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ABOUT

About CoEPP
The Australian Research Centre (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’s international partners work closely with
its chief investigators and hail from some of the world’s
leading universities.
CoEPP brings together particle—or high-energy—
physics experimentalists and theorists to work on the
pressing questions facing the field today, including
supersymmetry, dark matter and dark energy.

The Centre’s research computing team provides
valuable resources to the Worldwide LHC Computing
Grid and develops cloud resources. Through its work
on the ATLAS experiment at the LHC in CERN, CoEPP
experimentalists contributed to the—now famous—
Higgs boson discovery in 2012. CoEPP develops
outreach programs that aim to engage and excite the
next generation of scientists, and educate the public.
Particle physics looks at the nature of the universe at
its most fundamental level. Through its work on the
experimental search, theoretical reasoning and the
associated technological development required to drive
experiment, CoEPP is considered the foremost particle
physics research centre in Australia. The discovery of the
Higgs boson marks the beginning of a new era in particle
physics research. CoEPP seeks to be at the heart of this
exciting period to come.
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Director’s report
2013 marked CoEPP’s third year
of operation and its contribution
to global particle physics research
continues to strengthen and mature.

Professor
Geoff Taylor
Centre Director
University of Melbourne

After the watershed year of 2012 with the Higgs particle
discovery and ICHEP2012 conference, we envisaged
2013 to be a year of experimental consolidation and
much theoretical speculation. The momentum of the
events that shaped 2012 continued into 2013 with the
Higgs-like particle being confirmed as a Higgs boson
consistent with that of the Standard Model in March.
The confirmation of its discovery—coming half a century
after it was theorised—led to the 2013 Physics Nobel
prize being awarded to the two remaining physicists
who first hypothesized the particle’s existence: Francois
Englert and Peter Higgs.
2013 saw the LHC enter its first long shutdown period
with major consolidation and upgrades to magnets and
other systems in readiness for its operation at full design
energy from 2015. “Run 2” will continue until 2018 when
the next scheduled long shutdown will take place. Even
though no particle collisions occurred from February,
Centre researchers continued in their analysis of the
extraordinarily large data set taken to date.
Experimental and theoretical research at the Centre
forges ahead. Our scientists play significant roles in
the continued probing of the properties of the Higgs
boson, especially the very important first observation
of its decay into tau lepton pairs. Centre researchers
took a decisive role in this measurement, which provides
first evidence for decays into fermions in addition to
the boson decays observed in the Higgs discovery.
The fermion channel is essential for corroboration of the
Higgs being that predicted by the Standard Model.
Theorists explored properties of the Higgs including its
spin, connections with cosmic background radiation,
refinements to Higgs production calculations, and an array
of questions around the origins and consequences of the
Higgs, be it Standard Model, supersymmetric or beyond.
Experimental analysis with strong theoretical guidance
continued in areas such as heavy neutrino searches,
dark matter and Supersymmetry.

Excellent progress was made in the AIDA project
(An Inclusive Dilepton Analysis) with ATLAS internally
approving this form of analysis, spawned by Chief
Investigator Antonio Limosani and Partner Investigator
Mark Kruse. The aim of the AIDA technique is to provide
a more model independent capacity to test Standard
Model (and beyond) processes.
CoEPP researchers were again successful in obtaining
prestigious fellowships. Paul Jackson (Adelaide),

Phillip Urquijo (to commence a Senior Lectureship at
Melbourne in 2014) and Peter Skands (to commence as
Associate Professor at Monash, 2014) were successful
in winning ARC Future Fellowships. Takashi Kubota
(Melbourne) won an ARC DECRA Fellowship.
Our research computing team continues to deliver
remarkably reliable infrastructure to the Worldwide LHC
Computing Grid through provision of the AustraliaATLAS Tier 2 grid site. Two major software and hardware
upgrades were performed during the year allowing
for increased performance and capacity. These were
achieved with minimal disruption to the grid. The
Australia-ATLAS Tier 2 grid site now delivers over 130
per cent of our 2013 computation pledge to the ATLAS
experiment including the provision of 900 terabytes of
grid storage.
A key responsibility of the Centre is the sharing of
knowledge and development of the next generation
of researchers. The CoEPP annual scientific workshop
provides the opportunity for all Centre members—
including Partner Investigators and members of the
advisory boards—to come together and discuss
important developments in the field. The 2013 workshop
was held over five days in Cairns and attendees included
world-renowned physicists John Ellis, Peter Jenni and
Allan Clark.
Smaller workshops concentrating on specific research
areas were held during the year. CoEPP teamed up with
CAASTRO, the ARC Centre of Excellence for All-sky
Astrophysics, to hold a joint workshop on the links
between astrophysics, cosmology and particle physics
in searches for the origin and existence of dark matter.
The Adelaide node hosted the CoEPP mini-workshop
on Supersymmetry where theorists and experimentalists
from across the Centre discussed topics such as;
Supersymmetry signatures, fast detector simulations
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“ The focus given by the Centre’s goals and directions has
successfully brought together theorists and experimentalists
to participate in the most exciting developments in
fundamental physics in decades. ”
and constraints on non-minimal Supersymmetry. The
Sydney node hosted an AIDA workshop, allowing team
members to work together face-to-face. During the
workshop, software tools were improved, additional
studies required by the 7 TeV analysis were performed
and a publication strategy was defined.
Outreach continued to be a significant Centre activity
in 2013. This year the Centre expanded its high school
masterclass program, teaming up with the International
Particle Physics Outreach Group (IPPOG) and QuarkNet
to deliver a day-long program for Year 11 and 12 highschool students, that covered data analysis, lectures on
the Standard Model, and culminated in an ATLAS virtual
visit. The masterclass groups in Adelaide, Melbourne
and Sydney—along with students from Medford High
School in Massachusetts—discussed results via
videoconference with moderators based at Fermilab
in the US. The masterclass truly gave the students an
authentic experience of what it is to work within an
international collaboration. Our Collision project was run
for the second time with an expanded reach. Again we
received entries from all over the globe and competition
winners were published in Symmetry magazine and
PhysicsWorld.
An exciting addition to the public awareness of our field
occurred in 2013, with the commissioning of a major
installation by the National Gallery of Victoria as part
of the highly ambitious “Melbourne Now” exhibition.
Acclaimed contemporary artist, Peter Kennedy,
created an 83-metre neon work of the Standard Model
Lagrangian, taking a prominent position at the NGV
International Gallery through to March 2014.
Professor Elisabetta Barberio’s Women in Physics
lectureship with the Australian Institute of Physics saw
her travel the country and speak with high-school
students, general public and academics about her

research at CoEPP. In a series of over 20 lectures,
Elisabetta contributed to spreading the message of the
importance of high-energy physics research and the part
that Australia plays in this global research area.
After a successful term as Centre Manager, Dief
Alexander left the organisation to pursue other career
interests. We thank him for establishing a strong and
cooperative administrative structure across the nodes
and for successfully seeing the Centre through its first
couple of years. We welcome our new Centre Manager,
David Varvel, who brings with him extensive experience
in the management of research centres. Over the year
our administrative support team met and exceeded the
goal of reducing the impact on our research team of
the essential administrative demands, as well as having
developed new modes of efficient operation both within
and across CoEPP nodes.
CoEPP continues to achieve international significance
for Australia in the field of high-energy particle physics.
The focus given by the Centre’s goals and directions
has successfully brought together theorists and
experimentalists to participate in the most exciting
developments in fundamental physics in decades.
Boosted by the increased scientific and support staff
afforded by the CoEPP grants, we are now recognised
as a major source of innovation, collaborative capacity
and expertise, worldwide. This status sets the standard
for CoEPP’s future.

Professor
Geoff Taylor
Centre Director, University of Melbourne
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Chair’s report
This report marks CoEPP’s third year
of operation and the organisation
has made excellent progress since its
inception in 2011.

Professor
Jeremy Mould
Chair

RIGHT
Participants at the
CoEPP Annual Scientific
Conference, held in
Cairns 2013.

Board members work with CoEPP Director Prof
Geoffrey Taylor, node directors and members of CoEPP
to ensure that the Centre remains true to its vision
and objectives.
Specifically, the Board provides advice in areas of
financial and technical management; liaison with
government, education, research institutions and
industry; strategies for meeting goals of the Centre
and potential areas for improvement. During 2013, the
Board reviewed Melbourne's hosting of ICHEP 2012.
The event clearly placed Australian particle physics
on to the world stage and showed to an Australian
audience that we participate in world-leading physics.
The main focus of the Board is to be continually looking
forward, ever-vigilant for opportunities for growth and
collaboration, and to do so strategically. The Board

regards CERN Associate Membership as a strategic
imperative for Australian science. It highlighted future
activities, including the need to develop a coherent plan
for involvement in future ATLAS/LHC upgrades, even
those beyond the current funding cycle for the Centre.
The Board also considered the joint CoEPP-CAASTRO
Workshop which included positive outcomes for both
groups and marks the beginning of a strong collaborative
effort in Australian Science.
On a more operational front, the Board offered new
suggestions for potential outreach activities that focus
on promoting to and engaging with the next generation
of scientists through programs targeting future honours
students, support for high school teacher programs
and more focus on school visits. It noted the need for
mentoring our current Early Career Researchers,
to stand them in good stead for their burgeoning
research careers.
At the end of its third year, CoEPP stands on strong
foundations. The Board looks forward to continuing its
role in shaping the Centre’s vision and performance over
the coming years.
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Members of the International Advisory
Committee (IAC) continue to provide
ongoing advice to CoEPP.
Two members of the IAC—Professor Peter Jenni and
Professor John Ellis—attended the Centre’s Annual
Scientific Workshop in Cairns and met with researchers
and students from across the Centre over the five days.
CoEPP is making impressive progress towards its mid
term review. The top priority for the future must be to
secure and strengthen Australia’s role in LHC physics
via significant participation in the planned and proposed
ATLAS upgrades. A first upgrade is fully approved by
the CERN council, and a second upgrade to take place
in the next decade is now under active discussion.
Both these upgrades require either additions to, or
replacements for, the inner tracking detector of ATLAS,
and CoEPP physicists are very well-placed to make
significant contributions, building on the expertise they
acquired during construction of the ATLAS inner tracker.
In view of the expertise built up in recent years, a further
involvement in the challenging upgrade of the trigger
would also be very welcome.

Further expansion of the community would permit
Australia to participate significantly in other
experimental projects.
CoEPP is also to be congratulated on fostering an
excellent collegial spirit of collaboration between
different experimental groups in ATLAS, and enhancing
the collaboration between theoretical and experimental
physics, e.g., in the joint development of a framework
for analysing possible physics beyond the Standard
Model. The recent annual CoEPP Workshop in Cairns,
8–12 July 2013, gave a vibrant picture of the activities,
notably with a strong participation of motivated students
and young researchers.

“ CoEPP is to be congratulated
on fostering an excellent
collegial spirit of collaboration
between different experimental
groups. ”

ABOVE
John Ellis (left) and Peter
Jenni (right) presenting
at the CoEPP Annual
Scientific Workshop in
Cairns 2013.

ABOUT

Report from the International
Advisory Committee
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Centre Governance
Organisational structure of CoEPP

INTERNATIONAL
advisory
COMMITTEE

DIRECTOR

ADVISORY BOARD

Professor Geoffrey Taylor

associate director

associate director

centre manager

Professor Anthony Thomas

Professor Tony Gherghetta

David Varvel

melbourne node
director

adelaide node
director

Professor Raymond Volkas

Professor Anthony Thomas

RESEARCH COMPUTING
MANAGER

COMMUNICATIONS AND
OUTREACH COORDINATOR

Lucien Boland

Caroline Hamilton

monash node director

sydney node director

Associate Professor
Csaba Balazs

Associate Professor
Kevin Varvell

About the Centre
The ARC Centre of Excellence for Particle Physics
at the Terascale was established to coordinate particle
(or high-energy) physics research across a number
of significant research Centres in Australia. 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.

Operation and Management
The operation of the Centre is managed through
a set of committees and management teams. The
organisational structure of the Centre is designed to
support a focused, coordinated program and to sustain
the ability to deliver the sought after change over an
extended period.

The Centre management structure comprises the
Director, Professor Geoffrey Taylor, and two Associate
Directors, Professor Tony Gherghetta and Professor
Anthony Thomas. They are assisted 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 at each 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.
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Advisory Committees
International Advisory Committee

Advisory Board

The International Advisory Committee meets annually
and provides independent scientific expertise, advice
and experience from established national Centres and
leading international laboratories. The Chair of the
Committee is Professor Rolf-Dieter Heuer. Members
of the committee met at the CoEPP-Cairns workshop
in July 2013 in a joint meeting with the Advisory Board.

The Advisory Board meets every six months and
provides advice to the Centre Director and provides
oversight, review and comment on matters of strategic
direction, the conduct of research and other Centre
activities as may be relevant. The Chair of the Board is
Professor Jeremy Mould. The Board met in February and
at the CoEPP Cairns workshop in July 2013 in a joint
meeting with the International Advisory Committee.

Professor
Rolf-Dieter Heuer

Chair
Director General CERN

Professor
Hiroaki Aihara

Professor, Department of
Physics, University of Tokyo

Professor
Marcela Carena

Theoretical Physics
Department, Fermilab

Professor
John Ellis

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

Professor
Cecilia Jarlskog

Professor in the Department
of Mathematical Physics,
Lund University

Professor
Peter Jenni

CERN and Guest Scientist
with the Albert-LudwigsUniversität Freiburg

Professor
Carlos Wagner

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

Professor
Jeremy Mould

Chair
Professor of Astrophysics
Swinburne University

Professor
Mike Brooks

Deputy Vice-Chancellor
(Research)
University of Adelaide

Dr. Tanya Hill

Curator of Astronomy
Museum Victoria

Professor
Bruce McKellar

Honorary Professorial Fellow
The University of Melbourne

Professor
Michael Morgan

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

Dr. Adi Paterson

Chief Executive Officer
ANSTO

Professor
Robert Saint

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

Professor
Michael Thompson

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

“As theorists, we can imagine
complex mechanisms that attempt
to describe the universe. But without the
help of our fellow experimenters who
validate these theories from time to time,
they remain only theories.”
François Englert
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Research Facilities
CoEPP experimentalists work in large collaborations that
are based at major high-energy physics laboratories. The
main collaboration the Centre is involved in is the ATLAS
collaboration at CERN, the European Organization for
Nuclear Research, based in Geneva, Switzerland. By far
the greatest use of overseas laboratory facilities takes
place at the Large Hadron Collider (LHC) located at
CERN, where CoEPP works on the ATLAS experiment
and has an office on-site. CoEPP facilities also include
the Australian-ATLAS Tier 2 grid site which is based at
the University of Melbourne node. Other collaborations
that involve Centre members include the Belle II
collaboration at KEK, the High Energy Accelerator
Research Organisation, based in Tsukuba, Japan; and
the CDF collaboration, the Collider Detector at Fermilab,
based in Batavia, USA.

