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EDITORIAL

History: old and 
new
There are three articles in this issue. 
Two of them, in very different ways, 
give accounts of significant achieve-
ments by Australian physicists. The 
first article, Australia and the Higgs, 
by A/Prof Kevin Varvell gives an 
account of Australian participation 
in the discovery of the Higgs boson. 
More broadly Kevin chronicles the 
rise of a significant Particle Physics 
community in Australia. It provides a good example of how Australian 
physicists and students can take part in a major international project, 
while still being part of a healthy locally-based research venture.

The second article, The Hanbury Brown-Twiss Effect and the Birth 
of Quantum Optics, by Dr W. J. Tango, is published at this time to 
acknowledge the 50th anniversary of the publication of the first results 
from the Narrabri Stellar Intensity Interferometer. Its significance was 
not only in relation to astronomy, the measurement of stellar diam-
eters that led to the establishment of the temperature scale for stars 
hotter than the Sun, but also to the fact the physics of its operation 
was controversial. In retrospect, however, it can be seen as a significant 
contribution to the development of Quantum Optics. 

The third article, Hearing Harmonies in Newton’s Laws, by ANU 
undergraduate student Sarah McIntyre, who is majoring in physics 
and music composition, is second in a series on the theme of the 20th 
AIP Congress, The Art of Physics, which we are publishing in the run 
up to the Congress.

Our book reviews editor, John Macfarlane, is unable to continue, 
so we are seeking expressions of interest from members for this role. If 
interested, or want find out more, please contact me (aip_editor@aip.
org.au). John’s contributions have been greatly appreciated and I wish 
him well for the future.

An important role for Australian Physics is to be a journal of record 
for physics in Australia (if not us, who else?). To fulfil this aim requires 
not only a broad spectrum of articles, but also a comprehensive News 
section. For a small publication achieving these goals falls largely to the 
editor. Relying upon one person, however, raises a risk of incomplete 
coverage and possibly bias towards areas familiar to that person. If you 
are aware of items that should receive mention in Australian Physics, 
please let me know. Better still, draft a News item (and include a pic-
ture!).

There is no good reason why we should limit reviews to books. I 
would be happy to consider for publication reviews of (physics rele-
vant) theatre, films, software, smart phone applications etc

Brian James
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PRESIDENT’S COLUMN

Science and Technology in Australia
Given all that is going on Australia 
at present, especially with regard to 
funding of science, I thought I would 
reflect on “science and technology” 
and what it means.  The term has 
been around a long time, and is in-
deed enshrined in my own organisa-
tion’s name (ANSTO), just as it is for 
the Defence Science and Technology 
Organisation.  These names go back 
to 1987 and 1974 respectively, and 
DSTO claims to be the biggest em-
ployer of physicists in Australia.

If one looks up “Science and 
Technology” on Wikipedia, one 
finds variously:  “humanity’s under-
standing of the natural world (sci-
ence) and ability to manipulate it 
(technology)”; and less hearteningly, 
“it frequently appears within titles 
of academic disciplines (science and 
technology studies) and government 
offices”.  I think I prefer the former.  
Obviously, many of us do science to 
provide society with new technolo-
gies.  But we also invent technology 
in order to do science well – think of 
electron microscopes, accelerators, 
telescopes and even the World-Wide 
Web, all of which were developed 
for scientific research first and had 
broader application later.  There is 
a complicated interaction between 
science and technology, and it’s not 
always clear which is the chicken and 
which is the egg.

But this brings me to the organi-
sation Science and Technology Aus-
tralia1, which was previously known 
as the Federation of Australian Sci-
entific and Technological Societies (or 
FASTS).  Science and Technology 
Australia currently represents around 
65,000 scientists throughout Austral-
ia, and a total of more than 60 profes-
sional societies, each of which pays a 
membership fee in proportion to its 
membership.

The Australian Institute of Physics 
is one of the larger member societies, 
and was a founder.  A number of our 
presidents have led FASTS/STA, and 

I currently serve on the Board of Sci-
ence and Technology Australia.  This 
is as part of the “physical-sciences 
cluster”, which AIP has traditionally 
represented and led, but which also 
includes the following sister societies:  
Astronomical Society of Australia, 
Australasian Radiation Protection 
Society, Australian Ceramic Society, 
Australian Institute of Nuclear Sci-
ence and Engineering, Australian 
Meteorological and Oceanographic 
Society, Australian Nuclear Asso-
ciation, Australian Optical Society, 
Australian Microscopy and Microa-
nalysis Society and the Society of 
Crystallographers in Australia and 
New Zealand.  The Board meets 
twice per year, and day-to-day issues 
are dealt with by CEO Catriona Jack-
son, with governance and mentoring 
from an 8-person Executive.  The cur-
rent President is Ross Smith, of Hy-
drobiology Pty Ltd in Brisbane.  Ca-
triona and Ross are heavily involved 
in lobbying government on behalf 
of all of science, and in coordinating 
such lobbying with other important 
players – last year STA helped form 
the Research Alliance2, together with 
other players, including the acade-
mies, university groupings and so on.

