LHC, Dark Matter and Q&A.
Monash University, Clayton (March 2014).

e. Barberio

From Italy to Stawell - Why dark matter matters.
Stawell, Victoria (September 2014).

e. Barberio, G. Taylor

An Evening Examining Future Opportunities in Stawell. 
Stawell, Victoria (May 2014).

a. millar 

Talk to undergraduate students entitled "Asymmetric 
dark matter: two birds with one stone".
PSS seminar series, University of Melbourne (April 2014).

l. Peak

Talk on Quantum Computers.
Barra Brui Probus Computer Club, Gordon (March 2014).
Talk on ATLAS experiment.
Crows Nest Probus Club (February 2014).

P. shanahan

Lecture to the University of the Third Age. "The Structure 
of the Universe".
University of Adelaide (May 2014).

G. Taylor

Presented talk "Art meets Science: Thinking the World" 
for the Italian Masterpieces from Spain's Royal Court.
Museo del Prado exhibition at the NGV (July 2014).

K. varvell

Pint of Science: "Hunt for the Higgs Boson".
Talk in Pub (May 2014).
Talk to the Royal Society of NSW Southern Highlands 
Branch entitled "CERN and the discovery of the  
Higgs Boson."
Bowral, NSW (October 2014).

High schools engagement

s. akula, a. Pontvianne

Visit by Year 11 students from Alkira Secondary College, 
Cranbourne North. Included talk on “The Birth of Modern 
Physics” by S. Akula.
Monash University (December 2014).

P. athron

Talk to international students. 
National University of Singapore High School of Math 
and Science (August 2014).
Visit by Year 12 students from the National University
of Singapore High School of Math and Science.
Monash University (September 2014). 

W. Crump

Year 10 “Independence Day” – University visit by year 10 
students who undertook a marble scattering activity.
Monash University (July 2014). 
Scientists in Schools participation.
High schools in South Australia (2014).

W. Crump, m. morgan, a. Pontvianne

JMSS rural student incursion program.
Monash University, Clayton (March 2014).

P. Jackson

Presentation to 80 students in Year 10.
St Dominic's Priority Girls School (August 2014).

r. leane

Women in Science Breakfast at Strathcona Baptist Girls 
Grammar School.
Cantebury, Victoria (August 2014).

a. manning 

“Quanta to Quarks” talk and workshop for high school 
physics teachers.
University of Sydney (November 2014).

B. mcKellar

School Visit.
Bedgerabong Public School (May 2014).
Presented the Heritage Week Prizes for the Forbes Council.
Forbes High School (May 2014).

a. millar

Talk on dark matter entitled “Unravelling the dark side: 
dark matter and its place in our universe”.
South Oakleigh Secondary Collage (September 2014).

a. Pontvianne

Science Experience – High school visit to Monash to 
participate in particle physics activities.
Monash University, Clayton (January 2014).

P. shanahan

“Scientist in Residence” at Wilderness School During 
National Science Week.
University of Adelaide (August 2014).
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K. varvell

Talk to teachers entitled “Antimatter matters”.
Sydney Grammar (May 2014).
Lecture at NSW Science Teachers Workshop.
University of Sydney (November 2014).

other

r. foot

Appearance in "Through the Wormhole", Season 5, Episode 
10 "Is There a Shadow Universe?" TV documentary.
Science Channel, USA (July 2014).

P. Jackson

Public film screening of “Particle Fever”.
University of Adelaide (August 2014).

d. Jennens, m. White

The Science of Doctor Who - National Tour.
Adelaide, Brisbane, Melborne, Perth, Sydney
(April – June 2014).

rebecca leane

TV/film documentary research, script development,  
fact checking for three-part series “Uranium: Twisting 
the Dragon's Tail”.
Genepool Productions for SBS Australia and PBS USA 
(from June 2014).

P. shanahan

School of Chemistry and Physics Postgraduate 
Research Symposium: Physics Speaker.
University of Adelaide (December 2014).

national science Week

“The hunt for dark matter.” A series of public lectures 
by Prof Juan Collar, University of Chicago.
Adelaide, Melbourne, Sydney, Perth. (August 2014).

Work experience week

melbourne

C. Avram, L. Boland, P. Cox, J. Gargalionis, C. Hamilton, 
C. Jones, S. Lonsdale, F. Nuti, T. Taylor, G. Taylor, D. 
Varvel, R. Volkas, M. Volpi.
12 students from the following high schools in Victoria:
Bacchus Marsh Grammar, Charles La Trobe College, 
Kardinia International College , Methodist Ladies College, 
Northcote High School, Rosehill Secondary College,  
Sir Gustav Nossal High School, Sir John Monash 
Science School, Salesian College, St Patricks College  
in Ballarat, Thomas Carr College, Wesley College.

adelaide

C. Hamilton, A. Williams, R. Young.
Students were from St Aloysius and Emmaus  
Christian College.

international masterclass

adelaide

R. Adorjan, T. Boz, S. Johnson, P. McGee, S. Santucci, 
P. Shanahan, N. Soni, P. Jackson (assisted remotely 
from CERN).
12 students from the following high schools in South 
Australia: Adelaide High School (3), Brighton Secondary 
School, Saint Peter's College, Immanuel College, Australian 
Science and Mathematics School, St Peters Girls School, 
Prince Alfred College, St Aloysius College, Adelaide, 
Australian Science and Mathematics School, Tyndale 
Christian School.