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 20 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, heavyion 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 bend 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 dataacquisition 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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LEFT
ATLAS detector endcap wheel image
showing silicon
detectors (constructed
in Melbourne) attached
to lightweight carbon
structure. The endcap was assembled at
NIKHEF in Amsterdam.
BELOW
Google Earth image
showing WLCG grid
activity with information
covering data movement
for both Monte Carlo
production and Tier 0
export.
RIGHT
Clean room in the
Melbourne EPP laboratory.

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’ which are classified according to
storage and analysis. ‘Tier 0’ is the CERN computing
centre and acts as the central point; all LHC data passes
through Tier 0, however only a limited amount is utilised
for compute purposes. Tiers 1 and 2 are where most
analysis and storage occurs; Tier 3 are local clusters.
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 800 terabyes of grid storage. Australia also
operates three Tier 3 clusters with a combined storage
of 112 terabytes, located in Adelaide, Melbourne and
Sydney Universities.
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Melbourne EPP Laboratory

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

RESEARCH

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. This laboratory
is currently being updated for further work to be
undertaken on projects associated with the Belle II
experiment in Japan. Some of the work will involve the
precision assembly of DSSD assemblies and Silicon
Vertex Detectors.
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Introduction

Academics

The search for the Higgs boson is one of the most
important searches currently taking place at the Large
Hadron Collider. Its significance is that prior to 2012 the
Higgs was the last remaining particle from the Standard
Model to be observed. The Higgs search is performed
by observing all available decay channels.

Elisabetta Barberio
Sara Diglio
Guilherme Nunes Hanninger
Geng-Yuan Jeng
Takashi Kubota
Matteo Volpi
Geoffrey Taylor
RHD students
Curtis Black
Amelia Brennan
David Jennens
Brian Le
Francesco Nuti
Pere Rados
Mark Scarcella
Joel Smith
Laurence Spiller
KG Tan
Thor Taylor

The observation by ATLAS and CMS of a new boson
with a mass of approximately 125 GeV decaying into
γγ, WW and ZZ bosons and the subsequent studies of
its properties is a milestone in the understanding of the
mechanism that generates the masses of elementary
particles, with the exception of the neutrinos.
For a given Higgs mass the sensitivity of a particular
search channel depends on the production cross section
of the Higgs bosons, its decay branching fraction, the
resolution of the reconstructed mass, the selection
efficiency and the amount of background in the final state.
CoEPP researchers have been working on some of the
most important Higgs searches. CoEPP researchers
had an instrumental role in H → WW → ℓνℓν, H → ττ,
associated Higgs boson production WH and ZH and
in looking for new heavy Higgs–like scalar predicted by
beyond the Standard Model.
Research
H → ττ

The LHC highlight of 2013 was the first evidence of a
fermionic decay of the Higgs boson. CoEPP researchers
played a decisive role in this area. With a branching ratio
of 6.3 per cent, H → ττ is one of the main decay modes
for a SM Higgs boson with a mass of 125 GeV. Hence,
it provides a direct measurement of the coupling of the
Higgs boson to fermions. The observation of the H →
ττ decay is strong evidence that fermions also acquire
their mass through the Higgs mechanism. In the H →
ττ search, τ leptons decaying to electrons, muons and
hadrons are considered. Due to the presence of missing
neutrinos, the Higgs mass resolution is reduced in this
channel (≈ 15 per cent). As a result, a broad excess
over the expected background in the invariant mass of
the visible products of the two taus, is searched for. The
ATLAS results are based on the full 8 TeV data sample.

The observed deviation from the background-only
hypothesis corresponds to a local significance of 4.1
standard deviations, The expected value for a SM Higgs
in this data is 3.2 standard deviations. The best fit value
of the signal strength μ = 1.4+0.5−0.4 (where the SM
expectation is μ = 1).

CoEPP researchers have been instrumental in this
analysis. They contributed to the reconstruction,
identification and energy calibration of the tau lepton; they
played an important role in the tau trigger and developed
the software used for the Higgs analysis. Some highlights
of CoEPP research in this channel include:
	Volpi, Barberio and PhD students Nuti, Jennens and
Brennan drove the hadronic tau energy calibration.
	Rados measured the tau trigger efficiencies for various
data taking conditions throughout the 2012 run.
	Tan investigated methods of improving the impact
parameter resolution of tracks from tau decays,
and tau flight length in the software trigger. This is a
difficult challenge in the trigger, as the reconstruction
of primary vertices requires full event information that
was not available.
	Spiller, Hanninger and Jeng contributed to the tau
identification efficiency and developed a new method
for the continuous tau identification.
	Barberio and Tan designed the analysis code used by
the H → ττ searches.
	All of the above are crucial and essential ingredients
for the H → ττ analysis.

	Hanninger, Jeng, Tan and Jennens contributed to the
H → ττ analysis and were instrumental in obtaining the
first results from the 8 TeV data.
 hile the decays to tau pairs are the dominant Higgs
W
boson signal contribution, the final states used can
additionally be produced by the decay of the Higgs
boson into a pair of W bosons that both decay to
leptons. Hanninger and Jennens pioneered the search for
H → ττ decays in the VH production mode in final states
where the W or Z boson decays into leptons. Hanninger
now leads this analysis group.
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H → WW → ℓνℓν

H → μμ

Spiller has been working on the analysis of the decay
H → μμ, the only channel where the Higgs coupling to
second-generation fermions can be measured at the
LHC. The branching fraction in this channel for a 125
GeV SM Higgs boson is about ten times smaller than
that for H → γγ and the background has a rate several
orders of magnitude larger than that from the SM Higgs
boson signal. Although H → μμ has a much lower
sensitivity than many other Higgs channels, it provides
the best mass resolution as well as a strong test for
Supersymmetry. Spiller improved the derivation of the
exclusion limits on a range of Higgs masses based on
a data driven background estimate.
Heavy Higgs-like scalar
In the post-discovery era, analyses in general need to
take into account the presence of the newly discovered
state. For searches with sufficiently high resolution of
additional states non-degenerate in mass, the strength
of the observed state and limits on the signal strength of
a potential additional state can be set independently as
discussed in the next section. However in some cases—
such as when a channel does not have a sufficiently fine
mass resolution or when the states are nearly degenerate
in mass—specific analyses need to be designed. Diglio
pioneered the searches for heavy scalar boson Higgs-like
in ATLAS. An example of such analyses is the search
for an additional state in the H → WW → ℓνℓν channel.
Diglio acted as the ATLAS contact person of the ‘LHC
Higgs Cross Section Beyond the Standard Model
working subgroup’ and convened the ‘High Mass H →
WW → ℓνℓν’ analysis group; both highly respected roles.
Diglio contributed to the study of one possible natural
extension to the Standard Model that is compatible with

FIGURE 1 (BELOW)
The measured production
strengths normalised to
the SM expectations, for
the H→γγ, H→ZZ(*)→4ℓ,
H→WW(*)→ℓνℓν final states
and their combination together
with the preliminary signal
strength measurements for the
_
H→ bb and H→ ττ final states.
The measured production
strengths are at mH =125.5
GeV, except for H→ττ which
is at mH =125 GeV. The best-fit
values are shown by the solid
vertical lines. The total ±1σ
uncertainty is indicated by
the shaded band, with the
individual contributions from
the statistical uncertainty
(top), the total systematic
uncertainty (middle), and the
theory uncertainty (bottom) on
the signal cross section shown
as superimposed error bars.

RESEARCH

While the production rate in the H → WW → ℓνℓν
channel is large, due to the presence of two undetected
neutrinos in the decay, the mass resolution is quite poor
(≈ 20 per cent) so the search is a “counting experiment”
of the event yield. Dr Takashi Kubota, with the help of a
PhD student, Pere Rados, has contributed greatly to the
analysis of this channel. Furthermore, Rados and Kubota
have been instrumental in the search of H → WW → ℓνℓν
produced in association with a gauge boson (W or Z).
Kubota is now the coordinator of this ATLAS analysis
group, and together with MSc student, Joel Smith, has
developed a new multivariate analysis. Results from this
Higgs search—including the multivariate analysis—were
presented at the international conference EPS 2013 in
July and will shortly be summarised in a journal article.

the current results and predicts the existence of an
additional neutral Higgs-like resonance in the high
mass region (above 400 GeV). She coordinated and
contributed, with the help of Masters student Taylor,
the search for a high mass Standard Model-like
Higgs boson in the H → WW → ℓνℓν final state.
As the ATLAS contact person of the ‘LHC Higgs
Cross Section Beyond the Standard Model working
subgroup’ and convenor of the ‘High Mass
H → WW → ℓνℓν’ analysis group, Diglio contributed
in setting up the procedure to evaluate the theoretical
uncertainties affecting the production cross-section
and signal distributions. The full methodology to
account for such uncertainties, the related results
as well as the model have been described within
two chapters edited by Diglio in the Handbook of
LHC Higgs Cross Sections: 3. Higgs Properties
(arXiv:1307.1347) The analysis with the full dataset
collected at a centre of mass energy of 8 TeV was
presented at the International Conference on New
Frontiers 2013.
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Introduction

Academics

The electroweak interactions describe the unification
of the electromagnetic force and the weak nuclear force
within the Standard Model theory. This unified theory
calls for a symmetry that forbids masses of all known
elementary particles. The role of the Higgs field, and the
associated Higgs boson particle, in the Standard Model
is that they explain how elementary particles can acquire
the masses we observe.

Peter Athron
Csaba Balazs
James Barnard
Robert Foot
Tony Gherghetta
Sudhir Gupta
Archil Kobakhidze
Tong Li
Kristian McDonald
Anibal Medina
Tirtha Sankar Ray
Michael Schmidt
Raymond Volkas
Anthony Williams
Lei Wu
RHD students
Shelley Liang
Alexander Spencer-Smith
Jason Yue

After the 2012 discovery of a new 125 GeV mass
particle at the Large Hadron Collider (LHC), the main
focus in 2013 was directed towards identifying its key
features, such as interactions with other particles and
charge parity (CP) and parity properties. The ultimate
goal of this exploration is to shed light on important
details of electroweak symmetry breaking and the
origin of mass. The measurements indicate that the
discovered particle was indeed a Standard Model
Higgs-like boson. This breakthrough experimental result
led to the awarding of the 2013 Nobel Prize in Physics
to theoreticians Francois Englert and Peter Higgs, who
predicted the Higgs mechanism almost 50 years ago.
The properties of the Higgs boson are unambiguously
defined within the Standard Model of particle physics.
It is an electrically neutral particle with even parity and
zero spin with couplings to other Standard Model
particles proportional to their masses. Although current
experimental data does not contradict Standard Model
predictions, precision measurements of the Higgs are still
demanded to compare SM predictions in detail. Current
experimental data is not fully capable of addressing
other remaining questions and, in fact, poses some
new challenges.
In this regard, further theoretical exploration of properties
of the LHC resonance and their implications, becomes
an important task. One can identify three major
directions in this research: (i) study of properties of the

LHC resonance, based on already available experimental
data by invoking additional theoretical considerations;
(ii) more precise calculation of production and decay
rates of the Higgs boson at the LHC within the Standard
Model and its extensions; (iii) theoretical exploration of
various extensions of the Standard Model with the aim
to understand the “bigger picture” behind the observed
particle. The research of CoEPP theoreticians in 2013
covered all these major directions and produced
important results as highlighted below. Some of these
results have been obtained in collaboration with
oversees colleagues from US, Europe and China.
Research
Exploration of properties of the LHC Higgs boson
Experiments to date favoured the standard spin-0
assignment for the observed particle over the
nonstandard spin-2 only within a specific restricted
framework. Kobakhidze and Yue, in an article entitled
“Excluding a Generic Spin-2 Higgs Impostor”, Phys.
Lett. B 727 456 (2013), considered a generic model
of the spin-2 Higgs particle. By analysing available
experimental data in conjunction with considerations
of quantum-mechanical consistency of the theory they
were able to exclude spin-2 assignment for the LHC
resonance with generic interactions as well.
If the observed LHC particle is indeed the Standard
Model Higgs boson, one may extrapolate theory at highenergies and ask whether it still maintains consistency.
It turned out the electroweak vacuum is a metastable
state and may decay into a different vacuum state.
Kobakhidze and Spencer-Smith investigated the vacuum
stability problem within the inflationary model of our
universe in Phys. Lett. B 722 130 (2013). These studies
revealed an interesting connection of Standard Model
Higgs physics with features in the Cosmic Microwave
Background radiation, which can further be probed
using the Planck satellite data.
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Higgs collider phenomenology
Study of properties of the Higgs boson at the LHC
requires good understanding of theoretical predictions
for various observables such as Higgs production and
decay rates within different models. Study of Higgs
collider phenomenology is one of the major directions
of CoEPP research.
Li and collaborators in JHEP 1311 053 (2013) studied
properties of the Higgs sector in a specific parameter
region of a minimal supersymmetric model and
discussed prospects of the discovery of related new
particles at the LHC.
Wu and collaborators computed important quantum
chromodynamic (QCD) corrections to the Higgs
production rate within supersymmetric models and
analysed results under current experimental constraints.
Higgs and Beyond the Standard Model
One of the major remaining mysteries after the
LHC discovery is the origin of the Higgs mass itself.
Technically, this is related to the naturalness problem –
why is the Higgs mass is so light compared to
other high-energy mass scales? In order to address
fundamental questions like this theoretical physicists
look for more unified description of particles and
alternative dynamical realisations of electroweak
symmetry breaking.

Several models have been studied in relation to Higgs
physics, motivated by various theoretical considerations
such as the naturalness problem. In light of available
experimental data on the Higgs boson, theoreticians
Gherghetta, von Harling, Medina and Schmidt analysed
the scale-invariant next-to-minimal supersymmetric
Standard Model in the publication JHEP 02 032 (2013).
Barnard, Gherghetta, Medina and Sankar Ray computed
for the first time a correction to the Higgs mass from
gluon partners within composite Higgs models in JHEP
1310 055 (2013). This correction actually reduces the
Higgs mass and interestingly allows the top partner
masses to be increased, thereby easing the tension
between having a light composite Higgs and heavy
top partners.
Naturalness of the Higgs mass was investigated within
the so-called exceptional supersymmetric Standard
Model by Athron and collaborators, published in Phys.
Rev. D 87 115023 (2013).
Balazs and Gupta studied properties of the Higgs
boson within the Peccei-Quinn extension of the minimal
supersymmetric Standard Model.
2014 will see further explorations of the above three
major directions; research in new directions relating
Higgs physics with cosmological phenomena, and
more detailed investigation of scale invariant models.
Increased inter-node collaborations and more active
involvement of research students are also envisaged.

Figure 2
Energy dependence
of the Higgs quartic
coupling for various
values of top-quark and
Higgs boson masses
within the Standard
Model. Negative values
of the quartic coupling
indicate instability of the
Higgs vacuum.
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There is compelling evidence for the existence of dark
matter, an exotic substance which contributes most
of the matter in the universe. While the identity and
properties of dark matter particles are unknown, there is
excellent reason to suspect that dark matter has a
mass which lies at the TeV scale. The most well studied
dark matter candidates are weakly interactive massive
particles (WIMPs), which were in thermal equilibrium
with ordinary matter in the early universe. If the dark
matter interacts with ordinary matter with an electroweak
strength coupling, the early universe freeze-out process
can naturally produce the correct dark matter relic
abundance. Importantly, this type of dark matter could
be created in collisions at the Large Hadron Collider.