But the biggest thing that Science 
and Technology Australia does is to 
organise “Science Meets Parliament” 
in Canberra, in Parliament House.  
This is a fantastic opportunity for our 
members to meet parliamentarians, 
both one-on-one and in presenta-
tions, as well as over dinner.  AIP is 
entitled to send three representatives, 
and this year (on 17-18 March) these 
were Deb Kane (Macquarie Univer-
sity), Dalia Hadaya (Canberra Hos-
pital) and Niraj Lal (Australian Na-
tional University).  I was entitled to 
attend, as a Board member, but was 
unable to.  In addition, my own or-
ganisation, like other sponsors, gets 
to send a number of representatives, 
including some physicists.  In general, 
we are encouraged to send early-ca-

reer researchers, and one often gets to 
meet one’s own local MP.  I have been 
twice before, and have met with Phil-
ip Ruddock (when he was Attorney-
General under John Howard) and 2 
years ago with current Minister for 
Industry Ian MacFarlane (when he 
was in opposition).

If you are interested in these sorts 
of activities, I would encourage you 
to “put your hand up” to represent 
physics in this important forum, next 
time the opportunity comes around.  
In addition, please take a look at the 
Science and Technology Australia 
website, especially the media state-
ments and press releases that Ca-
triona puts out on our behalf.  Please 
feel free to contact Catriona directly 
(via catriona.jackson@sta.org.au), if 
you have contributions to make to 
the national debate over the future 
directions of science and support for 
it by our government.  The most re-
cent media release was on May 14th, 
immediately after the Federal Budget 
was announced, on “$420M science 
and tech cuts threaten prosperity”.

Finally, please join me in con-
gratulating those fellow physicists, 
who were recently honoured in the 
Queen’s Birthday honours:  Steve 
Buckman (ANU), Jim Piper (Mac-
quarie),  Ian Allison (Tasmania) and 
Tomas Kron (Peter McCallum Can-
cer Institute).

Rob Robinson
1 http://scienceandtechnologyaustralia.org.au/ 
2 http://scienceandtechnologyaustralia.org.au/in-the-media/research-alliance-calls-for-long-term-vision-to-lock-in-prosperity/ 
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NEWS & COMMENT
Queen’s Birthday Awards
Four physicists were among those to receive awards in The 
Queen’s Birthday 2014 Honours List. 
Officer (AO) in the General Division of the Order of 
Australia: 

Dr Ian Allison, Glaciologist, 
Australian Antarctic Divi-
sion, Department of the En-
vironment, (1968-2010), for 
distinguished service to the 
environment as a glaciolo-
gist, to furthering interna-
tional understanding of the 
science of the Antarctic re-

gion, and to climate research.

Member (AM) in the Gen-
eral Division of the Order 
of Australia:
Professor Stephen John 
Buckman, Director, Re-
search School of Physics and 
Engineering, Australian Na-
tional University, for signifi-
cant service to science in the 
field of experimental atomic 
physics as a leading research-
er, academic and author. 

Professor James Austin ( Jim) 
Piper, Deputy Vice-Chan-
cellor (Research), Macquarie 
University, (2003-2013), 
for significant service to ter-
tiary education, particularly 
through research in applied 
laser physics.

Medal (OAM) of the Or-
der of Australia in the 
General Division:
Dr Tomas Kron, Principal 
Research Physicist, Peter 
MacCallum Cancer Centre, 
East Melbourne, for service 
to medicine, and to research 
and education.

CSIRO Solar Record
A team of solar thermal engineers and scientists at the 
CSIRO Energy Centre have created what’s called ‘super-
critical’ steam – an ultra-hot, ultra-pressurised steam that’s 
used to drive the world’s most advanced power plant tur-
bines – at the highest levels of temperature and pressure 
ever recorded with solar power.

The solar thermal tower in action, showing steam being 
generated.

Situated in Newcastle, the CSIRO Energy Centre is a 
state-of-the-art research facility specialising in renewable 
energy and low emission fossil fuel research. 

The Centre plays a pivotal role in Australia’s energy re-
search landscape as a centre for excellence in energy mod-
elling, large-scale solar and carbon capture technologies, 
renewable energy integration and energy efficiency. The 
record temperature was achieved using a solar tower: solar 
radiation reflected from a field of heliostats is concentrat-
ed onto a central receiver point to create the steam at these 
supercritical levels.