melbourne

P. Cox, S. Crosby, K.G. Tan, L. Strang, T. Rugger,  
J. Gargalionis.
37 students from the following high schools in Victoria:
Blackburn High School, Brentwood Secondary College, 
Camberwell Girls Grammar School (2), Canterbury Girls' 
Secondary College, Carrum Downs Secondary College, 
Carwatha College P-12, Dandenong High School, 
Elizabeth Blackburn School of Sciences , Emmanuel 
College (2), Emmaus college, Footscray City College (2), 
Goulburn Valley Grammar School, John Monash Science 
School (2), Killester College, Lilydale High School, Mac.
Robertson Girls' High School (2), Marian College Ararat, 
Melbourne High School, Nazareth College , NHill College, 
Northcote High School, Scotch College Melbourne, South 
Oakleigh College (2), St Helena Secondary College, St 
Peters Lutheran College, Stawell Secondary College 
(2), Strathmore Secondary College, Suzanne Cory High 
School, The Geelong College, University High School.

sydney

N. Barrie, A. Kobakhidze, A. Saavedra, M. Scarcella, C. 
Suster, L. Wu, J. Yue.
28 students from the following high schools in New 
South Wales: Blacktown Boys High School (2), Brighton 
Secondary School, Bulli High School, Epping Boys High 
School, Fort Street High School, James Ruse Agricultural 
High School (6), Maitland Christian School, Newington 
College (4), Normanhurst Boys High School, Rosebank 
College (3), SCECGS Redlands, St Andrews, St George 
Girls High School, Sydney Boys High School (2), Sydney 
Boys High School, The Hills Grammar School.

virtual masterclass

D. Jennens, T. Ruggeri, A. Saavedra, T. Taylor, A. 
Limosani (assisted remotely from CERN).
26 students from the following high schools in New South 
Wales: Bourke High School, Cobar High School (3), 
Condobolin High School (2), Coonabarabran High School, 
Bathurst High School (3), Kelso High School, Dubbo 
College, Delroy (2), Forbes High School (2), Molong Central 
School, Nyngan High School (3), Oberon High School (2), 
Orange High School (3), Willyama High School (2).
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mEdIA ACTIvITIES

e. Barberio

“L’Australia prepara il suo Gran Sasso [Australia is 
preparing for Gran Sasso]”.
Mediaddress, Paper Blog (October 2014).

“Australia’s first dark matter experiment”
Symmetry Magazine (October 2014).

“Dark matter laboratory is a step closer”
Stawell Times-News (October 2014).

“Dark matter development - Only a matter of time”
Stawell Times-News (September 2014).

“University of Chicago Professor visits Stawell  
to discuss dark matter”
Stawell Times-News (September 2014).

“Deep in an Australian Gold Mine, Dark Matter’s 
Last Stand”
Big Think (July 2014).

“Shire invites Prime Minister, Tony Abbott to visit”
Stawell Times-News (July 2014).

“Panning for dark matter in an Australian gold mine”
New Scientist (July 2014).

“Budget burdens, hidden history and mining for dark 
matter: physics in June”
Science in Public (May 2014).

“Could an Australian gold mine help unlock the  
secrets of the universe? Scientists to build  
underground laboratory in Victorian mine shaft  
to search for dark matter.”
Mail online (UK) (May 2014).

“Scientists on verge of a major breakthrough”
Stawell Times (May 2014).

“Physicists look to gold rush town to crack dark  
matter mystery”
The Courier, The Age (May 2014).

“Dark Matter in Stawell Gold Mine”
774 ABC Melbourne (May 2014).

“Boffins search for dark matter in abandoned 
Australian mine”
FreeNewsPos.com, The Register

“Stawell Gold Mines could support international  
scientific investigation”
The Wimmera Mail-Times (May 2014).

“Stawell in the race to find dark matter”
Northern Grampians Shire Council (May 2014).

“Australia Day honours and awards, and women 
in physics: physics in February”
Science in Public (February 2014).

“Explainer: What are leptons?”
Phys.Org, The Conversation (January 2014).

“The Hunt for the Higgs Boson”
Australasian Science (January 2014).

“Statewide Mornings with Leon Compton”
936 ABC Hobart (January 2014).

C. Black

“The short but eventful life of a Higgs boson particle”
Phys.Org (May 2014).

P. Jackson

“Dr Paul Jackson talks about ‘dark matter’ –  
the next frontier”
UniSuper: Super Informed (February 2014).

G. Jeng

“The short but eventful life of a Higgs boson particle”
Phys.Org (May 2014).

d. Jennens

“Fifi and Dave: Mythical Mythbusters”
FOX FM Breakfast (April 2014).

a. Kobakhidze

“Catching Particle Fever: the Sydney scientists  
who helped track down the Higgs boson”
Foreign Affairs (June 2014).

“Laser pulse or break Newton’s third law creating  
a "negative mass"”
Photoelectric News (February 2014).

a. limosani

“Catching Particle Fever: the Sydney scientists  
who helped track down the Higgs boson”
Foreign Affairs, University of Sydney News  
(June 2014).

B. mcKellar

“Forbes Medal to Town Hall”
Forbes Advocate (May 2014).

“Former Chair ICSU Regional Committee for Asia and 
the Pacific honoured”
International Council for Science (February 2014).
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“Honoured researchers urge colleagues to fight  
anti-science”
Richard Dawkins Foundation for Reason & Science, 
ABC [Northern Tasmania], ABC Science, ABC [Catapult], 
Catalyst - ABC TV (February 2014).

“Bruce McKellar is awarded highest Australian honour”
IOP.org (Institute of Physics News) (February 2014).

“Australia Day honours and awards, and women in 
physics: physics in February”
Science in Public (February 2014).

“McKellar honoured”
Forbes Advocate (January 2014).

“Australia has lost Colombo mantle: new AC”
The Australian - Higher Education (January 2014).

“Scientists receive highest accolade”
The Australian (January 2014).

“Australians honoured on Australia Day for changing lives 
of those around them”
ABC Radio Australia News, ABC [Tropical Queensland], 
ABC [Riverland], ABC [Canberra], ABC [Mid North 
Coast], ABC [The Drum] (January 2014).