Peter Athron
Csaba Balazs
Elisabetta Barberio
Nicole Bell
Yi Cai
Robert Foot
Sudhir Kumar Gupta
Kenji Hamano
Anibal Medina
Anthony Thomas
Raymond Volkas
Martin White
Anthony Williams
Ross Young
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Iason Baldes
Amelia Brennan
Jake Forster
Rebecca Leane
Sophie Underwood

Figure 3
DAMA (solid lines),
CoGeNT (dashed-dotted
lines), CRESST-II (dashed
lines) and CDMS/Si
(dotted lines) favoured
regions of parameter
space [95% C.L.] in the
mirror dark matter model
for vrot = 200 km/s.

The interaction of WIMPs with Standard Model particles
can be described in a model independent way using an
effective field theory approach. This is useful, because it
allows bounds from collider searches, direct detection,

indirect detection and relic density considerations to
be easily compared. However, an effective field theory
approach is not always valid, for example, it breaks
down if the interactions are mediated by light particles.
Research
Theory
Bell, Cai and Medina have examined an interesting
model for which usual effective theory appoach is
invalid. Specifically, they considered a co-annihilation
scenario, in which there are two dark sector particles
of similar mass, X1 and X2. The dark matter relic density

is set by the co-annihilation of the two dark sector
particles, rather than by the self-annihilation of the
lightest dark sector particle. In this case, there would
be no contribution to direct or indirect dark matter
detection signals, and hence collider constraints are
of particular importance. At the LHC, the relevant dark
matter production process is pp → X1+ X2, followed
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FIGURE 4

the properties of the currently observed Higgs boson at
the Large Hadron Collider and from the implications of
the Planck satellite on the dark matter abundance. They
found that under these (and various other astrophysical,
collider and low energy) constraints scenarios with
axinos are clearly preferred over those with axion or
neutralino dark matter.

Dark matter might signify the existence of a hidden
sector of particles and forces. The specific case where
the hidden sector is exactly isomorphic to the Standard
Model, called mirror dark matter, is an interesting
special case. Foot has studied galactic structure
within the mirror dark matter model, which features
nontrivial particle physics, including self interactions and
dissipative processes. Foot also examined the status of
mirror dark matter in view of the new dark matter direct
detection results from the CDMS/Si experiment.

Baldes, Bell, and Volkas along with former CoEPP
researcher Kalliopi Petraki, studied radiative seesaw
models of neutrino mass and their cosmological
implications for dark matter and the baryon asymmetry.
Volkas and Petraki also wrote a review paper on
asymmetric dark matter, a scenario in which the dark
matter relic abundance is determined by a matterantimatter asymmetry. Although LHC phenomenology
was not the main focus of these papers, some aspects
of dark matter at colliders were considered. [Baldes,
Bell, Petraki and Volkas, JCAP 1307 029 (2013); Volkas
and Petraki, Int. J. Mod. Phys. A28 1330028. (2013).]

A popular and well-studied dark matter candidate is
the neutralino of supersymmetric theories. Recent
work involving Athron, Forster, Thomas, White and
Underwood has investigated the cross section for
neutralino-nucleon scattering (as well as neutralinohyperon scattering) within the cMSSM, NMSSM and
E6SSM, taking into account the most recent research
results on the strange quark content of the nucleon and
LHC constraints. See the section on Supersymmetry
for further details.
Balazs and Gupta scrutinised a supersymmetric
scenario in which dark matter can be an admixture
of axions, their super-partners called axinos, and the
super-partner of the photon and Z boson: neutralinos.
To assess the plausibility of this model they performed
a Bayesian analysis of three such scenarios. The main
experimental constraints on these models came from

Experiment
Uncovering dark matter at the LHC is a nontrivial task,
because it will not interact with the detectors at all.
Instead, we can hope to infer the presence of dark
matter particles created at the LHC by ascertaining
that something is missing. A spectacular signal is that
of the mono-X (where 'X' can signify γ, Z or jets). In this
process, a single Standard Model particle recoils against
missing momentum attributed to dark matter particles
which escape the detector unseen. In 2013 PhD student
Amelia Brennan performed some preliminary work on
mono-Z signals, supervised by Barberio, Hamano and
Bell. This work will continue in 2014, with a focus on
going beyond the effective field theory description by
instead looking at simple UV complete models.

RESEARCH

by the decay of the heavier state, X1 → X2 + Standard
Model particles. The resulting signal, decay products
plus missing transverse momentum, was simulated
and compared with Standard Model backgrounds to
demonstrate that the LHC has the potential to uncover
such signals with forthcoming data. [Bell, Cai and Media,
arXiv:1311.6169.]

This all-sky image shows
the distribution of dark
matter across the entire
history of the Universe
as seen projected on the
sky. It is based on data
collected with ESA's
Planck satellite during
its first 15.5 months of
observations. Dark blue
areas represent regions
that are denser than the
surroundings, and bright
areas represent less
dense regions. The grey
portions of the image
correspond to patches of
the sky where foreground
emission is too bright,
preventing cosmologists
from fully exploiting the
data in those areas.
Image courtesy: ESA and
the Planck Collaboration.
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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.
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Lei Wu
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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 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 highenergy corrections. Supersymmetry also provides a dark
matter candidate, 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
Theory
The MSSM Higgs sector with light or heavy
super-partners
There are two parameter regions where the MSSM may
hide at the Large Hadron Collider. One of these regions
features several light Higgs-states and light superpartners. The discovery prospects of this region were
analysed in the context of experimental searches at the
LHC and the planned International Linear Collider.

In the other parameter region the only light Higgs state
is the one discovered at 125 GeV with the rest of the
Higgs and super-partner masses lying in the TeV range.
CoEPP members performed a comprehensive scan of
this parameter region and updated the constraints on
the decoupled MSSM Higgs sector in light of the 8 TeV
data from the LHC.
Solving the strong Charge Parity (CP) problem with
discrete symmetries
Supersymmetry can explain various open problems
of the Standard Model. One of these unresolved issues
is the so-called strong CP problem. In “Solving the
strong CP problem with discrete symmetries and the
right unitarity triangle” Nucl. Phys. B, 877:3 (2013)
Schmidt with overseas collaborators Stefan Antusch,
Martin Holthausen, and Martin Spinrath proposed
a new solution to this problem in the context of a
supersymmetric theory with a discrete non-Abelian
flavour symmetry.
Supersymmetric model selection
One of the most important questions of supersymmetry
phenomenology is: which supersymmetric model,
if any, is realised in nature? Based on mathematical
and physical arguments it is expected that the more
natural the model the higher might be the chance that
it appears. CoEPP researchers Athron, Balazs, Farmer,
Kim, and Hutchison are analysing the naturalness of
various supersymmetric models.
Exotic supersymmetric phenomena and dark matter
The Higgs boson itself provides important guidance
about viable supersymmetric scenarios. Nevzorov with
overseas collaborator Sandip Pakvasa studied the
decays of the Higgs boson within string-theory inspired
supersymmetric models (Nevzorov and Pakvasa,
arXiv:1308.1021). In these models there are two states
that are absolutely stable and can also contribute to dark
matter. The presence of these states can account for all
the observed dark matter.
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Bounds on super-partner masses in natural

supersymmetric context

supersymmetry

While the 125 GeV Higgs mass fits perfectly in the
MSSM, it implies light super-partners which are not
seen at the Large Hadron Collider. To resolve this
puzzle Sankar Ray and overseas collaborator Gautam
Bhattacharyya suggested that new, strongly interacting
super-particles boost the Higgs mass naturally in the
MSSM. This mechanism allows for light super-partners
just in the reach of the next Large Hadron Collider run.

CoEPP researchers examined the constraints imposed
by the Large Hadron Collider on the super-partner of
the heaviest quark, the top quark. Due to naturalness,
and an inverted mass hierarchy, this super-partner,
called the top squark is expected to be one of the
lightest. The results show that a top squark lighter than
600 GeV can be already excluded in the natural MSSM.

In a related but separate project Sankar Ray with
overseas collaborator Pritibhajan Byakti examined
a specific supersymmetry-breaking scenario, called
Gauge Mediation. In “Burgeoning the Higgs mass to
125 GeV through messenger-matter interactions
in GMSB models” JHEP, 1305 055, (2013), they
showed that a 125 GeV Higgs mass can be obtained
provided that new interactions are introduced. These
interactions connect the ordinary matter sector to the
so-called messenger sector responsible for mediating
supersymmetry breaking.
In a third study, Gherghetta, von Harling, Medina and
Schimdt studied a simple extension of the MSSM,
the Next-to-Minimal Supersymmetric Standard Model
(NMSSM), that contains an extra super-particle, and in
which naturalness can be alleviated in certain regions of
parameter space. They found that this relief in fine tuning
is only apparent, since an additional tuning appears
in order to get a 125 GeV Higgs boson mass. They
identified and studied the phenomenology of the least
fine-tuned regions of the NMSSM.
The NMSSM was also the focus of the cosmological
study of Balazs and White with overseas collaborators
Anupam Mazumdar and Ernestas Pukartas. They
examined the simultaneous supersymmetric explanation
for dark matter, the matter-antimatter asymmetry,
and inflation.
Development of numerical tools
Athron with overseas collaborators created
FlexibleSUSY. This is a Mathematica package which
makes use of the existing phenomenology tools to
create a very fast C++ code to calculate masses and
couplings for any supersymmetric model that the user
specifies. A numerical code called Next-to-Minimal
SOFTSUSY was written by Athron, Williams and Tunstall.
This element is crucial in the calculational tool chain
required for supersymmetric phenomenology.

Experiment
Supersymmetry searches with tau leptons
Jackson leads the ATLAS search for the strong
production of supersymmetric particles decaying into
final states with at least one tau lepton and missing
transverse momentum. Barnard, Saavedra and White
made key contributions to this analysis causing a shift
in the search strategy. Modifying the approach outlined
in a publication in Physical Review Letters, by Barnard,
Farmer, Ghergetta and White one could probe parameter
spaces where the stau is a possible candidate for the
next-to-lightest supersymmetric particle in models of
natural gauge mediation. This yielded the first model
independent results on naturalness. Although no
deviation from the Standard Model expectation was
observed important exclusion limits were derived for
the MSSM. Gluinos were excluded with masses below
1.4 TeV, and charginos with masses up to 350 GeV were
excluded, both under certain theoretical assumptions.
Search for direct stop production in di-lepton
final state
White performed two other searches for the direct
pair production of super-partners of the top quark for
8 TeV collisions at the ATLAS detector. Top squarks
are sought in events with two leptons in the final state.
No excess above the Standard Model expectation was
observed. Exclusion limits were derived on the mass of
the top squark assuming it decays into a b-quark and
a chargino, using a search which exploits the transverse
mass variable, or into a top quark and the lightest
neutralino using a multivariate analysis technique.
Searches for R-parity violating Supersymmetry with
displaced vertices
Jackson and Soni were influential in performing a search
for long-lived neutral particles decaying in the ATLAS
tracking volume. Such objects could be evidenced by
the unique signature of a vertex considerably displaced
from the interaction point, with a muon emerging from it.

RESEARCH
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In an essentially background-free environment no
signal was observed. The results were interpreted in
terms of supersymmetric models where the lightest
supersymmetric particle is unstable and decays to
Standard Model particles, including at least one muon.
Phenomelogical MSSM
RESEARCH

Petersen has pioneered in ATLAS the use of
very generic Supersymmetry models (so-called
‘phenomelogical MSSM’ or pMSSM) which provide
a more comprehensive coverage of Supersymmetry
theories than the specific models commonly used in
ATLAS. This study is done in collaboration with Professor
Rizzo, SLAC, USA. Petersen is evaluating the impact
on these models from wide range ATLAS searches for
physics beyond the Standard Model including almost
all ATLAS Supersymmetry searches. The pMSSM is

FIGURE 4
The allowed range of
supersymmetric particle
masses (in Giga electron
volts (GeV)) in the next-tominimal supersymmetric
standard model with the
Higgs boson (h) fixed
at 125 GeV. The green,
blue and red bands
correspond to a tuning
of parameters in the
model that is better than
5%, between 1% and
5%, and worse than 1%,
respectively. This implies
that the natural region of
parameter space will be
fully explored during the
next run of the LHC
in 2015.

a large class of Supersymmetry models framed by 20
parameters beyond those of the Standard Model. By
varying these parameters, the mass and phenomenology
of the Supersymmetric particles in the model change
dramatically, giving rise to a large spectrum of new
physics signatures. At the same time the models are
required to be consistent with the low-energy and LEP
measurements most sensitive to new physics signals as
well as the Higgs mass measured at the LHC and the
relic dark matter density observed in the universe.
Squark and sgluon
Petersen coordinates the searches for supersymmetric
partners to quarks and gluons, the largest group of
Supersymmetry searches at the LHC, including the
Supersymmetry searches with tau leptons.
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Exotic physics looks at particles and phenomena
that lie outside the Standard Model and beyond
Supersymmetry. Exotic physics defies expectation and
can be considered research into physics beyond the
Standard Model that is not included in Supersymmetry.
CoEPP concentrates on three specific areas of exotic
physics, these include searches for new physics in
multilepton final states, new heavy bosons and the
search for and measurement of exotic Onia states.

Elisabetta Barberio
Kenji Hamano
Paul Jackson
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Matteo Volpi
Bruce Yabsley
RHD students
Cameron Cuthbert
Lucas Ong

research

The search is conducted in separate channels based on
events containing at least four leptons. The estimation of
various backgrounds is a crucial part of the search and
Soni’s work provides the estimation of backgrounds from
fake taus and the associated systematic uncertainties.
CoEPP alumnus Lucas Ong contributed to the electron
and muon selection.
The analysis, based on a 4.6 fb-1 data sample at the
centre-of-mass energy of 7 TeV, yields no significant
excess above the backgrounds expected from the
Standard Model. This result has been published in the
journal Phys. Rev. D 87 052002 (2013). Soni is now
participating in a new analysis, exploiting the 20.3 fb-1

Search for heavy bosons

data set at the center-of-mass energy of 8 TeV.

Volpi is conducting a search for new bosons (Z’), using
tau decays. These new particles are predicted by many
replacements of the Standard Model, such as extradimensions or extended Higgs sectors. The analysis
involved the full ATLAS data set and will be finalised for
publication soon.

Search for, and measurements of, Onia

Search for new physics in multilepton final states
The Adelaide and Melbourne groups are involved in
analysis searches that can provide evidence for new
phenomena. The production of multilepton events
has been predicted by many models such as excited
neutrino models, fourth-generation quark models and
Supersymmetry models.
The Adelaide group is involved in the physics analysis
with collaboration of colleagues from NIKHEF (National
Institute for Subatomic Physics, Netherlands) and LBNL
(Lawrence Berkeley National Laboratory, USA).