2014 Physics Olympiad Team announced
Australia’s teams for this year’s Science and Mathematics 
Olympiads were announced on 16 June at a ceremony at 
Parliament House in Canberra. The 45th International 

Dr Ian Allison

Professor Stephen Buckman

Professor Jim Piper

Dr Tomas Kron
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Physics Olympiad will take place from 13 to 21 July in 
Astana, Kazakhstan.

The Australian Physics Olympiad team and officials 
at the announcement. From left to right, Matthew Ver-
don (program director), Alexander Ritter (Scotch Col-
lege, Vic), Turner Hancock (Cranbrook School, NSW), 
Adam Spencer (MC), Dennis Jensen MP, Gunilla Bur-
rows (Chair, Australian Science Innovations), Allen Gu 
(Brisbane Grammar School, Qld), Arthur Thiele (Fort 
Street High School, NSW), Edric Wang (Sydney Boys 
High School, NSW).

Fizeau Prize awarded to Bill Tango
 

Caption: Dr Bill Tango
International Astronomical Union (IAU) has awarded 
the Fizeau Lifetime Achievement Prize for 2014 to Dr 
William Tango of the University of Sydney. The award, 
announced during the Montreal SPIE 2014 conference, 
was for “his long-term efforts in forwarding the theory, 
technology and practice of optical interferometry. This is 
most clearly demonstrated in the publication of the semi-
nal paper on interferometry in 1980, along with many 
other original works on a broad range of topics in the field. 
Dr. Tango has been involved in the construction & opera-
tion of several major ground based instruments, including 
most recently the Sydney University Stellar Interfereom-
eter (SUSI)”.

2013 Boas Medal to Chennupati Jagadish
The AIP’s Boas Medal for 
2013 has been awarded to 
Chennupati Jagadish, Dis-
tinguished Professor and 
Australian Laureate Fel-
low at the ANU, “For con-
tributions to the fields of 
compound semiconductor 
optoelectronics and nano-
technology.  His seminal re-

search work in areas such as innovative materials growth, 
exploitation of new physics in these new materials, novel 
semiconductor processing to the fabrication of state-of-
the-art optoelectronic devices are truly world-leading, as 
demonstrated by his outstanding publication record in 
highly prestigious international journals.”

Australian fusion strategic plan released
Powering Ahead: A National Response to the Rise of the 
International Fusion Power Program, a five-year strategic 
plan for fusion research in Australia was released on 10 
July. The release coincided with the official opening by 
Senator Zed Seselja of the upgrade of the H-1 facility 
at the Australian Plasma Fusion Research Facility at the 
ANU. The plan, commissioned by the ANU, ANSTO 
and the Australian ITER Forum, focuses on international 
collaboration, including an Australian diagnostics in-
volvement in the international ITER project and a new 
capability for fusion materials studies involving the ANU, 
ANSTO and the University of Newcastle. The plan fea-
tures participation in the cooridnated programmatic re-
search framework of the International Tokamak Physics 
Activity, which operates under the auspices of ITER. The 
plan can be downloaded from http://fusion.ainse.edu.au/ 

Left to right: Prof. Ian Young (ANU Vice-chancellor), 
Senator Zed Seselja, Dr Adi Paterson (ANSTO Director), 
Prof Stephen Buckman (RSPE Director, ANU) at the ANU 
event, Prof Andrew Roberts (Dean, College of Physics and 
Mathematical Sciences, ANU).

Professor
Chennupati Jagadish
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The Higgs boson visits Australia
On the 4th of July in 2012, the ATLAS (A Toroidal LHC 
ApparatuS) and CMS (Compact Muon Solenoid) Col-
laborations at CERN’s Large Hadron Collider (LHC) 
announced the discovery of a new particle of mass some 
130 times that of a proton, with properties suggesting 
that it may be the long-sought-after Higgs boson [1]. This 
brought to a culmination an experimental search of some 
45 years, and completed what particle physicists refer to 
as the Standard Model, a somewhat uninspiring title for 
what is a masterpiece of human intellectual achievement.

The timing of the announcement was very fortunate 
for Australian physics. The pair of seminars at CERN that 
announced the discovery, by spokespersons Fabiola Gi-
anotti of ATLAS and Joe Incandela of CMS, were timed 
to coincide with the opening session of the 36th Inter-
national Conference on High Energy Physics (ICHEP 
2012), which was being hosted in Australia for the first 
time, at the Melbourne Convention Centre. Held every 
two years, the IUPAP-organised ICHEP conference is 
considered the most prestigious in the field. 