“University of Melbourne staff named in Australia  
Day Honours.”
The Melbourne Newsroom (January 2014).

“Scientists and academics among Victorians recognised 
in this year’s Australia Day honours” ABC News  
(January 2014).

“News of the Institute Community”
The Institute Letter, Princeton, Spring 2014 edition.

a. saavedra

“Catching Particle Fever: the Sydney scientists who 
helped track down the Higgs boson”
Foreign Affairs, University of Sydney News
(June 2014).

m. scarcella

“The short but eventful life of a Higgs boson particle”
Phys.Org (May 2014).

m. sevior

“Experiment to Turn Light Into Matter”
Discovery News (May 2014).

“Turning light into matter”
FreeNewsPos.com, ABC Science, Catalyst - ABC TV, 
ABC [Melbourne] (May 2014).

“Turning Light Into Matter Now A Reality”
Headlines & Global News (May 2014).

“Higgs boson confirms reigning physics model 
yet again.”
Mother Nature Network, Yahoo! News Canada, 
LiveScience (June 2014).

“Now that we’re pretty sure about the Higgs boson, 
what’s left to discover?”
The Christian Science Monitor (June 2014).

n. soni

“A larger hadron collider? Why bigger is better in  
particle physics”
Vancouver - Epoch Times, Ottawa - Epoch Times, 
New York City - Epoch Times, Science Alert, The 
Conversation (March 2014).

“Why bigger accelerators are better in particle physics.”
Phys.Org (February 2014).

G. Taylor

“Physicists Resurrect an Old, ‘Strange’ Dark  
Matter Theory”
Free Republic, MotherBoard (November 2014).

“Budget burdens, hidden history and mining for dark 
matter: physics in June”
Science in Public (May 2014).

“Community interest in dark matter development”
Stawell Times (May 2014).

“Could an Australian gold mine help unlock the secrets  
of the universe? Scientists to build underground laboratory 
in Victorian mine shaft to search for dark matter”
Mail online (UK) (May 2014).

“Physicists look to gold rush town to crack dark 
matter mystery”
The Courier (May 2014).

“Scientists on verge of a major breakthrough”
Stawell Times (May 2014).

“Stawell Gold Mines could support international  
scientific investigation”
The Wimmera Mail-Times (May 2014).

“Stawell in the race to find dark matter”
Northern Grampians Shire Council (May 2014).

“Stawell’s breakfast scoop - May 14 and 15”
Stawell Times-News (May 2014).

“Victorian gold mine could be used to crack dark 
matter mystery.”
The Age (May 2014).
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a. Thomas

“Science in the Studio - Sarah Tomlinson”
ABC Radio (September 2014).

“Professor Tony Thomas is SA Scientist of the Year”
University Of Adelaide, Noodls-Australia
(August 2014).

“Subatomic scientist wins award”
Radio Adelaide (August 2014).

“Big Bang: Science Awards drive our future”
The Lead South Australia (August 2014).

“Big gong for Big Bang theorist”
PSnews (August 2014).

“Particle physicist Professor Anthony Thomas named 
SA Scientist of the Year”
ABC News, Adelaide and South Australia News, 7News, 
Yahoo!7 News, Prime7, Technology News.
(August 2014).

“Great minds vie for Awards”
PSnews (July 2014).

K. varvell

“Australia and the Higgs”
Australian Physics Magazine (July 2014).

“The short but eventful life of a Higgs boson particle”
Phys.Org (May 2014).

r. volkas

“Black holes may be destroying stars at the center  
of the Milky Way”
Salon.com (November 2014).

“Dark Matter Black Holes Could Be Destroying Stars 
at the Milky Way’s Centre”
Scientific American (November 2014).

“Prix Nobel: Un an après, à quoi a servi le Boson de 
Higgs? [Nobel Prize: One year on, what has served the 
Higgs Boson?]”
20 Minutes.fr/Sciences (October 2014).

“Mother of Higgs boson found?”
The Asian Age (September 2014).

“Proposed in 1960s, theoretical cousin of the Higgs
Boson found”
The Economic Times (September 2014).

“Descoperire senzationala in lumea fizicii: “Mama” 
particulei lui Dumnezeu [Sensational discovery in the 
world of physics: “Mother” of God particle]”
Ziare.com (September 2014).

“Hallan la ‘madre’ del bosón de Higgs en los 
superconductores [Are the ‘mother’ of the Higgs boson 
in superconductors]”
RT Actualidad (September 2014).

“ ‘Mother’ of God particle found”
Delhi Daily News (September 2014).

“ ‘Mother’ of Higgs boson found”
Business Standard, Daily News & Analysis.

“Mother of Higgs boson found in superconductors”
New Scientist, Democratic Underground.

“Now, ‘mother’ of God particle discovered”
The Times Of India, Times of India (Hyderabad).

“ ‘The Higgs Paradox’ – Quantum-Level Discovery Fails 
to Solve Large-Scale Cosmic Mysteries”
The Daily Galaxy (July 2014).

“Particle Physicists and Cosmologists on Twitter”
Sean Carroll (February 2014).

m. volpi

“Dark matter development - Only a matter of time”
Stawell Times-News (September 2014).

“University of Chicago Professor visits Stawell to discuss 
dark matter”
Stawell Times-News (September 2014).

“Panning for dark matter in an Australian gold mine”
New Scientist (July 2014).

“Mining for dark matter: physics in June”
Science in Public (May 2014).

“Community interest in dark matter development”
Stawell Times-News (May 2014).

“Gold mine”
The Courier (May 2014).