Heavy quark pairs—either a charm quark and antiquark,
or a beauty quark and antiquark—form bound states
under the strong interaction. The properties of these
states can be successfully explained using a very simple
potential form. Over the last 15 years, a number of new
states have been observed which cannot be understood
using this simple model, and are consequently
categorised as exotica. The best-established of these
exotic states in the charm system is the X(3872). It is
reasonable to assume that a similar state in the beauty
system must exist, the so-called Xb. The discovery of
the Xb would provide an important input for any model
aiming to explain these exotic states. Yabsley and
Cuthbert have performed a search for the Xb state in the
π+π- � (1S) decay channel using data collected by ATLAS
in 2012. This analysis will be published early in 2014.

RESEARCH
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Neutrinos are elementary particles that play a unique role
in our understanding of fundamental interactions. They
interact extremely weakly, are either very long-lived or
stable, and have very small masses compared to other
particles such as electrons and quarks. It is the issue of
neutrino mass that motivates this research project.
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Michael Schmidt
Raymond Volkas
RHD students
Francesco Nuti
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In the simplest version of the Standard Model of particle
physics, the three neutrino types are incorporated as
exactly massless particles. According to Einstein’s
theory of special relativity, particles of zero mass are
always constrained to travel at the speed of light.
Indeed, the quanta of light—photons—are themselves
massless particles. However, a relatively recent triumph
of particle physics experimentation has been the proof
that neutrinos actually have non-zero, albeit unusually
small, masses. This breakthrough was achieved by
observing neutrino oscillations, the quantum mechanical
morphing of one neutrino type into another, an effect
that can only happen if the three neutrino species have
different masses.
These experiments established that the Standard Model
is incomplete; it must be extended in some way to
account for non-zero neutrino masses. There are a priori
many ways to do this, with the experimental challenge
being to discriminate between the plethora of theoretical
possibilities. Some of the proposed mechanisms for
neutrino mass generation can be tested at the LHC.
The goals of this project are to study theoretical models
for neutrino mass that motivate the existence of new
physics at the LHC, and to use LHC data to search for
the predicted new particles and interactions.
research
Theory
A puzzling aspect of the neutrino masses is that they
are so small. From terrestrial experiments, we know that
the neutrino masses are below 1 electron volt (eV), and
cosmological analyses suggest an even smaller upper
bound of about 0.2 eV. This should be compared with
the next lightest particle, the electron, whose mass is
about 511 keV (keV = 103 eV). It seems reasonable

to hypothesise that the mechanism of neutrino mass
generation is different from that of electrons, muons,
tau leptons and quarks. One generic kind of explanation
for why neutrinos are so light is used in so-called
“see-saw models”, which will be further discussed in
the experimental section below. The theories that were
focused on in the 2013 theoretical research are called
“radiative neutrino mass models” or radiative models
for short.
The basic idea of radiative models is that neutrinos
gain mass through subtle quantum mechanical effects
involving as-yet undiscovered, very massive particles.
Because the required new particles are very massive,
and the quantal effects so weak, the neutrino masses
thus generated are very small.
This general idea was proposed more than 30 years
ago by Zee in the context of a particular radiative
model involving certain specific new massive particles.
However, it turns out that many radiative models are
possible, which motivates a systematic study of their
construction, leading to a systematic analysis of how
these many possibilities can be searched for at the
LHC and other experiments. CoEPP researchers have
mapped out a way to accomplish this.
Rodd and Volkas, with CoEPP alumnus Paul Angel, in
a paper entitled “Origin of neutrino masses at the LHC:
ΔL = 2 effective operators and their ultraviolet
completions”, published in Phys. Rev. D 87 073007
(2013), built on earlier work by Babu and Leung
by explaining how to systematically draw Feynman
diagrams describing neutrino mass-generation
processes. The Feynman diagrams provide a pictorial or
intuitive representation of how the quantal effects of new
massive particles lead to non-zero neutrino masses. By
doing a general survey, Angel et al essentially produced
an “instruction book” permitting other researchers to
efficiently construct new radiative neutrino mass models.
This was followed up in an article by Angel, Cai, Rodd,
Schmidt and Volkas in JHEP 10, 118 (2013) entitled
“Testable two-loop radiative neutrino mass model
based on an LLQdcQdc effective operator”. They used
the instruction book to construct a completely new
radiative model. They then exhaustively analysed existing
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experimental constraints on the parameter space of
the theory, and began an investigation of LHC search
strategies to test it.

Work performed at the Sydney node by McDonald
included the classification and discovery of a new class
of models for neutrino mass, as published in JHEP
1307 020 (2013). These models are neither purely seesaw in character (see below), nor purely radiative. One
of the models predicts the existence of a quadruplet of
exotic fermions, with distinctive signatures at the LHC.
If these new particles are at the TeV scale, the LHC
could establish their existence at the five-standarddeviation level – see JHEP 1311 131 (2013).
Experiment
The experimental part of this research concentrated
on testing a theory called the “type-III see-saw model”,
which was proposed by University of Melbourne
theorists in 1989. In common with the type-I and type-II
see-saw models, this theory proposes that neutrinos
are so light because their masses have an inverse
relationship with a high mass scale corresponding to
new particles that go beyond the Standard Model. As
the high mass scale, which is a free parameter, is made
larger, the neutrino mass scale becomes lower. The
see-saw theories are the simplest ways of explaining the
anomalous lightest of neutrinos, and thus have received
much attention over the years.
The type-III see-saw model proposes that each of the
three neutrino species has a set of partner particles
called “Majorana fermion isospin triplets”, or triplet
fermions for short. The word “triplet” indicates that
there are three of these particles. Two of these form an
electrically-charged particle/antiparticle system called
N- and N+, while the third state N0 is an electrically
neutral particle that behaves essentially like an
extremely massive exotic neutrino. The mass scale of
the N-particles plays the role of the high mass scale
discussed in the previous paragraph.
The proton-proton collisions at the LHC can produce
pairs of these exotic leptons, N- N0 and N+N0, through

There is also on-going research on same-sign dilepton
final states, led by Hamano and Nuti. The processes to
produce two leptons with the same electric charge is
a unique signature in proton-proton collisions and very
well-related to certain neutrino mass generation models
that predict doubly-charged scalar particles. The type II
see-saw model and the Zee-Babu radiative model are
examples. The type II see-saw model proposes scalar
triplets to explain neutrino masses using a see-saw
mechanism, while the Zee-Babu model introduces
massive exotic singly-charged and doubly-charged
scalars to generate neutrino masses from quantal effects
(as discussed above). In both cases, the doubly-charged
scalar particle decays to a same-sign lepton pair. The
search is very mature and a paper is due to be published
in early 2014.

FIGURE 5
The expected (dashed line)
and observed (solid line)
exclusion limits at 95%
confidence level on σB as
a function of the fermion
mass mN assuming
|Ve| = 0.055, |Vμ| = 0.063
and |Vτ| = 0 and for B
=1 (LO theory). The dark
(green) and light (yellow)
shaded areas represent
the 1 standard deviation
(68% CL) and 2 standard
deviations (95% CL)
limits on the expected,
respectively. At mN = 420
GeV, the probability to
have equal to or more than
the observed number of
events with a background
only hypothesis, p0, is
found to be 0.20.

RESEARCH

Future work will see the LHC phenomenology of this
new model more extensively investigated. Exotic
particles such as “leptoquarks”, which have a dual
nature that is partly lepton and partly quark, and very
heavy new strongly interacting fermions, are predicted
by the theory. These states can be searched for at the
LHC. In addition, the instruction book will be used to
perform a complete survey of the simplest class of
radiative models.

the weak interaction. The theory then predicts that the
N- can decay to a Z-boson plus either an electron or a
muon (collectively called an l- lepton), while N+ decays
in a similar fashion to the corresponding antiparticles.
The Z-boson subsequently decays part of the time to
l-l+. The N0 decays to l+ or l- plus a W-boson.
In research led by Barberio, Hamano and CoEPP
alumnus Lucas Ong (see ATLAS-CONF-2013-019),
the 4-lepton final state thus produced was searched
for using the ATLAS detector at the LHC, with no events
above expected backgrounds observed. This allowed
a lower bound of 245 GeV (GeV = 109 eV) to be derived
for the masses of the N-particles, thus constraining the
allowed parameter space for the important type-III seesaw model.
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INTRODUCTION

Academics

The Standard Model assumed its current form in the
mid 1970s and has since achieved remarkable success
through discoveries of the weak gauge bosons, the top
quark, tau neutrino and very recently the Higgs boson.
The search for physics beyond the Standard Model is
done in two ways: one can directly search for evidence
of particles not predicted within the SM, or test the
predictions for rates of SM processes or properties of
known particles. This section describes the effort on the
latter approach.

William H Bell (Geneva)
Doug Benjamin (Duke)
Allan Clark (Geneva)
Kevin Finelli
Mark Kruse (Duke)
Antonio Limosani
Aldo Saavedra
Kevin Varvell
Ross Young
RHD students
Nikhul Patel
Carl Suster (Honours)
Ian Watson
Chen Zhou (Duke)

Currently the measurements of SM processes at
the LHC include the analysis framework, AIDA
(“An Inclusive Dilepton Analysis”) and a dedicated
differential measurement of the top-quark pair production
cross-section. Furthermore, complementary to the
LHC, the structure of the proton is being explored in
unprecedented detail at the Jefferson Lab in the US,
of particular significance, is the measurement of the
weak charge of the proton.
research
AIDA
This project spans CoEPP’s Melbourne and Sydney
nodes, and involves partner institute, Duke University.
Originally spawned by an ARC Discovery Project grant
(DP1094843) with Chief Investigator Limosani and
Partner Investigator Mark Kruse (Duke), this project has
now grown to become a pillar in the Centre’s research
program. ATLAS internally approved AIDA in 2013,
which has directly led to the production of journal
publication drafts for Physical Review Letters and
Physical Review D.
The analysis formally 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 an 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 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).
Building on measurements made in 2012, 2013 has
seen AIDA undergo a series of extensive crosschecks
and internal reviews, leading to a thorough exploration of
the implications and interpretations of the measurement.
Upon publication it will break new ground within ATLAS
on several fronts by being: the first analysis to present
fiducial measurements of top-quark pair production;
ATLAS’ most precise measurement of the top quark
pair production cross-section at 7 TeV; 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.
Given that this analysis is conducted on ATLAS
data, there is a rich involvement of other international
physicists who served on the internal ATLAS peer review
committee. Notably this includes Daniel Froidevaux
(CERN), Masahiro Morii (Harvard), Wolfgang Liebig
(Nikhef) and James Cochran (Iowa State). The program
of understanding proton PDFs subsequently led to
ATLAS researchers James Ferrando (Glasgow) and
Mykhailo Lisovyi (DESY) formally joining the AIDA team.
In 2013 Suster completed an honours thesis titled
“A measurement of the production cross-section
of single top quarks in the dilepton final state”. This
study encompasses the next challenge for AIDA
measurements through testing the sensitivity of the
technique to rare SM processes, which is necessary
to extend the reach of the global test of the SM.
Due to the heavy involvement of AIDA team members
in the ATLAS “Top Quark” and “SM” working groups,
invited presentations were given by Finelli on top-quark
measurements at the “First LHC Physics Conference”
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held in Barcelona and by Aldo Saavedra on AIDA
measurements at the ATLAS SM measurements
workshop hosted at Harvard University.

A notable quality of the AIDA approach is that it provides
a model-independent search for new physics, and
does this by mapping the inclusive phase space of jet
multiplicity and missing transverse energy in regions
beyond where SM processes are expected to contribute.
Future iterations of AIDA are set to exploit this novel
feature with moves being made in this direction through
involvement in the ATLAS Supersymmetry workshop
where—for example—so-called razor variables, copioneered and extended within ATLAS by Jackson,
offer a means to improve the sensitivity to searches
for new particles beyond the SM. This rich array of
new physics sensitive variables will be explored in the
context of AIDA. In late 2013 a student summer project
at the University of Sydney commenced with the goal
of delivering a means to rapidly estimate limits on new
physics models using measurements made with AIDA.
This powerful tool will help optimise the physics reach of
future AIDA-based measurements.

The proton is a complex object consisting of quarks and
gluons. In 2013 the first experimental determination of
the weak charge of the proton was carried out at the
Thomas Jefferson National Accelerator Facility (Jefferson
Lab). The results published in Physical Review Letters
include the determinations of the weak charge of the
neutron, and of the up quark and down quark. Ross
Young is a member of the Q-weak experiment, which
performed these measurements. The weak charge of
the proton represents the strength of the weak force's
pull on the proton, a measure of how strongly a proton
interacts via the weak force. Since the Standard Model
precisely predicts the weak charge of the proton it is an
ideal parameter to measure experimentally.
The measurement, in agreement with the Standard
Model prediction, uses only four per cent of the available
data. Hence a planned updated measurement using
the full data set will provide a rigorous test of the
Standard Model and minimally will provide constraints
on new physics at the scale of energies being explored
at the LHC.

Differential top quark production

This project involves partner institute University
of Geneva and forms the basis of Watson’s PhD
dissertation, which is co-supervised by Kevin Varvell and
Allan Clark (Geneva), with heavy involvement from William
H Bell (Geneva). Watson is a cotutelle PhD student at the
University of Sydney and University of Geneva.
Breaking new ground, 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. A journal publication
draft is in development and will be published in 2014.
Future directions for this measurement using 8 TeV
collision data include extensions to double differential
distributions in both transverse momentum and rapidity.

MISSING TRANSVERSE ENERGY

cross-section measurement

WW

Z → ττ

(WW), and tau leptons
(Z → ττ) shown here
in blue.

_
tt

WZ / ZZ

W + jets

Figure 6
The measurement
phase space of AIDA
at the LHC using ATLAS
data. The Standard
Model processes are
labelled on the diagram.
The dominant processes
measured in AIDA include
pair production of top
quarks ( ), W bosons

Wt
Z → ee/µµ
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CoEPP's Sydney node held an AIDA workshop from
15–19 July in order to plan for the new measurements
required with 8 TeV collision data. Following from this
8 TeV analysis began and has expanded to include
additional leptons in the final state and same charge sign
and same flavour leptons. This expansion will extend
the physics reach, by increasing the sensitivity to rare
diboson and Higgs production processes.

Weak Charge of the Proton
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Introduction

Research Computing

The CoEPP Research Computing team had another
successful year of delivering reliable computing
resources to the Worldwide LHC Computing Grid
(WLCG). The Australian-ATLAS Tier 2 grid site delivered
on 99 per cent of its computation pledge to the ATLAS
experiment with 98.6 per cent reliability and 97.6 per
cent availability rating, as well as providing 800 terabytes
of grid storage.