With 800 of the world’s particle physicists gathered 
to watch the webcast beamed from CERN to all corners 
of the globe, the centre of gravity of all things to do with 
particles shifted to the southern hemisphere for a few days 
following that opening session. That the conference was in 
Australia at all was down to several years of effort by the 
local particle physics community, who, led by Geoffrey 
Taylor and Ray Volkas from the University of Melbourne, 
bid successfully to bring it here. 

Australia plays an increasingly visible role both in 
theoretical and experimental particle physics, with an in-
volvement in the ATLAS experiment and its search for 
the Higgs, and an identifiable focus for its activities now 
centred upon the ARC Centre of Excellence for Parti-

cle Physics at the Terascale (CoEPP, www.coepp.org.au), 
which commenced in 2011. For both the field as a whole 
and for Australia’s part in it, these are exciting times; but it 
is interesting to look at how Australian particle physics has 
travelled the road from more humble times to the heady 
days of the Higgs and beyond.

“...in the 1980s, experimental 
particle physics in Australia was 
very much of the suitcase variety...”

Early days
Back in the 1980s, experimental particle physics in Aus-
tralia was very much of the suitcase variety, the main as-
sociation with the CERN accelerator physics program 
being through the late Stuart Tovey’s (see Figure 1) indi-
vidual membership of the UA2 experiment at the Spp̄ S 
proton-antiproton collider. UA2 itself left a giant legacy 
on the development of the field, having been one of the 
two CERN experiments to directly detect,  in 1983, the 
W and Z bosons responsible for the weak force [2]. The 
fact that these force-carrying bosons were, respectively,  
around 80 and 90 times heavier than the proton, and not 
mass-less like the photon, was thought to be down to a 
phenomenon known as spontaneous symmetry breaking 
and the existence of the Higgs field, but direct experimen-
tal support for this idea was some three decades away, as 
we now know.

As a graduate student at the time, studying for a PhD 
in Europe, I clearly remember the great excitement that 
the W and Z discoveries brought with them. This was 
tinged with a feeling of some regret, in realising that to 
work in this field one seemingly had no choice but to leave 

Australia and the Higgs
Kevin Varvell
ARC Centre of Excellence for Particle Physics at the Terascale 
School of Physics, The University of Sydney, NSW 2006 
kevin.varvell@sydney.edu.au

The 2012 announcement of the discovery of the Higgs boson at the Large Hadron Collider (LHC) at CERN 
was the culmination of experimental searches spanning more than four decades.  The extraordinary 
effort to mount the large experiments at the LHC was a truly international one, involving physicists and 
engineers from all corners of the globe, including Australia. This article presents the story of Australia’s 
involvement in the project over the past twenty years, along with its growing role in particle physics 
more generally.
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Australia as I had. Slowly over the years that situation has 
changed, as the field in Australia has grown to the point 
that it is perfectly normal for local students to complete 
their graduate studies in this country, working on a major 
international experiment, often then moving to a postdoc-
toral position overseas or applying their training in other 
spheres.

Figure 1: Stuart Tovey (1939-2010) was one of the pioneers 
of Australian physics involvement with CERN experiments. 

The foundations for this change were laid towards the 
end of the 1980s. Geoffrey Taylor returned to his native 
Australia from graduate studies and postdoctoral posi-
tions overseas, to take up a faculty position at the Univer-
sity of Melbourne alongside Tovey. The then Director-
General of CERN, Carlo Rubbia, who along with Simon 
van der Meer received the Nobel Prize for the discovery 
of the W and Z bosons, visited Australia in 1989 and the 
seeds were sown for the signing two years later of a coop-
eration agreement between the Australian Government 
and CERN, for “The Further Development of Scientific 
and Technical Co-operation in the Research Projects of 
CERN”. Basically, through the agreement, Australian 
physicists with their institutes could participate in CERN 
projects, such as “for example, a Large Hadron Collider 
in the LEP tunnel”, under the specific conditions or 
memoranda of understanding (MoUs) of those projects, 
alongside their international peers. Australians could also 
become Scientific Associates at CERN, and students and 
engineers could attend the CERN Physics, Accelerator 
and Computing schools.

The official implementing authority of this agreement 
at the Australian end was the Australian Nuclear Science 
and Technology Organization (ANSTO). At this time 

ANSTO became the third Australian Institute to be in-
volved in experimental particle physics, a position which 
it maintained until the end of 1996. Along with creating a 
small research group in the field itself, ANSTO sponsored 
the establishment of a further faculty position at the Uni-
versity of Melbourne, which brought Martin Sevior back 
to the country from Canada. 