“Physicists look to gold rush town to crack dark 
matter mystery”
Beaudesert Times, Jimboomba Times, The Standard, 
Augusta Margaret River Mail, Mandurah Mail, Liverpool 
City Champion, Boorowa News, South West Advertiser, 
Collie Mail, Bayside Bulletin, The Observer, Crookwell 
Gazette, Yass Tribune, Bega District News, Lithgow 
Mercury, Cootamundra Herald, The Singleton Argus, 
Campbelltown Macarthur Advertiser, The Area News, 
Wauchope Gazette, Cowra Guardian, Walcha News,  
The Macleay Argus, The Scone Advocate, Blayney 
Chronicle, Western Advocate, Blacktown Sun, Roxby 
Downs Sun, Merimbula News Weekly, Southern 
Highland News, Wingham Chronicle, The Avon Valley 
Advocate, Western Magazine, The Courier, The 
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Wimmera Mail-Times, Bendigo Advertiser, Stawell 
Times-News, The Maitland Mercury, Lakes Mail, Blue 
Mountains Gazette, Rouse Hill-Stanhope Gardens News, 
The Young Witness, Whyalla News, Bombala Times, 
Wellington Times, St Marys-Mt Druitt Star, Wollondilly 
Advertiser, Katherine Times, Southern Weekly, The 
Riverina Leader, Kiama Independent, Manning River 
Times, The Armidale Express, Bellingen Shire Courier-
Sun, Southern Cross, Bay Post, West Coast Sentinel, 
South Coast Register, The Guyra Argus, Nyngan 
Observer, Port Lincoln Times, The Examiner, Magnet, 
Hunter Valley News, Parkes Champion-Post, The 
Advocate - Hepburn, Bunbury Mail, Guardian News, 
Moree Champion, Barossa Herald, The Irrigator, Ararat 
Advertiser, The Border Mail, Eyre Peninsula Tribune, 
Port Macquarie News, Latrobe Valley Express, The 
Northern Daily Leader, Mudgee Guardian, The Rural, 
Newcastle Herald, Central Western Daily, Glen Innes 
Examiner, Port Stephens Examiner, Goulburn Post, 
The Recorder, The Daily Advertiser, The Queanbeyan 
Age, Central Midland & Coastal Advocate, St George 
& Sutherland Shire Leader, Inverell Times, North West 
Star, The Advocate, Sunraysia Daily, Illawarra Mercury, 
Daily Liberal, Camden-Narellan Advertiser, Hills News, 
The Star, Tenterfield Star, Gloucester Advocate, Harden 
Murrumburrah Express, Hawkesbury Gazette, Grenfell 
Record, Oberon Review, Coastal Leader, Murray Mail, 
The Murray Valley Standard, The Transcontinental, The 
Northern Times, Summit Sun, The Wagin Argus, The 
Islander, Fairfield City Champion, Northern Argus, Namoi 
Valley Independent, Parramatta Sun, Milton Ulladulla 
Times, The Naracoorte Herald, Merredin Wheatbelt 
Mercury Goondiwindi Argus, Penrith City Gazette, 
Border Chronicle, Busselton-Dunsborough Mail, The 
Moyne Gazette, Narromine News, Town & Country 
Magazine, Cooma-Monaro Express, The Times - On 
The Coast, Canowindra News, Cessnock Advertiser, 
Forbes Advocate, The Flinders News, Braidwood Times, 
Eastern Riverina Chronicle, Great Lakes Advocate, 
Muswellbrook Chronicle, The Ridge News, Dungog 
Chronicle, The Esperance Express, Donnybrook-
Bridgetown Mail.
(May 2014).

“Scientists on verge of a major breakthrough”
Stawell Times (May 2014).

“Scientists on verge of major breakthrough in Stawell.”
Stawell Times-News (May 2014).

“Victorian gold mine could be used to crack dark  
matter mystery”
Sydney Morning Herald, The Canberra Times, Brisbane 
Times, Sydney Morning, The Wimmera Mail-Times, The 
Age, The Courier, The Border Mail, Bendigo Advertiser, 
WA Today.
(May 2014).

m. White

“Scientists explore the final frontier: dark matter”
The Australian - Business Review (September 2014).

B. yabsley

“LHCb observes two new baryon particles”
ABC Radio National (November 2014).

“Friday afternoon drive”
Triple M (May 2014).

r. young

“The God Particle?”
The Daily (September 2014).

“Particle prediction with precision”
International Innovation Issue 149 (August 2014).
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Financial REPORT
STATEMENT OF INCOME AND EXPENDITURE FOR YEAR ENDED 31 DECEMBER 2014

  2011  
Reporting 

Period

2012  
Reporting 

Period

2013  
Reporting 

Period

2014  
Reporting 

Period

2015  
Reporting Period 

(Estimated)