Lucien Boland
(Research Computing
Manager)
Sean Crosby
(Research Computing
System Administrator
and Developer)
Sachin Wasnik
(Research Computing
Scientific Officer)
CoEPP Cloud Project
Joanna Huang
(e-Research Developer
and Team Leader)
Ross Wilson
(eResearch Developer)
Shunde Zhang
(eResearch Developer)
James Khan
(eResearch Developer)
Antonio Limosani
(Data Consultant)
Martin Sevior
(Project Manager)
Anthony Williams
(Chair of RT07 NeCTAR
project governance board)

During the LHC's Long Shutdown 1 it has been
important for the grid computing infrastructure to not
only remain fully operational but also to grow in capacity
to meet the physics programs which include large-scale
Monte Carlo simulated event generation, raw data
reprocessing, and physics researcher analysis jobs.
The Australian-ATLAS Tier 2 grid site was expanded
proportionally to the requirements of the ATLAS
experiment.
Local computing resources for use by Australian CoEPP
physicists were significantly enhanced during 2013,
primarily through the deployment of virtual resources
in the Australian Nectar Research Cloud and on the
Research Data Storage Infrastructure (RDSI).

service interruption. This allowed the completion of over
2,600,000 grid jobs during the calendar year.
The Research Computing team also improved the
CoEPP Tier 3 computing resources available to
the experimental nodes. A new two-node cluster
was deployed in Adelaide with storage provided by
eResearch South Australia. Sydney's Tier 3 cluster
was upgraded to Scientific Linux 6.4 and brought into
the CoEPP deployment framework; while Melbourne's
cluster was also upgraded to Scientific Linux 6.4.
CoEPP computing resources and infrastructure
As CoEPP's grid, cloud and local computing cluster
resources grow, the infrastructure needed to support all
these services must also scale appropriately to deliver
the required performance and reliability. To this end the
Research Computing team invested effort into three
significant updates. The virtualisation farm was doubled
from two fail-over servers to a cluster of four servers. The
shared storage infrastructure underpinning the virtualisation
farm was reconfigured to be more resilient to hardware
failure with the capability to auto-recover from single drive
failures. Lastly, a database server was commissioned to
consolidate the many smaller infrastructure databases
onto a single redundantly configured platform.

Highlights and achievements

Cloud Computing

Grid Computing

The Cloud team contributed to seamlessly integrate
national research cloud resources based on OpenStack
into CoEPP's infrastructures with minimal modification
to existing system works. 400 extra CPU cores were
initially added to CoEPP Tier 2 and Tier 3 resources this
year which will be expanded up to 3,000 in 2014. Both
the Tier 2 grid infrastructure and Tier 3 local computing
cluster are now able to automatically allocate and
manage dynamic resources on the cloud on-demand.
The cloud system is in fully functioning production
and has been widely used by CoEPP theorists and
experimentalists to run simulation and analysis jobs.
Over 200,000 ATLAS Monte Carlo production jobs were
completed on cloud over 2013. In August 2013 the Tier
3 system was augmented with cloud resources, leading
to a 400 per cent improvement in system use. The new
system enables researchers to be full participants in the
hunt for New Physics at the international scale.

The Australian-ATLAS grid site saw two major hardware
expansions in 2013. The compute capability grew by
1000 HEPSPECs (ten per cent) with the addition of 8
new Dell PowerEdge R620 multicore servers and our
storage capacity expanded by 80 terabytes to 840
terabytes of grid connected storage.
Two major grid software upgrades were also performed
in 2013 to ensure maximum performance, system
security and grid compatibility. Firstly, the middleware
software stack—which underpins all grid operations—
was migrated from gLite to the European Middleware
Initiative 2.0 (EMI2). Secondly, all cluster nodes and
infrastructure nodes were upgraded from Scientific
Linux 5.8 to Scientific Linux 6.4. All hardware and
software upgrades in 2013 were achieved with minimal
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BELOW
Image showing rackmounted batch servers.
These form the core of
the Australian - ATLAS
Tier 2 facilities.

Research computing in 2014
The Research Computing team will continue to strive to
provide one of the most dependable Tier 2 grid sites in
the WLCG. We will achieve this through careful planning
and architecture of computing solutions that meet
the requirements of our international partners and our
local researchers. We will continue to improve systems
infrastructure with the best practices being developed
around the world for large scale site administration
including declarative system definitions, proactive service
monitoring and historical performance analysis.
In 2014 there will be an expansion of the AustralianATLAS Tier 2 compute capability and storage capacity
as well as a continued push to utilise more of the
Australian Nectar Research Cloud and RDSI storage
services. 2014 will see the completion of the CoEPP
Cloud Project and the operationalising of its services,
supplementing our Tier 2 and 3 physical capabilities with
the shared virtual resources allocated to CoEPP.
Research Computing will also continue to engage with
the physics researchers to ensure that their computing
needs are being met by the services being provided and
that they are aware of the resources available to them
on all of CoEPP's computing platforms, be it physical
hardware, grid sites or in the cloud.

RESEARCH

LEFT
Queensberry Street
Data Hall 2 where
the Australian ATLAS
computing nodes
are located.

“Nature's imagination far
surpasses our own.”
Richard Feynman
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Collaborations
CoEPP researchers are not only
involved in large-scale collaborations
such as ATLAS, they also collaborate
with individuals on specific research
areas and projects. These collaborative
relationships span the globe and are
listed below by institution.
PERSONNEL

Albert-Ludwigs-Universität Freiburg, Germany
Dr Martin Flechl, Prof Karl Jakobs
Tau lepton identification correction factor study in the
ATLAS experiment; higgs to tau tau.
Aristotle University of Thessaloniki, Greece
Dr Kostas Kordas
Fast Tracker project in the ATLAS experiment.
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.
Bergische Universität Wuppertal, Germany
Prof Dr Wolfgang Wagner
Beyond the Standard Model searches through the
WW channel in the ATLAS experiment.

Brookhaven National Lab, USA
Prof Sally Dawson, Prof Amarjit Soni
CP violating processes at the LHC; 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.

Carleton University, Canada
Prof Heather Logan
BSM LHC Higgs Cross section Working group.
CERN, Switzerland
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
DESY, Germany
Dr Mykhailo Lisovyi
Simultaneous measurements of Standard Model cross
sections at the ATLAS experiment.
Duke University, USA
Dr Doug Benjamin, Prof Mark Kruse, Chen Zhou
Simultaneous measurements of Standard Model cross
sections at the ATLAS experiment; Inclusive dilepton
analyses in ATLAS (AIDA); Search for Upsilon production
in association with a weak vector boson.
Durham University, UK
Dr Peter Ballett, Prof Silvia Pascoli
Testing atmospheric mixing sum rules at precision
neutrino facilities.
Fermilab, USA
Dr Felix Yu
Higgs invisible decay.
Henan Normal University, China
Dr Ning Liu
Higgsino searches in natural SUSY at the LHC.
HRI, India
Ujjal Kumar Dey
Higgs couplings in extra-dimensions.
Indiana University, USA
Dr Jonathan Hall
Direct detection of dark matter in the E6SSM.
INFN, Italy
Dr Antonio Baroncelli, Dr Michela Biglietti,
Dr Ada Farilla, Prof Paola Giannetti
Higgs boson study through the WW channel in the
ATLAS experiment.
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INFN, Italy and Yerevan Physics Institute, Armenia
Dr Aram Kotzinian
Exploring spin effects in semi-inclusive deep inelastic
reactions.
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 Física Teórica, Spain
Dr Jong-Soo Kim
NMSSM models.

IphT, CEA-Saclay, France
Dr Enrico Bertuzzo, Prof Carlos Savoy
Composite Higgs models.
Johns Hopkins University, USA
Dr Sara Bolognesi
BSM LHC Higgs Cross section Working group.

McGill University, Canada
Dr Pat Scott
Indirect detection constraints for phenomenological dark
matter scenarios; New simulation framework for particle
phenomenology.
Monash University
Keven Rev
Flavour-violating Supersymmetry.
MPI für Kernphysik, Germany
Dr Martin Holthausen
A solution of the strong CP problem in the context
of discrete flavour symmetries.
NExT Institute, University of Southampton, UK
Prof Stefano Moretti
Exceptional Supersymmetric Standard Model.

Karlsruhe Institute of Technology, Germany
Dr Margarete Mühlleitner, Dr Kathrin Walz
Natural Supersymmetry and SUSY Higgs
(Next-to-minimal Supersymmetric Standard Model).

NIKHEF, Netherlands
Dr Kalliopi Petraki, Dr Pier-Olivier DeViveiros
Dark matter models including collider implications;
Search for new physics in events with charged
multilepton final states at ATLAS.

KEK, Japan
Prof Kaoru Hagiwara, Dr Soshi Tsuno
Tau lepton polarisation; Tau trigger data quality
monitoring in the ATLAS experiment.

Oskar Klein Centre, Sweden
Dr Abram Krislock
New simulation framework for particle phenomenology;
New techniques for simplified model combinations.

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.

Pisa University, Italy
A/ Prof Chiara Roda
Study of the tau triggering in the ATLAS experiment.

Kyoto Sangyo University, Japan
Dr Hiroaki Sugiyama
Development of a simulation for the coloured Zee-Babu
neutrino mass model.
Laboratoire de l'accélérateur linéaire, France
Dr Marumi Kado, A/ Prof Reisaburo Tanaka
Higgs analysis; BSM LHC Higgs Cross section
Working group.

Roma Tre University, Italy
Dr Biagio Di Micco, 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
Semiconductor Tracker (SCT) Data Acquisition software
and hardware development.

PERSONNEL

Iowa State University, USA
Prof David Atwood, Prof German Valencia
Flavour-violating Higgs; top-quark forward-backward
asymmetry; CP violating processes at the LHC.

Lawrence Berkeley National Laboratory, USA
Dr Mike Hance, Dr Zach Marshall, Dr Rustem
Ospanov, Dr Sasha Pranko
Search for new physics in events with charged
multilepton final states at ATLAS; Development of
searches for new physics with Super Razor Variables;
Higgs to tau tau.
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SINP, India
Prof Gautam Bhattacharyya, Pritibhajan Byakti
Constraints on supersymmetric models; Gauge
Mediated Supersymmetry Breaking (GMSB) models.

Universität Siegen, Germany
Dr Christop Luhn
Testing atmospheric mixing sum rules at precision
neutrino facilities.

SISSA, Trieste, Italy
Dr Andre de Simone, Dr Benedict von Harling
Simplified models of dark matter at the LHC; Nonminimal supersymmetric models and Higgs couplings.

University of Lancaster, UK
Prof Anupam Mazumdar, Ernestas Pukartas
Supersymmetric dark matter properties and detection
prospects; matter-antimatter asymmetry and inflation in
various supersymmetric scenarios.

Stanford University, USA
Prof Savas Dimopoulos
Naturalness in supersymmetric models.

PERSONNEL

Stanford University/ SLAC, USA
Dr Martin Kocian, Prof Dong Su
Readout electronics hardware and software.
Technische Universitaet Dresden, Germany
Prof Dominik Stoeckinger, Prof Axel Voigt
Flexible Supersymmetry; Next-to-Minimal Softsusy.
The Niels Bohr Institute, Denmark
Prof Holger B. Nielsen, A/ Prof Stefania Xella
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; 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.
The University of Tokyo, Japan
A/ Prof Tatsuya Masubuchi
Higgs boson study through the WW channel in the
ATLAS experiment.
Tokai University, Japan
Prof Wolfgang Bentz
Modelling quark hadronisation process.

University of Adelaide
Dr Paul Coddington, Ross Wilson, Dr Shunde Zhang
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
Prof Antonio Ereditato, A/ Prof Mark Schumann,
Dr Lewis Tunstall
Xenon Dark Matter Experiment; Next-to-Minimal
Softsusy.
University of Bonn, Germany
Dr Philip Bechtle, Dr Will Davey, Prof Klaus
Desch, Dr Jochen Dinfelder, Steffen Schape,
Dr Phillip Urquijo
ATLAS Supersymmetry searches in tau final states;
Tau lepton identification correction factor study in
the ATLAS experiment; The search for high-mass
resonances decaying into two taus final states for the
ATLAS experiment; Leptonic and semileptonic decays
of B mesons; Tau trigger data quality monitoring in the
ATLAS experiment.

Universität Basel, Switzerland
Prof. Stefan Antusch
A solution of the strong CP problem in the context
of discrete flavour symmetries.

University of Cambridge, UK
Prof Benjamin Allanach, Dr Nick Barlow,
Dr Sky French, Prof Andy Parker, Dr David Robinson
Next-to-Minimal Softsusy; Search for long lived particles
with ATLAS detector; Searches for displaced vertices;
ATLAS searches for supersymmetric top quarks;
Semiconductor Tracker (SCT) Data Acquisition software
and hardware development.

Universität Karlsruhe, Germany
Dr Martin Spinrath
A solution of the strong CP problem in the context
of discrete flavour symmetries.

University of Chicago, USA
Prof Lian-tao Wang, Prof Fedor Bezrukov
MSSM/NMSSM Higgs sector in light of Higgs discovery;
Higgs inflation.
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University of Geneva, Switzerland
Dr Will Bell, Prof Allan Clark, Dr Thomas Jacques,
Prof Antonio Riotto
Top quark differential distributions in the ATLAS
experiment; Simplified models of dark matter at the LHC.

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 Milan, Italy
Dr Attilio Andreazza, Prof Chiara Meroni
Tau lepton identification correction factor study in the
ATLAS experiment; Tau performance studies in ATLAS.
University of Oregon, USA
Dr Mansoora Shamim
Tau trigger data quality monitoring in the ATLAS
experiment.
University of Oslo, Norway
Anders Kvellestad A/ Prof Are Raklev
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 Sussex, UK
Dr Fabrizio Salvatore
Search for SUSY with taus.
University of Turin, Italy
Dr Mario Pelliccioni
BSM LHC Higgs Cross section Working group.
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 Wisconsin, USA
Dr Laskar Kashif
Beyond the Standard Model searches through the WW
channel in the ATLAS experiment.
Yale University, USA
Dr Cristobal Cuenca, A/ Prof Sarah Demers
Tau trigger data quality monitoring in the ATLAS
experiment; Higgs boson study through the tau pair
decay channel and associated production mode
in ATLAS.
Zhengzhou University, China
Prof Fei Wang
Supersymmetric model building with composite states;
supersymmetric unification of all forces, new dark matter
candidates; new Higgs particles.

PERSONNEL

University of Glasgow, UK
Dr Andy Buckley, Dr James Ferrando, Prof Colin
Froggatt, Dr David J. Miller
New simulation framework for particle phenomenology;
New techniques for simplified model combinations;
Simultaneous measurements of Standard Model
cross sections at the ATLAS experiment; Supergravity
models with degenerate vacua and dark energy density;
Two Higgs doublet extension of the Standard Model;
Exceptional Supersymmetric Standard Model.

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.

“The public understanding
of science is … an essential
requirement for survival in our
increasingly technological age.”
Leon M. Lederman
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Outreach activities
Outreach
Advisory
Committee
Nicole Bell (Chair)
Catherine Buchanan
Caroline Hamilton
Paul Jackson
Archil Kobakhidze
Aldo Saavedra
Geoffrey Taylor
David Varvel

The 2013 program of events saw CoEPP engage in
a great array of vastly different activities which included
public lectures, high-school physics masterclasses,
participation in National Science Week events and
the development of projects aimed at non-traditional
audiences. In addition to organising its own projects
and events, CoEPP participated in a number of external
events organised by museums, universities and scientific
organisations. One of these eventuated through an
unlikely association between celebrated Australian
contemporary artist Peter Kennedy, and CoEPP Director
Professor Geoff Taylor; and saw the creation of a new
neon light installation as part of the National Gallery of
Victoria’s "Melbourne Now" exhibition. The work,
titled ‘Light rain – and everything we know about the
universe (except gravity)’ depicts the Standard Model
Lagrangian, and covers over 80 metres of wall space
at the NGV International.