The second particle physics group at the time ANSTO 
became involved was Lawrence Peak’s group at the Uni-
versity of Sydney. This group had evolved from a strong 
cosmic ray physics group to one pursuing fixed target ac-
celerator experiments at Fermilab and underground neu-
trino physics experiments with the prototype water Cer-
enkov detector for the planned SUNLAB experiment in 
the North Mine at Broken Hill. With funding for a full 
SUNLAB detector difficult to raise, accelerated closure 
of the North Mine by Pasminco Mining, and a desire to 
create critical mass in Australia to make the most of the 
CERN initiative, Peak’s group changed focus and joined 
forces with Melbourne and the new ANSTO group. 
Whilst this home-grown consortium put Australia on 
the road to playing its role in the Higgs discovery, its most 
visible involvement at CERN in the 1990s was arguably 
through the neutrino oscillation experiment NOMAD, 
which took data from 1994 to 1998 in the West Area at 
CERN, utilising a tertiary beam of neutrinos derived from 
the 450 GeV Super Proton Synchrotron (SPS), which is 
now part of the accelerator chain feeding protons to the 
LHC. For the first time, Australian groups participated 
as equals in all stages of a major CERN experiment, with 
responsibilities for hardware and software design and con-
struction, detector maintenance and operation, and analy-
sis of the resulting data.

“For the first time, Australian 
groups participated as equals 
in all stages of a major CERN 
experiment...”
The seeds for the LHC had already been planted before 
NOMAD came along, a long time before in fact. It is a 
fact of life for experimental particle physicists that signing 
on for the long term is a part of the game. The concept 
of the LHC dates from the late 1970s, but its birth as a 
project is generally attributed to a workshop sponsored 
by ECFA (European Committee for Future Accelera-
tors) and CERN in Lausanne in 1984 [3], on the topic 
of a large hadron collider in the Large Electron-Positron 
(LEP) collider tunnel. This is almost a quarter of a century 
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before first beams circulated in the LHC rings in 2008. 
By the start of the 1990s, LEP was running, Rubbia was 
Director General of CERN, magnet prototypes were be-
ing built and the push for approval of the LHC by CERN 
Council was well under way (see Figure 2). 

The ATLAS Collaboration takes shape
The technology for building the giant detectors which 
would have to sit at the collision points of the LHC’s 
proton beams was also being explored at this time. At the 
heart of these detectors would be fine-grained tracking and 
vertex-finding detectors, to reconstruct the large numbers 
of charged particles which would emerge from the colli-
sions. The big issue was what these detectors should be 
built from, since it was not clear whether the state-of-the-
art detectors at the time, employing silicon strips, would 
withstand the harsh radiation environment of the very 
intense LHC beams for the many years of planned LHC 
operation. CERN had established research and develop-
ment (RD) collaborations to investigate many aspects of 
LHC detector technology, and Australian groups partici-
pated in two. The Melbourne group joined RD2, looking 
at the feasibility of constructing large-area silicon-based 
tracking detectors, while the ANSTO group joined RD8, 
investigating gallium arsenide, known for its radiation 
hardness, as an alternative semiconductor material for 
particle detection. 

Figure 2: The Geneva region and CERN, showing the 
footprint of the Large Hadron Collider ring. Image:CERN 

Ultimately the tried and trusted technology of silicon 
would form the inner tracking and vertex detectors of the 
LHC experiments, the research and development effort 

having convinced the community that the radiation hard-
ness properties of silicon would be sufficient. At the time 
when the RD collaborations were doing their first work, 
the collaborations that would build ATLAS and CMS 
did not yet exist. The ATLAS collaboration, for example, 
took shape in late 1992, as the merger of the proto-col-
laborations EAGLE (Experiment for Accurate Gamma, 
Lepton and Energy Measurements) and ASCOT (Appa-
ratus with Super Conducting Toroids), which had formed 
a couple of years earlier. Australia, through the Melbourne 
and ANSTO groups, was a part of the EAGLE camp at 
the time of the merger, and became part of the ATLAS 
Letter of Intent (LoI) [4]. The ATLAS acronym (A Toroi-
dal LHC ApparatuS) was even more forced than that of 
its parents, the production of such things being a sin for 
which particle physicists may never be granted forgive-
ness!

The ATLAS LoI did not specify a timeline for con-
struction and first running of the experiment, only not-
ing that this would occur after the completion of the LEP 
project, which was occupying the 27 km tunnel in which 
the LHC would be placed. The 1994 ATLAS Technical 
Design Report [5], which Melbourne and ANSTO also 
signed, foresaw LEP closing down in 1999 and the first 
LHC physics run taking place in 2003. The fact that the 
first beams finally circulated in the LHC in 2008, and the 
first serious physics run took place in 2010, highlights the 
act of faith required from individual physicists and fund-
ing agencies when supporting such long-term, complex 
projects as the LHC.

“Australia signed the ATLAS 
Construction MoU in 1998, 
with Melbourne and Sydney as 
collaborating institutes.”