Carry Forward  $0 $3,738,983 $3,940,6541 $4,403,3875 $4,529,160

Income ARC Indexed 
Income

$3,656,701 $3,797,390 $3,943,493 $4,062,667 $4,135,430

 Node Contribution $1,632,000 $752,000 $1,151,7852 $1,238,6782 $1,192,000

 NeCTAR  $484,785 $161,595 $64,638 $0

 Other $1,055 $17,333 $201,9043 $1,880 $0

Total Income  $5,289,756 $5,051,508 $5,458,777 $5,367,863 $5,327,430

Balance  $5,289,756 $8,790,491 $9,399,431 $9,771,250 $9,856,590

Expenditure Salaries $1,132,439 $2,989,585 $3,951,676 $3,468,297 $4,341,282

 Equipment $28,365 $186,544 $61,687 $161,739 $150,000

 Maintenance  $265,379 $80,923 $582,0416 $449,000

 Travel, 
Accomodation  
and Conferences

$260,725 $559,307 $610,838 $666,854 $881,000

 Scholarships  $57,370 $35,482 $49,309 $80,0007

 Services and General $129,244 $497,999 $155,907 $99,555 $128,000

 Outreach and Media4   $49,886 $60,774 $106,000

 NeCTAR  $293,622 $428,462 $153,522 $5,961

 New initiatives     $150,000

Total Expenditure  $1,550,773 $4,849,806 $5,374,861 $5,242,091 $6,291,243

Balance  $3,738,983 $3,940,685 $4,024,570 $4,529,160 $3,565,347

1 Carry forward adjustments from 2012.
2 Monash School of Physics Contribution for 2013 was paid in Q1 2014 and is reported in 2014 Annual Report.
3 "Other" comprises adjustments relating to prior year income adjustments, corrections to NeCTAR carry forward, and income timing differences. 
4 Outreach and Media was included under Services and General in 2011 and 2012.
5  Adjustment to Adelaide opening balances, due to timing differences in income transfer between University of Melbourne and University of Adelaide 

and carry forward adjustments to Melbourne and Sydney.
6  Includes total expense for ATLAS M&O of $302,217, with $140,685 relating to 2013 expense. 
7 2015 Scholarship amount includes additional expense for student support. 
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1  Monash School of Physics contribution for 2013 was paid in Q1 2014.

FINANCIAl SUMMARY

ARC Contract

The Centre for Excellence for Particle Physics at the 
Terascale commenced as a Centre of Excellence on 1 
January 2011. Funding was approved for seven years 
ending in December 2017, with a review held in 2014. 
Additional funding and in-kind support from the four 
collaborating institutions and in-kind support from the six 
partner institutions provide further funding and support 
for the Centre.

ARC Funding

The Centre for Excellence for Particle Physics at the 
Terascale is funded by the Australian Government 
through the Australian Research Council. The funding 
for the Centre is for seven years with an annual base 
contribution to the Centre of $3,600,000. Additional 
amounts each year for indexation increase this funding.
In 2014 the Centre received $4,062,667 of indexed 
ARC funds. This was distributed to the four nodes of 
the Centre according to the Centre's inter-institutional 
Agreement and was used to fund operational expenses.
2015 carry-forward was greater than anticipated due 
to timing differences as referenced in note 5 of the 
statement of income and expenditure and unanticipated 
reductions of expenditure associated with hiring delays. 
This will be addressed in 2015 through new initiatives 
and other expenditure measures.

Institutional Funding

Under the Centre's funding agreement with the ARC the 
collaborating institutions are required to contribute the 
following annual amounts:

The University of Melbourne $660,000 
The University of Sydney $235,000 
Monash University $132,000 
The University of Adelaide $165,000 

Payments for 2014 from the institutions were:
 
The University of Melbourne $660,000 
The University of Sydney $235,000 
Monash University $178,6401

The University of Adelaide $165,038 

NeCTAR

The ARC Centre of Excellence for Particle Physics at the 
Terascale administers and manages the NeCTAR project 
on High Throughput Computing for Globally Connected 
Science for the National eResearch Collaboration Tools 
and Resources (NeCTAR office). 2014 Income and 

Expenditure for this project is:

Carry Forward $94,845
Income $64,638
Salaries $152,877
Other Expenditure $645

End of year balance
carry forward into 2015: $5,961
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Equipment
$161,739

Other
$1,880

Travel, Accommodation 
and Conferences 
$666,854 Salaries 

$3,468,297

Maintenance
$582,041

Scholarships 
$49,309

Services and General 
$99,555

NeCTAR
$153,522

ARC Indexed Income 
$4,062,667

Outreach and Media 
$60,774

2014 INCOME
Total Income: $5,367,863

2014 EXPENDITURE
Total Expenditure: $5,242,091

Node Contribution 
$1,238,678

NeCTAR 
$64,638
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2014 IN-kINd jANUARy - dECEmBER
Total: $4,524,947

University of Adelaide
 $509,576 

University of Sydney
$499,933 

Monash University
$299,098 

University of Pennsylvania
$11,227

Cambridge University
$11,227

L'Universite de Geneve
$11,227

Albert Ludwigs Universitaet Freiburg
$33,680

INFN Sezione di Milano
$22,454 

Duke University
$11,227

RDSI Storage Unit
$270,000

Research Computing Costs
$342,600

NeCTAR Research Cloud
$447,636

University of Melbourne 
 $2,055,063 

IN-kINd REPORT

2014 reporting Period

University of Melbourne  $2,055,063 

University of Adelaide  $509,576 

University of Sydney  $499,933 

Monash University  $299,098 

University of Pennsylvania  $11,227 

Cambridge University  $11,227 

L'Universite de Geneve  $11,227 

Albert Ludwigs Universitaet Freiburg  $33,680 

INFN Sezione di Milano  $22,454 

Duke University  $11,227 

Research Computing Costs  $342,600

RDSI Storage Unit  $270,000

NeCTAR Research Cloud  $447,636

Total  $4,524,947 

NOTES

Increase on 2013 for in-kind due to the inclusion of:

Research Computing Costs $342,600
RDSI Storage Unit $270,000
NeCTAR Research Cloud $447,636
Revised student in-kind $953,941

CERN also provides considerable in-kind support  
to CoEPP's research activities predominantly through 
access to the LHC.
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CENTrE imPACT

Impact is defined as the demonstrable 

contribution that research makes to 

the economy, society, culture, national 

security, public policy or services, health, 

the environment, or quality of life, beyond 

contributions to academia.

Now that CoEPP is entering its fifth year of operation 
it is appropriate to review the impact of the Centre in 
some of the areas defined above. There are a number 
of key benefits and contributions that the Centre has 
achieved over the past four years. 