Women in Physics
The Women in Physics program is run by the Australian
Institute of Physics (AIP) whose vision is to enhance
Australia's capacity in physics by supporting the
increased engagement of women in physics. It does
this through advocacy, support and the advancement
of cultural change. One element of the program is
the Women in Physics lectureship position. This role
is highly prestigious and was received in 2013 by
CoEPP’s Professor Elisabetta Barberio. The role allows
the opportunity to promote the field of physics to high
school students, the general public, and celebrates
the contribution of women to advances in physics.
It is designed to give aspiration to the next generation
of female physicists in Australia. Programs such as this
one are vital in providing positive role models for
young women.
In her role as Women in Physics lecturer, Professor
Barberio travelled the country and gave over twenty
talks at schools and universities on the significance of
the Higgs boson discovery, the ATLAS experiment and
future directions in research. This great achievement by
Professor Barberio highlights her role as a leader in highenergy physics research.

OUTREACH

RIGHT
Elisabetta Barberio
(centre) with students
and teachers from
Mentone Girls' Grammar
School at the 2013
Science Breakfast.

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.
In 2013, the Centre formed an Academic Outreach
Advisory Committee with representatives from all nodes to
develop strategy, oversee budget and guide activities.
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International Masterclass

OUTREACH

RIGHT AND BELOW
Students participating
in the 2013 International
Particle Physics
Masterclass, held
concurrently in Adelaide,
Melbourne, Sydney and
Medford (USA).

An important element of CoEPP’s outreach program
is to educate and inspire the next generation of
high-energy physics researchers through meaningful
programs. The international masterclass program in
2013 provided a great opportunity for high-school
students to learn the basics of high-energy physics,
work with real experimental data, and experience what
it would be like to work within a scientific collaboration
such as ATLAS. The project—whilst delivered locally
at the Adelaide, Melbourne and Sydney nodes—
included international involvement and was organised
in conjunction with the International Particle Physics
Outreach Group, (IPPOG). The IPPOG network includes
representatives from CERN, and prominent labs and
institutions in the USA and Europe, and QuarkNet
(a physics outreach network of universities and
laboratories in the USA). IPPOG and QuarkNet coorganise a series of international masterclasses each
year, for approximately 6,000 high-school students
from around 28 countries. The CoEPP international
masterclass piloted the IPPOG/QuarkNet relationship
and was held in addition to their regular schedule of
masterclasses. It included participation via videolink with
Fermilab (USA) and the ATLAS experiment (Switzerland).

The CoEPP masterclass was offered to year 11
and 12 high-school physics students, and run
concurrently in CoEPP node states: South Australia,
Victoria and New South Wales. Australian students
were joined by an American high-school from Medford
in Massachusetts. In the lead-up to the day, students
were required to undertake preparatory online exercises
and reading, which they could do individually or as part
of a class exercise. High-school physics teachers were
briefed on required prior learning and exercises.
To assist in this process IPPOG set up a ‘classroom
prep’ page, hosted via QuarkNet. These preparatory
materials included links and activities for physics
teachers to guide their students through.
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On the day of the masterclass, students attended
lectures on the Standard Model and were given tutorials
covering ATLAS data analysis and the use of the event
display program HYPATIA. Each student pair was
allocated a unique dataset containing up to fifty ATLAS
events, which they then analysed using HYPATIA.
Results from all groups were uploaded to an online
graphing program called ‘OPlot’. Adelaide, Melbourne
and Sydney then joined with students from Medford for
the Fermilab videoconference, led by Ken Cecire (Notre
Dame University) and Benjamin Auerbach (Postdoctoral
Researcher at Argonne National Laboratory). Each group
presented their results in turn and asked questions
of each other. Benjamin ended the session with a
presentation of the four groups’ combined results.
The day culminated in a virtual tour of the ATLAS control
room at CERN in Geneva. Led by ATLAS outreach
coordinator Steven Goldfarb (University of Michigan)

and joined by CoEPP physicists Aldo Saavedra and
David Jennens; the students were taken through
aspects of the ATLAS experiment and given the
opportunity to ask questions of ATLAS physicists
through live videoconferencing.
Masterclass participants were asked to complete
a survey regarding their experiences and to provide
feedback towards program improvement. Students
were asked to rate elements of the program, and explain
which aspect of the day they enjoyed most and why.
The results were astoundingly positive. Qualitative
responses were incredibly diverse and showed that all
aspects of the day were valued; from the experience of
data analysis with HYPATIA to the lectures on particle
physics and the Standard Model. In 2014, CoEPP
will join the regular schedule of IPPOG and QuarkNet
International Masterclasses in Particle Physics.

Survey response samples

“I loved being in the position a real particle physicist
would be in.”
“What I most enjoyed was just chatting to the lecturers
about their research. No question was too stupid
and even with such a complex subject there was no
reticence to answer questions.”
“The lectures were the best as they were filled with
information which helped us to develop a stronger
understanding of particle physics.”
“The ATLAS virtual tour very enjoyable and it was great
to be able to directly question the scientists at CERN.”
“I especially liked talking to the tutors about their work.
It gave me inspiration to look into post graduate degrees,
something that I had not considered before.”

LEFT
Screenshot showing
Fermilab videoconference
at the International
Masterclass.

OUTREACH

“Being able to ask questions to the tutors and folks
at Fermilab and ATLAS was awesome! I learned so
much just from hearing them talk, and it was great
to have complex concepts explained in ways I could
understand.”
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Collision

TOP RIGHT
Saeed Salimpour,
Open Category winner

In 2013 CoEPP ran it’s Collision project for the second
time. An online gallery and competition, Collision was
designed to simultaneously engage non-traditional
audiences with the world of particle-physics research
and called on entrants to represent through visual and
multimedia their vision for what ‘New Physics’ would
look like. New physics goes beyond the Standard
Model and looks at phenomena such as the nature of
dark matter and dark energy, and matter-antimatter
asymmetry. CoEPP partnered with Symmetry magazine
(a joint Fermilab/SLAC publication) and ANSTO
(the Australian Nuclear Science and Technology
Organisation) to deliver the competition. Winning entries
were displayed on the Symmetry magazine site.

BOTTOM RIGHT
Nimrah Zia,
People's Choice winner

This year, the competition was opened up to all ages,
with ‘under-20’ and ‘open’ categories. Entries were
received from scientists, artists and high-school students

LEFT
Pagan Metcalf,
Under-20 winner

from across the world in a wide variety of media
including video animation and oil painting.
In the open category, Saeed Salimpour won with his
motion-graphics entry ‘The Geometry of Fundamental
Particles’. In the video, fundamental particles are
imagined to have an underlying geometry, this is then
manipulated and results in visually captivating and
complex structures. Salimpour, is a Masters of Science
student in astronomy and astrophysics.
In the under-20 category, multimedia student Pagan
Metcalf, won with her neon-inspired schematic of the
Large Hadron Collider at CERN. Inside the LHC ring are
the words “…the answers are waiting to be discovered…”
Visitors to the site were allowed to vote for their favourite
work. The ‘people’s choice’ winner was taken by
15-year-old high-school student Nimrah Zia, for her
painting of an eye with an event display inside the pupil.

OUTREACH
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LEFT AND BELOW LEFT
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.
Light rain – and everything we know
about the universe (except gravity)

Three year-10 students in South Australia participated
in a pilot ‘work experience week’ project. During the
week they were given lectures on particle physics and
the Standard Model, then given the task to translate
this information into a format that would both excite and
educate their peers. Each day they met with Outreach
and Communications Coordinator, Caroline Hamilton,
via SeeVogh videoconferencing, where they were asked
to present their latest work and ideas. At the end of
each meeting they were asked to develop their work to
the next level in preparation for the following day. The
students designed a poster that presented the Standard
Model concepts in a humorous and visually exciting way.
The students developed interesting concepts including
a cartoon parody of ‘The Big Bang Theory’ television
program, and Higgs-boson-themed car bumper stickers.

OUTREACH

Acclaimed Australian contemporary artist Peter Kennedy
(pictured below) created the world’s largest Standard
Model Lagrangian, on display at NGV International as
part of the Melbourne Now exhibition. The artwork is
over 80 metres long and stretches along four walls.
Peter worked closely with Centre Director Geoffrey Taylor
when producing the work to ensure correctness.

Work experience/ immersion project

BELOW
Students from the work
experience / immersion
project. From left to right:
Vienna Tran, Cody Dolan,
Hannah Cao.

“When it comes to the world
around us, is there any choice
but to explore?”
Lisa Randall
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Centre Workshops

RIGHT
Marco Milesi and Curtis
Black at the Annual
Scientific Workshop
poster session.

annual scientific Workshop 2013
7–12 July
Cairns Colonial Club Resort
In July this year over 100 staff, students and colleagues
of the Centre met for five days in Cairns to review current
research and continue our planning for the future. This
workshop was significant for the Centre as it was 12
months after the ICHEP Congress where the discovery
of the Higgs boson was announced and an opportune
time to take stock of the ongoing research post the
Higgs announcement.
The sessions at the workshop were divided into two
sections. The first two days were specific talks which
served to provide pedagogical sessions to the younger
students within CoEPP while the final three days of the
workshop were more aligned to the presentations of
research highlights, reviews of other work in the field from
overseas guests and reviews of plans for future work.
Some of the highlights of the workshop was the poster
session where the Masters and PhD students were
asked to present posters on their work, thus gaining
valuable experience in presenting their work and also
defending their conclusions to the poster judging
committee; presentations from Professor John Ellis
and Professor Peter Jenni, two members of the Centre

International Advisory Committee; and on the last day
a session chaired by Professor Jeremy Mould, Chair
of the Centre Advisory Board, which challenged all in
the Centre to look at current work and look into the
future, examine communication and engagement within
the Centre and to identify new strategic engagement
opportunities.
In amongst these activities were opportunities for
Students and Postdocs within the Centre to meet
informally with their peers from the different nodes,
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 of the week
with a joint Executive and Advisory Board meeting which
was an invaluable opportunity for both groups to meet
together and discuss common issues. Both Professors
John Ellis and Peter Jenni were also present for this
meeting and as members of the IAC reported to the Centre
Director with their views of Centre activities, extracts of
which are noted elsewhere in this annual report.

DEVELOPMENT

LEFT
Partner Investigator
Prof Mark Kruse
(Duke University) presents
at the Annual Scientific
Workshop.
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AIDA Workshop
14–19 July
University of Sydney

by the 7 TeV analysis were performed and a publication
strategy to gain final approval from the various ATLAS
groups and the collaboration itself was defined.

Program coordinators

In its both aims the workshop was successful. The
publication of the 7 TeV analysis is currently through the
final stages of ATLAS approval. New studies, in light of
the Higgs discovery and current results from new physics
searches, were identified. These will showcase the strength
of the technique and enable the AIDA team to obtain
unique important results. These extensions have featured
in Carl Suster's 2013 honours thesis (expanded the AIDA
analysis to include, in the simultaneous measurement, the
single top cross-section) and Cleo Loi's Sydney University
Summer Project (showed that model independent limits
on new physics processes could be obtained using the
AIDA 7 TeV results). Recently the ATLAS collaboration
has received well the first results and plans for the 8 TeV
analysis which include the cross-section measurement of
the rare process top quark pair production in association
with electroweak vector bosons. A stepping stone before
measuring the process in which the vector boson is
replaced by the Higgs boson.

Antonio Limosani, Mark Kruse (Duke University)
Participants
Doug Benjamin (Duke University), Kevin Finelli, Mark Kruse
(Duke University), Antonio Limosani, Nik Patel, Aldo
Saavedra, Carl Suster, Kevin Varvell.
The aim of the workshop was to resolve any major issues
affecting the completion of the 7 TeV simultaneous crosssection measurement and to identify the different analysis
that the group will target with the data collected by ATLAS
at a centre-of-mass of 8 TeV in 2012. While the AIDA team
regularly conducts video meetings where its members
present and discuss their results. The informal workshop
allowed all the team members to work together face-toface, facilitating exchange of ideas and quick convergence.
Software tools were improved, additional studies required

ABOVE
A/Prof Nicole Bell
presents at the CoEPPCAASTRO workshop in
Melbourne.
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CoEPP-CAASTRO Workshop 2013
28 February – 1 March
University of Melbourne
Program coordinators
Archil Kobakhidze, Brian Schmidt (CAASTRO)
Participants
Iason Baldes, James Barnard, Nicole Bell, Curtis Black,
Chris Blake, Amelia Brennan, Yi Cai, Jackson Clarke,
Warrick Couch, Peter Cox, William Crump, Tamara Davis,
Sara Diglio, Tomasz Dutka, Richard Easther, Robert Foot,
Tony Gherghetta, Sudhir Kumar Gupta, Kenji Hamano,
Paul Jackson, Akila Jeeson-Daniel, Andrew Johnson,
Girish Joshi, Eyal Kazin, Doyoun Kim, Archil Kobakhidze,
Jun Koda, Tong Li, Chris Lidman, Antonio Limosani,
Stephen Lonsdale, Katherine Mack, Anibal Medina, Jeremy
Mould, Guilherme Nunes Hanninger, Peter Quinn, Tirtha
Sankar Ray, Signe Riemer-Sørensen, Nicholas Rodd,
Gavin Rowell, Aldo Saavedra, Brian Schmidt, Michael
Schmidt, Sarah Schon, Martin Sevior, Phiala Shanahan,
Abhishek Sharma, Bram Slagmolen, Nitesh Soni,
Alexander Spencer-Smith, Andrew Spray, Steven Tingay,
Luis Torres, Cathryn Trott, Timothy Trott, Lewis Tunstall,
Syed Uddin, Sophie Underwood, Raymond Volkas, Ian
Watson, Tony Williams, Stuart Wythie, Ross Young.

Program coordinators
Peter Athron, Paul Jackson, Martin White
Participants
Peter Athron, Csaba Balazs, James Barnard, Yi Cai, Ben
Farmer, Kevin Finelli, Sudhir Kumar Gupta, Dylan Harries,
Elliot Hutchison, Paul Jackson, Doyoun Kin, Tong Li,
Antonio Limosani, Anibal Medina, Kaustubh Naik,
Roman Nevzerov, Tirtha Sankar Ray, Aldo Saavedra,
Michael Schmidt, Nitesh Soni, Geoffrey Taylor, Anthony
Thomas, Sophie Underwood, Martin White, Anthony
Williams, Lei Wu.
The Adelaide node hosted a Supersymmetry (SUSY)
workshop over two days in November. The workshop—
organised by Peter Athron, Paul Jackson and Martin

The second day was devoted to more detailed talks
on topics such as inflation, dark matter detection, dark
energy theories, and neutrino models. A clear outcome
of the workshop was that better links between the two
centres would be hugely beneficial for the missions of
both. Theoretical studies into dark energy and modified
gravity can help motivate and inform future observational
efforts. Similarly, the study of inflation and early universe
physics, which is a focus of CoEPP via the search for
beyond-the-standard-model physics, relies strongly on
cosmological data.
The goal of discovering new fundamental physics can
only be advanced through collaboration between those
studying particle physics at high energies and those with
an understanding of the astrophysical effects that can
mimic new particle interactions. The joint workshop was
a first step in fostering that collaboration.