Official approval for the LHC and its giant detectors 
came from CERN Council in 1994, and MoUs were pre-
pared to share the monumental task of building the ex-
periments amongst the hundreds of institutes and thou-
sands of physicists and engineers involved. In contrast to 
what typically goes on in the corporate world, MoUs in 
particle physics are not legally binding documents, rather 
representing a commitment of the signatories to deliver 
what they have signed up to on a best-effort basis. That 
such large undertakings can successfully be brought to 
fruition using a management model relying essentially on 
trust and goodwill, albeit motivated by a very high degree 
of common interest on the part of the physicists involved, 
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is perhaps teaching us something which could be applied 
more broadly. Australia signed the ATLAS Construction 
MoU in 1998, with Melbourne and Sydney as collaborat-
ing institutes. Sydney had become a member of ATLAS 
in 1995, and ANSTO had ceased involvement in particle 
physics at the end of 1996.

A decade of construction
Australia’s role in construction of ATLAS was primarily 
centred on some of the silicon modules for the end-cap 
wheels of the Semiconductor Tracker (SCT), a task which 
followed naturally from the earlier RD projects in which 
it had been involved. That work mostly took place in the 
basement of the David Caro building at the University of 
Melbourne, where the Melbourne experimental particle 
physics (EPP) group has its labs.  Along with the tasks 
undertaken by ATLAS institutes themselves, some of the 
construction of large particle detectors is outsourced by 
tender to industry, through so-called common projects. 
Whilst the majority of these projects end up with compa-
nies in the CERN member states, engineering company 
VEEM Ltd., in WA, produced some large precision-ma-
chined lead-bronze alloy plugs which serve as radiation 
shields in the ATLAS detector (see Figure 3).

Figure 3: One of the large shielding components for the 
ATLAS detector manufactured by Australian engineering 
company VEEM Ltd. 

Preparation for eventual ATLAS data-taking formed 
a constant on the Australian particle physics scene for 
nearly two decades. The perhaps inevitable delays to the 
overall project could be expected to test the resolve of the 
most committed experimentalist. Students must continue 
to be trained and, ideally, be exposed to real, running ex-
periments with data to analyse. Whilst test-beams can and 
did serve some of this purpose in the long years of ATLAS 
construction, the way that most groups handle this situ-
ation is to maintain simultaneous involvement both in a 
running experiment and one at the planning/construc-
tion stage. In the mid-1990s there was NOMAD, and for-
tunately for Australian particle physics there was the Belle 
experiment at KEK in Japan, which came along in the late 
1990s as NOMAD was winding down. The Melbourne 
and Sydney groups were invited to join Belle and did so 
in 1997, with the EPP lab providing construction of sili-
con modules for the Belle Silicon Vertex Detector (SVD) 
in addition to the ATLAS SCT work. The Belle experi-
ment ran from 1999 to 2010, proving to be staggeringly 
successful. Its principal, and fulfilled aim was to search 
for CP violation in the decays of neutral B mesons, which 
was expected to be much more pronounced than the cor-
responding effect for strange K mesons discovered in the 
1960s. Theorists Kobayashi and Maskawa, who were able 
to introduce CP violation to the Standard Model in 1973 
by postulating a third generation of quarks, were awarded 
a share of the 2008 Nobel Prize for physics on the basis of 
the observation of CP violation in the B-meson system by 
Belle and its rival experiment BaBar at SLAC [6]. 

Through the Belle years and the construction of the 
LHC and ATLAS, Australian particle physics continued 
to grow, albeit slowly. In particular the Melbourne group 
was strengthened by the arrival of Elisabetta Barberio to 
a faculty position working on ATLAS and Belle, and the 
return to Australia of theorists Nicole Bell and Tony Gh-
erghetta, the latter to a Federation Fellowship. A particle 
theory group commenced at Monash with the hiring of 
Csaba Balazs, to join the well-established ones at Mel-
bourne and Adelaide Universities.

The LHC turns on
Finally as the first decade of the new century began to 
draw to a close, the LHC was completed along with its 
giant detectors. Amidst much media interest, first beams 
circulated in the machine on 10th September 2008, only 
to see the machine break down catastrophically some 
nine days later when a faulty electrical connection caused 
a quenching of one of the LHC’s superconducting mag-
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nets and the release of several tons of helium, contaminat-
ing the vacuum pipe. Some fifty magnets were damaged by 
the large mechanical forces associated with the accident, 
and the LHC program was set back fourteen months as 
repairs were made. Operations recommenced in Novem-
ber 2009, with the machine performing flawlessly since, 
albeit at collision energies roughly half of design. Now the 
much-anticipated hunt for the Higgs boson could begin 
in earnest, a hunt which culminated in the announce-
ments of early July 2012. 