The discovery of the Higgs boson

The Higgs boson discovery was a worldwide news 
story. The fortuitous planning by Professors Geoffrey 
Taylor and Raymond Volkas, coupled with the capacity 
of CoEPP, the announcement was made both at CERN 
and at the Melbourne-hosted ICHEP2012 conference. 

While the story was international with significant focus on 
CERN and the activity there, the presence in Australia of 
CoEPP enabled the story to be largely told by Australian 
physicists from the Centre’s nodes in Melbourne, 
Monash, Sydney and Adelaide.

Coverage of this story included front-page stories in  
The Australian, The Age and the Sydney Morning Herald, 
and prominently placed multimedia features on Fairfax 
and News’ network of websites. Every major program on 
ABC radio and TV ran the story for more than 24 hours, 
including News Breakfast, 7:30 and Lateline on TV, 
and AM, PM, The World Today, Breakfast and Drive on 
national and local radio. Commercial television stations 
ran the story, columnists wrote about the Higgs and 
cartoonists made jokes, letters pages and talkback lines 
were full of people commenting on the “God particle”. 
Higgs discovery stories were the most read items on the 
Herald Sun and news.com.au websites. Researchers 
from each node of the Centre gave interviews to their 
local media. Melbourne and the conference were 
mentioned in international coverage, including the New 
York Times and The Times of London. The Australian 
media honed in on the sense of Melbourne being the 
centre of a huge announcement.

Two years on, the impact of the Higgs discovery still 
echoes in public awareness and with the restarting of the 
Large Hadron Collider at CERN for the commencement 
of Run 2 there will be further opportunities for exciting 
new discoveries in physics to be revealed to the world.

The hunt for dark matter

Activities by Centre personnel in 2014 to progress 
the search for dark matter in a gold mine at Stawell 
in western Victoria have been widely reported both 
locally and internationally. The opportunity for Australia 
to join worldwide research in this field, coupled with 
the opportunities that a direct-detection dark matter 
experiment in Australia (the only one in the Southern 
Hemisphere) will bring for the community of Stawell, has 
certainly struck a chord with the public. A recent public 
meeting in Stawell drew a crowd of over 120 to hear 
Centre Chief Investigator Professor Elisabetta Barberio and 
Professor Antonio Masiero, Vice President of INFN, discuss 
plans for the creation of the underground laboratory.

News stories for this project appeared in New Scientist, 
most major metropolitian newspapers, Symmetry 
magazine, the Mail on-line (UK), and over 150 regional 
newspapers in syndication throughout Australia. 
Construction for the proposed underground laboratory 
will commence in 2015 following a grant from the 
Victorian State Government and will initially be utilised 
by a consortium from CoEPP, CAASTRO, ANU, ANSTO, 
the Italian National Institute for Nuclear Physics (INFN) 
and Princeton University, USA.

“ The impact of the Higgs 
discovery still echoes in public 
awareness and with the restarting 
of the Large Hadron Collider at 
CERN for the commencement 
of Run 2 there will be further 
opportunities for exciting new 
discoveries in physics to be 
revealed to the world. ”
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TOP LEFT
Cultural impact:  
The Standard Model 
Lagrangian inspires artist 
Peter Kennedy.
Peter KENNEDY Born 
Australia 1945 Light rain 
– and everything we know 
about the universe (except 
gravity) 2013 Neon 500.00 
x 8160.00 x 20.0 cm 
(overall) © Peter Kennedy, 
courtesy Milani Gallery, 
Brisbane. Supported 
by NGV Foundation 
with the assistance of 
the NGV Supporters of 
Contemporary Art Photo: 
NGV Photo Services.

BELOW LEFT
Media impact:  
Announcement of the 
Higgs discovery makes 
front page news in 
Australia.

Higher quality workforce

At this point in the life of CoEPP, the Centre is beginning 
to see the impact it is having on providing skilled 
workforce participants. A number of the Centre’s initial 
postdoctoral researchers have moved to new positions 
in major research centres, including: Dr Tirtha Sankar-
Ray to The University of Calcutta; Dr Kenji Hamano 
to Victoria University, Canada, and Dr Sara Diglio to 
Université d'Aix-Marseille, France. Others have moved 
into the commercial world as research analysts for the 
banking industry with two Centre researchers joining the 
Commonwealth Bank, Dr Guilherme Nunes Hanninger  
and Dr Nitesh Soni. Such roles are ideally suited to 
researchers with skills developed while in the Centre 
in areas such as large data set analysis and intensive 
computational techniques. 

Culture

The impact of the Higgs and particle physics was on 
display at the National Gallery of Victoria during their 
“Melbourne Now” exhibition. This landmark exhibit was 
seen by more than 750,000 people over three months 
in 2013–2014. As part of the exhibition, acclaimed 
Australian contemporary artist, Peter Kennedy created 
the world’s largest Standard Model Lagrangian. The 
artwork was over 80 metres long and stretched across 
four walls in NGV International. Peter worked closely with 
Centre Director Professor Geoffrey Taylor when producing 
the work to ensure the accuracy of the equation's 
symbology and beauty. In conjunction with the exhibition, 
Centre researchers presented a number of public talks on 
the Lagrangian and particle physics to guests of the NGV.

data science

Data science is one of the fastest growth areas in 
modern economies. As world leaders in data science, 
the particle physics community has been one of the 
strongest drivers of its development. The Research 
Computing team at CoEPP has developed new data 
science technology (Dynamic Torque) and assisted 
the dissemination of particle physics technology to 
other communities. In particular, the partnership with 
eResearch South Australia (eRSA) – via the eResearch 
Tools project RT07, funded by NeCTAR – has been 
helpful in this process. These tools are now employed 
by computing research organisations within CSIRO, 
Monash University and eRSA itself. The Research 
Computing team has been invited to share expertise at 
numerous research computing forums and have used 
these occasions to demonstrate the benefits of tools it 
has developed. As a consequence, the team has won 
a $10K in-kind grant from Amazon Web Services to 
develop solutions for their computing cloud platform.
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DETAilED ACTiviTy PlAN
In 2015 the LHC restarts after two years 

of essential maintenance and upgrading. 