White—was designed to maximize opportunity for
discussion on current research trends, potential for
inter-node collaboration and concepts for research
papers. Participants were asked to discuss their
research specialties and interests with a view to
consolidating Centre strategies moving forward.
The workshop began with an overview of the different
ways supersymmetry can be realised in nature, past
and present experimental analyses and potential future
analyses such as extending AIDA to new physics and
applications for the new technique of Recursive RestFrame Reconstruction.
Other topics for discussion included collider
phenomenology, precision Higgs measurements,
Non-Minimal SUSY and High Energy Physics tools.
Future theoretical projects were proposed that will
examine constraints on naturalness in SUSY models
using LHC results in monojet and sparticle searches,
and will investigate supersymmetric dark matter
candidates of relevance to the forthcoming Cherenkov
Telescope Array gamma ray facility.

DEVELOPMENT

SUPERSYMMETRY Workshop 2013
11–13 November
University of Adelaide

The Melbourne nodes of CoEPP and CAASTRO hosted
a joint workshop as a way of allowing both Centres
of Excellence to discuss joint areas of interest and to
provide opportunity for researchers to highlight areas
of possible collaboration. Talks on the first day summarised
the current status of studies into dark matter, neutrino
physics and astrophysics, dark energy and modified gravity.

“I hope this recognition of
fundamental science will help
raise awareness of the value
of blue-sky research.”
Peter Higgs
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Workshop”.

Peter Jenni. “The Future of the High Energy Frontier and
the European Strategy”.
Mark Kruse. “Searches for New Physics with
Di-Leptons”.
Sara Diglio. “The Heavy Higgs Boson: from Standard
Model to Beyond”.
Bruce Yabsley. “Heavy Flavour Physics”.
Karsten Koeneke. “Higgs to WW in ATLAS”.
Nick Barlow. “Research in Cambridge HEP”.
Antonio Limosani. “Using NeCTAR Resources”.
John Ellis. “Outlook for SUSY”.

Sudhir Kumar Gupta. “Tau-lepton Charge asymmetry at
the LHC: A probe to new physics models”.
Nathan Hall. “The Proton’s Weak Charge: gamma-Z
Radiative Corrections”.
Elliot Hutchison. “The NMSSM, Fine Tuning, and the
LHC”.
Doyoun Kim. “The Fine Tuning search for NMSSM:
Bayesian versus Mz Naturalness”.
Justin Knife. “Non-local CPT violation in neutral meson
systems”.
Shelley Liang. “Scale-invariant boundary condition and
the Higgs mass”.
Stephen Lonsdale. “Spontaneous Symmetry Breaking
of E6”.
Francesco Nuti. “Search for anomalous production of
prompt same-sign lepton pairs with 8 TeV data”.
Pere Rados. “The ATLAS Tau Trigger”.

PUBLICATIONS

Csaba Balazs. “Theory Constraints on New Physics”.

Ben Farmer. “Partial Bayes factors, naturalness and
model ‘plausibility’”.
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Nicholas Rodd. “A systematic approach to neutrino
mass generation”.
Mark Scarcella. “H → τlep τhad 7 TeV Multi-Variate
Analysis”.

Nathan Hall
Postgraduate Research Symposium - Winner 3rd year
Poster Presentation
University of Adelaide

Phiala Shanahan. “Charge symmetry violation in
baryon structure”.

Dylan Harries
The Angus Hurst Prize
University of Adelaide

Alexei Sibidanov. “Study of Exclusive B → Xuℓν Decays
and Extraction of |Vub| using Full Reconstruction Tagging
at the Belle Experiment”.

Millie McDonald
EM & JF Ward Medal
University of Melbourne

Laurence Spiller. “Continuous Tau ID Performance
Studies”.

Bruce McKellar
President-Designate International Union of Pure and
Applied Physics (IUPAP)
IUPAP

Carl Suster. “An Inclusive Dilepton Analysis at ATLAS”.
Wai Meng Thong. “Mass resolution and B-Tagging in the
Itk phase II upgrade”.
Matteo Volpi. “A search for high-mass resonances
decaying to T+T– in pp collisions at √s = 8 TeV with the
ATLAS detector”.
Ian Watson. “Differential Top Cross-Section
Measurements using the Pseudo-Top Method”.

Graham White. “The next to minimally supersymmetric
standard model of cosmology”.
Jason Yue. “Perturbative unitarity and a spin-2 Higgs
impostor”.

CoEPP-CAASTRO Workshop 2
28 February – 1 March 2013
Csaba Balazs. “How to discover dark matter in
the sky?”.
Nicole Bell. “Neutrino physics and astrophysics”.
Amelia Brennan. “Collider searches for dark matter”.
Robert Foot. “Mirror dark matter as a dissipative, selfinteracting dark matter candidate”.

PUBLICATIONS

Kenji Hamano. “Search for neutrino mass generation
mechanisms with ATLAS Archil Khobakhidze
“Unorthodox thoughts about dark energy”.
Katherine Mack. “Insights into dark matter”.
Alex Spencer-Smith. “Cosmological Consequences
of Higgs Vacuum Stability experiment”.
Ray Volkas. “Dark matter candidates from particle
physics: theory”.
Awards and recognition
Elisabetta Barberio
Women in Physics Lectureship
Australian Institute of Physics
Amelia Brennan
Swiss “Bourse de la Confederation”
Government of Switzerland

Aldo Saavedra
Sydney University DVCR International Collaboration
Award 2013
University of Sydney
Phiala Shanahan
Winner Poster Presentation CoEPP Annual
Scientific Workshop
CoEPP
Phiala Shanahan
Winner School of Chemistry and Physics 3-minute thesis
competition
University of Adelaide
Phiala Shanahan
3rd place in Faculty of Science in 3 minute thesis
competition
University of Adelaide
Phiala Shanahan
Postgraduate Research Symposium - Winner 2nd year
Poster Presentation
University of Adelaide
Geoffrey Taylor
Fellow of the Australian Academy of Science
Australian Academy of Science
Anthony Thomas
Invited to serve on the International Advisory Committee
for the Circum-Pan-Pacific Spin Symposium
Anthony Thomas
Invited to join Elizabeth & Frederick White Research
Conference Awards Committee for 2014
Anthony Thomas
Invited to serve on the International Advisory Committee
for the Spin 2014
Lewis Tunstall
Swiss Government Excellence Scholarship
University of Bern, Switzerland
Graham White
2013 Australia to US Sir Keith Murdoch Fellowship
American Australian Association
1	This lists all talks from the workshop and includes presentations made
by IAC members and partner investigators.
2 This list includes talks made by CoEPP members only.
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Centre-recognised leadership
in discoveries at ATLAS/LHC
Boards and official roles
Geoffrey Taylor
ATLAS National Contact Physicist (Australia)
Australian Resource Review Board ATLAS
Australian Resource Review Board WLCG
Elisabetta Barberio
University of Melbourne ATLAS Team Leader
Paul Jackson
University of Adelaide ATLAS Team Leader
Speakers Committee Advisory Board - member
Kevin Varvell
University of Sydney ATLAS Team Leader
Higgs analysis groups, co-convenors
Sara Diglio
High mass Higgs; and
Higgs cross section beyond the Standard Model working
subgroup
Kenji Hamano
Doubly-charged Higgs
Guilherme Nunes Hanninger
VH, H→ tau tau

Paul Jackson
Supersymmetry Strong production with taus
Supersymmetry Upgrade (incoming contact/convener)
Takashi Kubota
VH, H→WW

Brian Petersen
Supersymmetric partners to quarks and gluons
Outreach activities
Aldo Saavedra
Multiplying dimensions: TEDxCERN broadcast
10 May 2013

Csaba Balazs
Talk on Higgs boson to undergraduate students
at Monash
30 Apr 2013
Csaba Balazs
AIP Annual Nobel Prize lecture panel member
7 Nov 2013
Elisabetta Barberio
Big Questions, Big Facilities: the discovery of the origin
of mass?
5 Aug 2013
AIP Women in Physics lecture tour
John de Laeter Youth lecture, University of Western
Australia

Elisabetta Barberio
Science breakfast for girls
15 Aug 2013
The Alliance of Girls’ Schools, in partnership with
Mentone Girls’ Grammar School
Elisabetta Barberio
Big Questions, Big Facilities: the discovery of the origin
of mass?
20 Aug 2013 and 21 Aug 2013
AIP Women in Physics lecture tour
University of Tasmania,
Elisabetta Barberio
The Higgs Boson at the Large Hadron Collider
5 Sep 2013
AIP Women in Physics lecture tour
Canberra Girls Grammar School
Elisabetta Barberio
The Higgs Boson at the Large Hadron Collider; and
Big Questions, Big Facilities: the discovery of the origin
of mass?
5 Sep 2013
AIP Women in Physics lecture tour
ANU
Elisabetta Barberio
The Higgs Boson at the Large Hadron Collider
11 Sep 2013
AIP Women in Physics lecture tour
Pascoe Vale Girls College
Elisabetta Barberio
The Higgs Boson at the Large Hadron Collider (2 talks)
13 Sep 2013
AIP Women in Physics lecture tour
University of Ballarat
Elisabetta Barberio
Visit St Francis Xavier High School, Newcastle
15 Oct 2013
AIP Women in Physics lecture tour
Elisabetta Barberio
Visit Merewether High School, Newcastle
15 Oct 2013
AIP Women in Physics lecture tour
Elisabetta Barberio
Visit St Mary Star of the Sea Girls School, Wollongong
16 Oct 2013
AIP Women in Physics lecture tour
Elisabetta Barberio
Visit Wollongong Science Centre
16 Oct 2013
AIP Women in Physics lecture tour
Elisabetta Barberio
Visit North Sydney Girls High School
17 Oct 2013
AIP Women in Physics lecture tour

PUBLICATIONS

Anthony Williams
Catalyst Research Grant Assessment Panel
24 Oct 2013

Elisabetta Barberio
Claire Corani Memorial Lecture
13 Aug 2013
AIP Women in Physics lecture tour
Claire Corani Memorial Lecture, SA

68

ANNUAL REPORT 2013
COEPP.ORG.AU

Elisabetta Barberio
The Large Hadron Collider and origin of mass in
the Universe
17 Oct 2013
AIP Women in Physics lecture tour
Sydney Observatory
Elisabetta Barberio
Big Questions, Big Facilities: the discovery of the origin
of mass?
22 Oct 2013
AIP Women in Physics lecture tour
University of Queensland
Elisabetta Barberio
The mysteries of particle physics
22 Oct 2013
AIP Women in Physics lecture tour
All Hallows School
Elisabetta Barberio
Big Questions, Big Facilities: the discovery of the origin
of mass?
23 Oct 2013
AIP Women in Physics lecture tour
University of Southern Queensland
Elisabetta Barberio
The mysteries of particle physics
24 Oct 2013
AIP Women in Physics lecture tour
St John’s Anglican College
Elisabetta Barberio
The Higgs boson at the Large Hadron Collider
24 Oct 2013
AIP Women in Physics lecture tour
Queensland University of Technology

Caroline Hamilton
CERN representatives outreach and education
discussion
22–25 Apr 2013
Caroline Hamilton, Paul Jackson, Anthony Williams
Work Experience / Immersion week
1–5 July 2013
Paul Jackson
After dinner talk at the Independant Arts Foundation
4 Sep 2013
Paul Jackson
Scientist in Schools Program
15 Sep 2013
St Dominic's Priory College
Paul Jackson
Tangent
23 Sep 2013
Panel discussion as part of program organised by the
State Theatre of SA to discuss the physics of the play
'Vere' http://www.statetheatrecompany.com.au/home/
news/newsarchive/news-74
Paul Jackson
Work Experience Students
23 Sep 2013
Paul Jackson
Scientist in Schools Program
29 Oct 2013
St Dominics High School
Takashi Kubota
Back to Alma mater Project (BAP cafe)
27 Sep 2013

James Barnard
Bachelor of Science Research Discovery Tour
4 Oct 2013

Rebecca Leane
ANZAAS Kids Ask Questions
18 Aug 2013

Nicole Bell, Tony Limosani
Speed meet a scientist
16 Aug 2013

Lewis Tunstall
Testimonal for outreach program
30 Jul 2013
Testimonial for Outeach program to DFEEST

PUBLICATIONS

Catherine Buchanan
School visit
27 Nov 2013
William Crump
The Science Experience
15 Jan 2013
Sudhir Gupta
School visit
3 Dec 2013
Sudhir Kumar Gupta, Kent Wootton, Rebecca Leane,
Abishek Sharma, Francesco Nuti
Inspiring Scientists
18 Aug 2013
Caroline Hamilton
InterActions Collaboration meeting
16–18 Apr 2013

Kevin Varvell
The Higgs Boson, does it matter?
15 Aug 2013
Sydney Grammar School
Raymond Volkas
Opening of St Kevin's Senior Physics Laboratory; named
after Ray Volkas
30 Jan 2013
Raymond Volkas
Talk at Science Colloquium titled "The Discovery of the
Higgs Particle and me"
5 Mar 2013
Trinity Grammar School, Kew
Raymond Volkas
Australian Institute of Physics public lecture on the 2013
Nobel Prize in Physics
1 Nov 2013
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Martin White
High school student visit
26 Aug 2013
Immanuel College
Martin White
AIP Talk: "50 years of adventures in space and time"
Martin White, Anthony Williams, Ross Young,
Paul Jackson, Nitesh Soni
Year 10 and 11 student talk and questions on
"What is the Higgs boson?"

PUBLICATIONS

“The measure of greatness in
a scientific idea is the extent to
which it stimulates thought and
opens up new lines of research.”
Paul Dirac
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Key performance indicators
KPI

Target

Actual

Number of research outputs – Journal Publications

55

146

Number of research outputs – Refereed Conference Proceedings

20

25

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

94.44%

25

47

Media releases

5

3

Articles (including television and radio)

3

23

300

24662

Attended professional training courses

12

35

Centre attendees at professional training courses

20

82

16 PhD
7 Masters

9 PhD3
11 Masters

2

5

11

11

5

3

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

16

104

Number students mentored

40

67

6

14

15

27

2

4

35

55

Quality of research outputs

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

Citation data for publications1

New postgraduate students (PhD and Masters)
New postdoctoral researchers working on core Centre research
New Honours students
PhD completions

Number of mentoring programs
Number international visitors
Number of national / international workshops held by Centre
Number of visits to overseas facilities
Joint research sourced through additional funding in discipline areas in
accelerator science, computing science, instrumentation science / engineering
and other disciplines

NeCTAR Project

Number of government / Industry and business community briefings

9

15

37

National Science Week event participation

5

6

Other public activities

6

21

20,000

27,109

Public talks given by Centre staff

10

25

Prizes and awards

15

17

1

3
Symmetry magazine
(outreach), IPPOG (outreach)
QuarkNet (outreach)

Review of website structure
with goal of improving in line
with emerging technologies

Site redevelopment to include
responsive design for use on
smartphones and tablets

School visits

Number of website hits

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

Currency of information on the Centre’s website

1	Citation data generated via Inspires-HEP on 14/03/2014.
2 ATLAS papers for 2013 generated well over 2,000 citations, with an average of 24.7 citations per paper (excludes self-cites).
3 Intake of increased ‘feeder’ streams for PhD cohort from Honours and Masters will be reflected in the coming years.
4 The first changeover of ECRs has occurred at the third year mark. New cohort is expected to lie within the 5-year ECR range.
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Detailed activity plan for 2014
Research

Experimental particle physics

Theoretical particle physics

The ATLAS experiment data analysis remains the key
pillar of the Centre’s experimental program. Further
studies of the full 2011-2012, 7 and 8TeV data sets will
remain the focus in 2014. In particular, the Centre will
maintain a strong role in the measurement H→ττ for
which a publication is planned by mid-2014. CoEPP will
continue to make strong contributions to the analysis
of other important decay channels including H→μμ and
H→WW→lvlv. Researchers will also be working on the
development of novel data analysis techniques, including
kinematic reconstruction.