“the much-anticipated hunt for 
the Higgs boson could begin in 
earnest, a hunt which culminated 
in the announcements of early July 
2012”
The initial discovery channels for the Higgs boson, which 
turned out to have a mass of around 125 GeV/c2, were 
decays to a pair of photons, and to a pair of Z bosons 
which each decayed to a pair of oppositely charged lep-
tons, specifically electrons and muons. With the greatest 
challenge to Higgs searches being the huge backgrounds 
from other Standard Model processes, which must be sup-
pressed by many orders of magnitude, these decay modes 
are the cleanest to observe experimentally. This is because 
all decay products are detectable, final state leptons and 
photons are relatively rare at a hadron collider, and good 
mass resolution for the decaying Higgs results. Once the 
signal for a new boson was established in these channels, 
the next questions that would be asked were whether the 
spin of the boson was zero as expected, whether the rate 
of production agreed with the predictions of the Standard 
Model, and whether it would be observed in all expected 
decay channels. Subsequent work seems to indicate that 
the answer to the first two questions is yes, at least to the 
precision that can be reached with the amount of data cur-
rently collected by ATLAS and CMS. The answer to the 
third question also appears to be yes. An analogous decay 
channel to a pair of neutral Z bosons is that to a pair of 
charged W bosons, which presents challenges because 
when the W bosons decay leptonically a neutrino is pro-
duced which escapes the detector, degrading considerably 
the mass resolution which can be achieved for the signal. 
CoEPP physicists made significant contributions to teas-
ing out the signal for Higgs decay to W bosons, and ad-
ditionally to the decay channel to a pair of tau leptons, 
which also involves missing neutrinos (See Figure 4). The 

latter decay is of particular importance because it indicates 
that not only does the Higgs couple to bosons (photons, 
Z, W) but also to fermions, as expected. 

 

Figure 4: A candidate Higgs boson decay to a pair of tau 
leptons, recorded by the ATLAS detector. In this case one 
tau decays to a muon and neutrinos and the other to an 
electron and neutrinos. 
Image: ATLAS Experiment @ 2014 CERN.

The successful bid for an Australian Centre of Excel-
lence in particle physics, coming as it did at the start of 
LHC running, provided a timely and very significant step 
up in Australia’s ability to contribute to the physics which 
is coming from the LHC. Apart from an increase in the 
number of Australian-based postdoctoral researchers 
working on LHC physics, either directly on ATLAS or 
on related theory and phenomenology, it is already pro-
ducing a longer-term legacy. Testament to this is the estab-
lishment of an experimental particle physics group at the 
University of Adelaide led by Paul Jackson, which was ac-
cepted as an ATLAS member institute in mid-2012, and a 
theoretical particle physics group at the University of Syd-
ney led by Archil Kobakhidze. This has now established 
theory groups alongside experimental groups at three of 
the four nodes of CoEPP, fulfilling one of the Centre’s 
aims of promoting closer discourse and collaboration be-
tween the communities of theorists and experimentalists.

Looking ahead
Following the highly successful first run from 2010 to 
2012, the LHC is currently in a shutdown period, with 
operations due to recommence at the start of 2015. Dur-
ing this time, further repairs and refinements to the ac-
celerator are being made, to ensure that the step up in 
collision energy next year from 8 TeV to 13 TeV, and 
subsequently to the design energy of 14 TeV, can be con-
fidently made. Two further major shutdowns are planned 
for the LHC, one in 2018, which will see the machine 
upgraded to produce a doubling in luminosity (a meas-
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ure related to beam intensity), and a longer one starting 
around 2023 which would see the so-called High Lumi-
nosity LHC (HL-LHC) come into being. The challenge 
for the LHC detectors such as ATLAS is how to cope 
with the much larger numbers of particles in the detector 
at any one time which results from higher luminosity run-
ning. ATLAS for example is working on a completely new 
hardware-enabled tracking reconstruction strategy based 
on the Fast TracKer (FTK), the development of which has 
CoEPP involvement.