“Run 2” will see collision energy start at 13 

TeV, a significant rise from the 8 TeV energy 

it reached just prior to its shutdown in 

2013. This higher energy level will allow our 

researchers to explore new frontiers across 

all areas of the Centre’s research program.

RESEARCH PROGRAm 2015 IN dETAIL

Higgs searches and properties

Analysis of data taken at the LHC’s higher luminosity 
will begin in earnest in the H→�� decay channel, Higgs 
coupling with top quarks and VH(→��) production mode. 
Other work set to commence includes: development  
of data acquisition software for events with hadronically 
decaying taus, and on the calibration of the energy 
measurement of these particles; and design of the 
measurement of the Higgs boson CP-parity in  
H→�� decays.

Phenomenological work will include a study of how 
LHC data constrains new long-lived particles decay a 
significant distance away from the collision point where 
they are produced.

searching for the origin of neutrino mass

Research will continue in the study of how to test 
radiative neutrino mass models at the LHC. A new 
aspect to this study will be a detailed analysis of the 
reach of the 13 TeV LHC on the parameter space of 
these models. This work builds on 2013 and 2014 
theory work that involved collaboration between the 
Melbourne and Sydney nodes.

Precision tests of the standard model

CoEPP will continue its work on precision measurements 
of Standard Model processes using inclusive dilepton 
and related signatures. This will utilise the higher energy 
data available from Run 2 of the LHC, and incorporate 
rarer processes such as single top production. 

The ultimate aim of this work is to improve sensitivity to 
non-Standard Model physics. Additionally, measurement 
of the cross-section of the production of top quarks in 
association with a weak vector boson, which is a key 
ingredient to searches for a Higgs boson produced in 
association with top quarks, will be completed based  
on data from the 8 TeV LHC run.

dark matter

Dark matter research in 2015 will concentrate on 
phenomenology, dark matter models and detection. 
Collider phenomenology of various dark matter models 
will be examined, including the use of effective field 
theories and simplified models to describe dark matter 
interactions. Beyond the Standard Model theories which 
incorporate dark matter will be developed.

Indirect detection of dark matter research will include 
extraction of the sensitivity of the Cerenkov Telescope 
Array (CTA) to gamma rays originating from the 
annihilation of various dark matter particles such as 
supersymmetric neutralinos and simplified dark matter 
candidates.

Direct detection research will include a careful re-
examination of the spin dependent dark matter cross 
section – bearing in mind future experimental work at 
Stawell – as well as apparently contradictory results 
in the current literature concerning direct dark matter 
detection.

supersymmetry

Work will be undertaken to complete the most 
exhaustive statistical analysis of the plausibility, 
naturalness, and discovery prospects of the 25 
parameter Minimal Supersymmetric Standard Model. 
This project is being done by the Global And Modular 
Bayesian Inference Tool (GAMBIT) Collaboration which 
consists of 25 physicists from about 20 international 
institutes, including CoEPP members from Adelaide, 
Monash and Sydney. In the context of the Next-to-
Minimal Supersymmetric Standard Model, CoEPP 
researchers plan to show that electroweak baryogenesis 
and thermal freeze out of dark matter can account for 
all the observed matter content of the universe.

Work on the Exceptional Supersymmetric Standard 
Model (E6SSM) will include tests of the constraints 
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imposed on the E6SSM by the Higgs mass and limits 
on dark matter cross sections with aim of guiding 
future searches for physics beyond the Standard 
Model physics; and exploring possible formulations of 
compositeness within the E6SSM.

CoEPP experimental researchers are pioneering sensitive 
new techniques to perform searches for physics beyond 
the Standard Model. Preparations are underway for 
the analysis of Run 2 ATLAS data in the canonical Jets 
and missing transverse momentum channel. This work 
is complemented by a suite of searches evidencing 
pairs of charged leptons produced in association with 
b-jets. These analyses will probe the SUSY spectrum in 
final production mechanisms involving gluinos, all three 
generations of squarks, and gaugino pairs.

exotica

Studies of heavy quarks will remain a focus, including 
properties of the top quark, and searches for new, 
potentially exotic strongly-interacting particles in the 
charmonium and bottomium sectors.

research computing

In 2015 the research computing team will monitor the 
new ATLAS workload management system, BigPanDA, 
and the ATLAS distributed data management system, 
Rucio. In addition, the team will build a new Cloud 
Cluster system called “Dynamic Cluster”. This project 
will refactor “Dynamic Torque” to enable systems to 
employ different batch queues and additional Cloud 
infrastructure such as Amazon Web Services. This work 
is partly supported by a $10K grant from Amazon.

Local work will see storage platform improvements 
and capacity increases, making it faster and easier for 
CoEPP researchers to access more data sets from local 
compute batch systems.

mANAGEmENT ANd GOvERNANCE

Prof Tony Gherghetta joins the Centre as a new Partner 
Investigator having resigned his role as Chief Investigator 
in 2014 due to his relocation to the United States and a 
role with the University of Minnesota.

PERSONNEL

Each year CoEPP has been steadily increasing its 
intake of research higher degree students. 2015 will 
see increases across all nodes and particularly within 
the new research groups in Adelaide and Sydney 
(experimental and theory respectively). In addition, two 
new Level B positions will become part of the Melbourne 
node of the Centre. Matthew Dolan will be joining the 
Theory group in early 2015 and a further experimental 
position will also be advertised.