Following the discovery and confirmation of the Higgs
boson and subsequent analyses revealing the Higgs
properties, the Centre theoretical program will refine
the search for new physics beyond the Standard Model
with an emphasis on dark matter phenomenology.
Specifically, the Centre will work on:
Higgs Physics: The impact of measured Higgs boson
properties on Beyond the Standard Model (BSM)
physics.
Supersymmetry: Fine-tuning of and extensions to
Minimal Supersymmetric Models (MSSM), Next-toMinimal Supersymmetric Models (NMSSM) and E6SSm.
Dark Matter: Collider and astrophysical constraints
on various dark matter models, including Higgs portal,
leptophillic, multi-component and asymmetric dark
matter. Construction and analysis of new dark
matter models.

CoEPP will continue its work on the AIDA software
aiming at improving sensitivity to the non-Standard
Model states using inclusive dilepton signatures. The
searches for exotic states will continue with searches
for new, potentially exotic strongly-interacting particles
in the charmonium and bottomium sectors. With Run2
due to commence at the beginning of 2015, Centre
members will be involved in the preparation of the SCT/
ATLAS detector preparations, including data acquisition
software improvements.
Development of the hardware fast tracking trigger
(FTK) will accelerate in 2014. Partial inclusion of FTK
electronics is underway for operation from 2015, with
the full instrumentation installation planned for the longshutdown, now foreseen for 2018/19.
Research computing
The provision of a highly reliable Tier 2 grid site for the
WLCG, as part of our national obligation to the ATLAS
experiment, will remain the key activity of the Centre’s
Research Computing team. This will include improving
systems infrastructure and expanding the compute
capability and storage capacity. There will also be an
important effort to utilise the Australian Nectar Research
Cloud and RDSI services.

PERFORMANCE
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Outreach
The Centre will continue to strengthen and develop its
program in outreach with a focus on high-school and
non-traditional audiences. It will continue its presentation
of the international masterclass and will augment this
with immersion projects involving year 10 students.
New materials will be developed to promote the Centre’s
research higher degree programs.
Administration
Administration management across the Centre continues
to improve in operational effectiveness. Projects to target
in 2014 include enhanced financial reporting across the
nodes of the Centre, more unified KPI data collection
between the nodes and improved administration
coordination. Other activities planned for 2014 include
advanced Excel training for node administrators
and strategic development activities in outreach and
communications.

Following recommendations from the Centre Advisory
Board, a unified mentoring program will be introduced
across the Centre in 2014. This program will build on
individual mentoring activities already in place across
the 4 nodes of the Centre and will unify and streamline
these activities into a common framework. One of the
key aspects of the program will be the requirement that
mentors and mentees will be located in different nodes
of the Centre, thus creating new communication links
within the Centre structure.
Research Higher Degree students
In Australia, field theory at RHD level is only provided
by CoEPP (at all nodes) and the University of Western
Australia. Hence, a considered effort is being made to
attract international cohort of students in this area.
Personnel
The Centre will be seeing the addition of a number
of new Early Career Researchers in 2014.

BELOW
Screenshot showing
the ATLAS virtual visit
at the 2013 International
Masterclass for high
school students.

PERFORMANCE
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Financial REPORT
STATEMENT OF INCOME AND EXPENDITURE FOR YEAR ENDED 31 DECEMBER 2013
2011 Reporting
Period

2012 Reporting
Period

2013 Reporting
Period

2014 Reporting
Period
(Estimated)

$0

$3,738,983

$3,940,6541

$4,024,570

ARC Indexed Income

$3,656,701

$3,797,390

$3,943,493

$4,140,885

Node Contribution

$1,632,000

$752,000

$1,151,7852

$1,236,000

$484,785

$161,595

$71,820

$17,333

$201,9043

$10,000

$8,790,491

$9,399,431

9,483,275

$1,132,439

$2,989,585

$3,951,676

$3,987,708

$28,365

$186,544

$61,687

$150,000

$265,379

$80,923

$373,500

$559,307

$610,838

$847,000

$57,370

$35,482

$45,000

$497,999

$155,907

$153,000

$49,886

$106,000

$293,622

$428,462

$166,665

Carry Forward
Income

NeCTAR
Other

$1,055

Total Income
Expenditure

Salaries
Equipment
Maintenance
Travel,
Accommodation
and Conferences

$260,725

Scholarships
Services and General

$129,244

Outreach and Media4
NeCTAR
Total Expenditure

$1,550,773

$4,849,806

$5,374,862

$5,828,873

Balance

$3,738,983

$3,940,685

$4,024,570

$3,654,402

PERFORMANCE

1 Carry forward adjustment from 2012.
2 Monash School of Physics contribution for 2013 was paid in Q1 2014 and will be 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.
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Financial Summary

Institutional Funding

ARC Contract

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

The Centre of 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 to be 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 of 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 2013 the Centre received $3,943,493 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.

The University of Melbourne
The University of Sydney
Monash University
The University of Adelaide

$660,000
$235,000
$132,000
$165,000

Payments for 2013 from the institutions were:
The University of Melbourne
The University of Sydney
Monash University
The University of Adelaide

$660,000
$235,000
$90,7851
$166,000

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 Resource (NeCTAR office). 2013 income and
Expenditure for this project is:
Carry forward
Carry forward and prior year adjustments
Income:
Salaries:
Other Expenditure:
End of year balance
carry forward into 2014:

$94,845

PERFORMANCE

1 Monash School of Physics contribution for 2013 was paid in Q1 2014 and will be reported in 2014 Annual Report.

$179,538
$182,174
$161,595
$341,858
$86,604
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2013 income
Total Income: $9,399,431
Other
$201,904

2012 income

NeCTAR
$161,595

2013 income

ARC Indexed Income
$3,943,493

Node Contribution
$1,151,785

2012 income

2012 expenditure

2013 income

2013 expenditure

2013 expenditure

Total Expenditure: $5,374,862

Outreach and Media
$49,886
NeCTAR
$428,462

2012 expenditure

Services and General
$155,907

2013 expenditure

Scholarships
$35,482

2012 in kind

2013 in kind

PERFORMANCE

Travel, Accommodation
and Conferences
$610,838
Maintenance
$80,923

Equipment
$61,687

2012 in kind

2013 in kind

Salaries
(inc. relocation)
$3,951,676

re
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LEFT
The in-kind support
for the Centre includes
in-kind contributions from
both Collaborating and
Partner Institutions.

IN-KIND REPORT

2013 income
University of Melbourne

2013 Reporting Period
$1,718,997

University of Adelaide

$358,944

University of Sydney

$387,562

Monash University

$261,555

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

2013 expenditure

Total

$2,828,101

2013 in-kind January - December
Total: $2,828,101
Albert Ludwigs
Universitaet Freiburg
$33,680

Cambridge University
$11,227

University of Pennsylvania
$11,227

2013 in kind

INFN Sezione di Milano
$22,454

Duke University
$11,227

Monash University
$261,555

University of Melbourne
$1,718,997
University of Adelaide
$358,944

PERFORMANCE

University of Sydney
$387,562
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CASE STUDIES
CoEPP contributes to the Australian
Government’s National Research
Priorities and its Priority Goals. In
particular “Frontier Technologies for
Building and Transforming Australian
Industries”. Priority Goals addressed
include Frontier technologies and Smart
information use.
Frontier technologies
Grid computing
The discovery of the Higgs particle required processing
hundreds of petabytes of real and simulated data. The
compute and data resources needed for this epitome of
big data challenges are provided by the Worldwide LHC
Computing Grid (WLCG). The WLCG consists of over
100,000 interconnected computers located all over the
Earth. Australian researchers have seamless access to this
incredible resource through the CoEPP’s Tier 2 grid site at
the research data centre at the University of Melbourne.
It is linked to the worldwide research networks by the
Australian Academic Research Network (AARNET) which
provides the specialised network tuning and peering
required to maintain the consistently high transfer rates
needed by the ATLAS collaboration.
The CoEPP Research Computing team is an active part
of the international grid community helping to maintain
and improve the technologies that underpin the WLCG
grid. This includes developing innovative solutions to
integrate the grid and cloud paradigms, presenting at
international conferences and workshops, and being
active members of online forums for grid computing.

PERFORMANCE

The Research Computing team keeps CoEPP at the
forefront of the big science computing innovations by
building and maintaining the systems that both make
grid resources easily accessible to local researchers and
by contributing local resources to the ground breaking
worldwide collaborations.

Dynamic Torque Computing Cluster technology
Over the past 5 years Computing Cloud technology has
demonstrated its capacity to transform ICT industries.
Its major premise is to enable users to rent computing
resources through the provision of Virtual Machines (VMs).
Users can create exactly the computing environment they
wish inside these VMs.
The NeCTAR Project is an innovative Federal Government
initiative to provide the academic community with
computing resources provisioned through (eventually)
30,000 VMs located in 7 nodes as an Australia-wide
computing ‘cloud’.
CoEPP received funding from NeCTAR for the RT07
project “High Throughput Computing for Globally
connected Science” to enable our large scale computing
needs to be performed on the NeCTAR Cloud. In the
process the CoEPP team developed an innovative cloud
software technology called “Dynamic Torque”. Torque is a
computing cluster technology which enables large-scale
computing projects to be distributed over a cluster of
cheap computers. CoEPP developed “Dynamic Torque”
which has exactly the same user-interface as Torque, but
it enables a Torque Cluster to be easily constructed within
a computing cloud environment. Unlike Torque, Dynamic
Torque enables computing clusters to grow or shrink
depending on demand. Furthermore, these clusters can
spread across different computing clouds. Consequently,
Dynamic Torque enables an even cheaper solution to the
problems of large scale data-processing by providing an
easy way to build clusters in the cloud.
CoEPP deployed Dynamic Torque for the local
computing needs of its researchers as well as for the
prototype Belle II grid site. Already eResearch South
Australia is in the process of deploying a cluster in the
cloud for SA researchers using Dynamic Torque. We also
are aware of interest from a number of existing Australian
HPC centres including University of Queensland, Griffith
University, University of Melbourne, and QCIF as well as
the Biodiversity and Climate Change Virtual Laboratory.
The NeCTAR lead node have said they have a lot of
research groups asking about cluster in the cloud and
are interested in providing a supported service offering
and in exploring the use of Dynamic Torque for this.
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Smart Information Use
CERN Virtual Machine File System (CVMFS)
Also through the NeCTAR grant, CoEPP has taken
existing powerful solutions developed for high-energy
physics and re-purposed them for a cloud environment
within the Australian context.
The first of these is the CERN Virtual Machine File
System (CVMFS). CMVFS is a read-only network based
file system. It was developed to distribute complex
application software for the Worldwide LHC Computing
Grid (WLCG). One of the most labour-intensive tasks
within the WLCG is to ensure that the software installed
at each computing cluster grid site is completely up to
date. This is made particularly difficult with the frequent
updates made to the complex software needed for the
LHC experiments, which consist of over 5 million lines
of C++ code. With the deployment of CVMFS, this task
is considerably reduced in magnitude and human error.
CVMFS has a root directory at a computer server and
a tree of computing clusters which point to the root of
that tree. In addition a local disk-cache is located at each
computing cluster. Every time a change is made to the
root server that change is broadcast throughout the tree
of sites. The local CVMFS client loads whichever version
of the application software is requested by users into the
local computing worker nodes.
While CVMFS was developed for the WLCG grid we
repurposed it to provide the ATLAS application software
within our VM’s of our cloud computing clusters. This
was the first time CVMFS had been deployed in a
cloud environment anywhere in the world. In addition
we commissioned our own local CVMFS server to hold
the application software required by the theory users
of CoEPP and we have also deployed Belle application
software as a service to our colleagues in that experiment.

“Xrootd”
The design of the RT07 Cloud-based computing solution
requires both high capacity computing clusters (provided
by the NeCTAR Cloud) and high performance, large scale
data storage. For the latter, CoEPP has won merit-based
provision from the Research Data Storage Infrastructure
(RDSI) project. In total this amounts to over 2 PB data to
be provisioned at four different RDSI nodes in Adelaide,
Melbourne, Sydney and Brisbane.
We aim to present this storage to users as an integrated
whole under a single namespace by deploying the
“Xrootd” federated storage service. This is a network

file-system developed by the high-energy physics
community to federate data storage over a wide-area
network. It combines a secure and efficient peer-to-peer
file-transfer protocol with the capability to automatically
provide a local caching service to data requests. This
request to read the first few parts of a remote file will
initiate a transfer of the complete file to the local cache.
However as soon as the requested data are available
in the local cache, those data are transferred on to
the application requesting the data. Thus the data
are provided to the application software on the local
computer as soon as they are available. If the processing
of that data takes longer than the transfer of subsequent
data blocks, the subsequent reads are performed from
the local cache.
This provides an extremely efficient use of network
bandwidth and the smallest possible interruption of
the data processing of remote files on a local computing
system. Our current deployment not-only federates
the Australian RDSI nodes through Xrootd, it also
federates with an ATLAS-wide federation of data
services.Thus it provides a truly global method of
integrating data services.

While we have only just completed our pilot deployment
of Xrootd, we have already been approached by the
Melbourne node of RDSI to provide this service to all
Australian RDSI users.

PERFORMANCE

eResearch South Australia (eRSA) is working with
several SA research groups on provisioning large VMs or
clusters in the cloud using a VM image that makes use
of CVMFS for providing application software, rather than
implementing different VM images for different application
software. eRSA is running a CVMFS server that enables
cloud VMs to us all the applications that are installed
on the eRSA High Performance Computer (HPC). This
approach is currently being used by research groups
in diverse research areas including chemistry, chemical
engineering, genomics, ecology and evolutionary biology.
In addition we are aware that both Monash and CSIRO
are evaluating CVMFS for their HPC clusters.

The use of CVMFS technology automates what was the
labour-intensive task of loading application software into
every node of a computing cluster. However it can also
be employed in any use-case which requires distributing
read-only data over either computing cluster or even
a cluster of clusters (as in the case of both RT07 and
the WLCG). As such it is a very good example of smart
information use.
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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.

“We have reached a milestone in our
understanding of nature.”
Rolf Heuer
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