EdUCATION ANd dEvELOPmENT

Education and development activities will feature strongly 
across the Centre in 2015. The Graduate Summer 
School developed as the lead-in to the Centre Annual 
Workshop will be continued for the 2015 workshop. 
It was seen as a great success with new students 
coming into the Centre receiving a strong grounding in 
experimental and theoretical aspects of particle physics 
through talks, lectures and tutorials.

A Postdoctoral mentoring program will be introduced 
into the Centre to facilitate career advice from Centre 
CI's across the nodes. Once this has been introduced, 
it is planned to extend it to a mentoring program for 
PhD students.

OUTREACH ANd COmmUNICATIONS

In 2015, CoEPP will continue with a strong program 
in outreach for high-schools including its International 
Masterclass and work experience week programs. 
The virtual masterclass will be developed further in 
partnership with the NSW Department of Education and 
Communities. In addition to the above, the Centre’s art-
meets-science program Collision will be run with a focus 
on both high-school students and an open category. 
Collision in 2015 will involve new partnerships with 
CSIRO publishing and RiAus.

Communications will be updated in 2015 through the 
launch of a new website. The new site will include 
improved responsive design and will have revised 
information architecture that takes into account how 
the Centre has developed since its inception. It will 
also be better aligned to specific audience audience 
requirements.
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NATiONAl rESEArCh AND iNNOvATiON 
PriOriTiES CASE STuDy

THE FIRST dIRECT-dETECTION dARk mATTER 
ExPERImENT IN THE SOUTHERN HEmISPHERE

Promoting an innovation Culture; Contribution to 
frontier Technologies: Breakthrough sciences

Following the Higgs boson discovery, the direct 
detection of dark matter is seen as the next major 
challenge for the field of high-energy particle physics. 
In 2014, CoEPP paved the way for Australia to host 
the Southern Hemisphere’s first ever direct-detection 
dark matter experiment, to be located in a gold mine 
at Stawell in western Victoria. The establishment of 
this experiment and underground physics laboratory 
significantly addresses both the Promoting an Innovation 
Culture and Contribution to Frontier Technologies: 
Breakthrough Sciences National Research and 
Innovation priorities. The construction and operation 
of the detector will be undertaken at a level of detection 
sophistication that has not yet been seen in Australia.

Dark matter is over five times more abundant within the 
universe than ordinary matter, making up approximately 
23 per cent of the energy-mass composition of the 
universe. Dark matter is known to exist because of its 
gravitational effects on the cosmos but it has proven very 
difficult to detect, particularly within a laboratory setting, 
because of its lack of interaction with radiation and 
light. A leading candidate for dark matter is the Weakly 
Interacting Massive particle (WIMP). One of the methods 
employed in the direct detection of dark-matter particles 
is through nuclear recoil. The dark-matter particles 
collide with target material and scatter off atomic nuclei, 
resulting in nuclear recoil, which is then recorded.

There are many direct-detection experiments set 
up within the Northern Hemisphere; one that has 
achieved statistically significant detection is the DAMA/
LIBRA experiment at the Gran Sasso laboratory in 
Italy. DAMA results have shown the signal to have an 
annual modulation, which can be expected because of 
the Earth’s movement around the Sun. An experiment 
located in the Southern Hemisphere is required to 
confirm, or deny, the DAMA results as a dark matter 

signal. The proposed Australian experiment would be 
a new generation sodium iodide detector and one of 
a “twin”, the other being housed at the Gran Sasso 
laboratory in Italy. 

CoEPP Chief Investigator Prof Elisabetta Barberio 
heads the project and if successful it could lead to 
the discovery of dark matter. The benefits of this 
venture reach far beyond the scientific; it will also have 
positive and lasting effects for the local community and 
Australian-Italian bilateral relations. It will link with industry 
and provide opportunities for education and outreach. 
The project has garnered significant support in the form 
of partners from Gran Sasso / INFN (Italy), ANSTO, 
Northern Grampians Shire Council and Crocodile 
Gold Corp (Stawell Gold Mine owners and operators). 
University collaborators include representatives from 
CoEPP, CAASTRO, ANU and Princeton (USA). Support 
for this project has also been granted by the Victorian 
State Government with the plan to have the laboratory 
under construction by the end of 2015.

The establishment of a low-background lab, required 
to house the experiment, will be unique in the Southern 
Hemisphere and will open up other long-term research 
possibilities. The initiative is already attracting interest 
from researchers in other countries including New 
Zealand (Auckland and Canterbury Universities).

“ Dark matter is known to exist 
because of its gravitational 
effects on the cosmos but it 
has proven very difficult to 
detect, particularly within a 
laboratory setting, because 
of its lack of interaction with 
radiation and light. ”
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ABOvE
Dr Matteo Volpi taking 
measurements at the 
Stawell Gold Mine.
Photo: Michael Slezak
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LIST OF TERmS ANd ABBREvIATIONS

aTlas Refers to both the ATLAS detector and the ATLAS 
experiment at the LHC in CERN.

Belle and Belle ii Belle is an experiment at the KEK-B factory undertaken 
by the Belle collaboration. Belle II is the next stage of 
development, currently under construction.

Bsm Beyond the Standard Model.

Cern European Organisation for Nuclear Research.

CoePP ARC Centre of Excellence for Particle Physics 
at the Terascale.

iCHeP2012 The 36th International Conference on High 
Energy Physics.

iuPaP International Union of Pure and Applied Physics.

KeK High Energy Accelerator Research Organisation, 
based in Tsukuba and Tokai in Japan.

lHC Large Hadron Collider.

neCTar National eResearch Collaboration Tools and Resources.

nfs Network File System.

slaC National Accelerator Laboratory operated by Stanford 
University, USA.

sm The Standard Model of particle physics.

susy Supersymmetry.

WlCG Worldwide LHC Computer Grid.
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