By necessity, given the long timescales involved, the 
international particle physics community has its eyes not 
only on the present but also firmly on the future, beyond 
even the next decade of the LHC and its giant detectors. 
Precision studies of the Higgs is a priority, and hopefully 
the uncovering of the physics beyond the Standard Model 
needed to solve some of the outstanding questions which 
the Standard Model, albeit now with Higgs on board, 
cannot answer. What form future colliders should take is 
being actively discussed, though a decision on this, both 
from those mapping out the long-term strategy for experi-
mental particle physics, and from the funding agencies, is 
likely to be taken having seen what is thrown up by the 
next phase of LHC running. Australia has played its part, 
as befits a scientifically advanced nation, in the decades-
long journey which has seen the appearance of the Higgs 
boson, and is poised to play its part in the future journey 
which takes us beyond. 
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Introduction 
The first science from the Narrabri Stellar Intensity Inter-
ferometer (NSII) was published in 1964.  Fifty years later 
it is worth looking back to see how an idea proposed by 
an electrical engineer in the 1950s to solve a problem in 
radio astronomy eventually led to the construction of the 
NSII in rural New South Wales. The underlying principle 
of intensity interferometry is the Hanbury Brown-Twiss 
(HBT) effect, which was controversial when it was first 
applied to optical interferometry but was arguably the 
first demonstration of modern quantum optics.  

Figure 1: Robert Hanbury Brown AC FRS FRAS. Credit: 
School of Physics, University of Sydney. 

Radio Intensity Interferometry
Robert Hanbury Brown (Fig. 1) was born in India in 
1916 to a family with a distinguished record of service 
to the British army. Due to his family’s straightened cir-
cumstances he decided to become an electrical engineer 
rather than to pursue a more academic career and prior 
to the outbreak of World War II he joined the top-secret 
program tasked with developing radar for the Royal Air 
Force.  He played a key role in this work and was the pro-
totype “boffin.” [1]

Like many radio engineers, after the war he moved into 
the new field of radio astronomy and took up a position 
at Jodrell Bank Observatory, an outstation of the Univer-
sity of Manchester.  “Radio stars” had been detected previ-
ously, but their nature was a mystery.  In particular the size 
of these objects was unknown.  The smallest angular size 
that can be determined by an optical or radio  telescope is 
called the resolution and is approximately λ/A, where  λ 
is the wavelength and A is the diameter of the telescope 
aperture.   The resolution can be increased by using an in-
terferometer.  A two-aperture interferometer is analogous 
to the Young’s double-slit interferometer:  two separated 
apertures collect the radiation from the source and the sig-
nals are combined in a square-law detector.  Let L1 and L2 
be the propagation paths from the source to the detector, 
measured through the first and second apertures. If δω is 
the bandwidth, the coherence length of the interferometer 
will be l = c/δω.  Interference will only occur if |L1 - L2| <<l 
and when this condition holds the fringe visibility can be 
used to determine information about the size and struc-
ture of the source.  The resolution of an interferometer is 
approximately λ/D, where D is the projected separation 

The Hanbury Brown-Twiss Effect and the 
Birth of Quantum Optics
W. J. Tango
Sydney Institute for Astrophysics, 
University of Sydney, NSW 2006

The Narrabri Stellar Intensity Interferometer (NSII) began its science program in 1963.  Intensity 
interferometry was originally proposed by Robert Hanbury Brown around 1950 as a way of extending 
radio interferometry to long baselines and the theory was largely developed by Richard Twiss.  The 
method was later extended to optical interferometry; this was controversial because it appeared to 
violate basic quantum mechanics. We discuss the history of the method and the NSII.  Importantly, 
intensity interferometry was a key motivation for Roy Glauber, who developed the theory of coherent 
states to explain it.  This work laid the theoretical basis for modern quantum optics, for which Glauber 
was awarded the Nobel Prize.
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between the apertures (the projected separation is the 
separation seen from the direction of the source) [2]. If 
radio sources actually had stellar dimensions, interferom-
eters with intercontinental baselines would be required 
and this was far beyond the available technology in the 
early 1950s. 

Figure 2: The electronic “correlator” where the 
photocurrents from the two detectors were multiplied 
together.  The design of the correlator proved to be difficult 
and Twiss returned to the UK to supervise its construction.  
The final output of the NSII was printed by the specially 
modified Addo-X calculator seen in this picture. Credit: 
School of Physics, University of Sydney.

“…Hanbury had noticed that the 
noise from two separate telescopes 
appeared to be correlated.“

The intensity signal from a radio telescope is actually 
noise, and Hanbury had noticed that the noise from two 
separate telescopes appeared to be correlated.  Consider 
two very closely spaced frequencies, ω1 and ω2.  These will 
produce a beat note proportional to cos(ω1 - ω2)t at the 
detector on the first telescope.  The output of the detector 
at the second telescope will be cos(ω1 - ω2 + φ)t, where φ 
is a phase shift.  Hanbury argued that the observed noise 
was the superposition of many such beats.  Crucially, the 
phase shift appearing here is exactly the same as the phase 
shift that arises in a conventional interferometer and, if 
the post-detector bandwidth is  small,

	  
21

2 IIV ⋅∝

where |V |2 is the square of the fringe visibility, I1 and I2 
are the photocurrents from the two detectors and the bar 
indicates averaging over a suitably long time period.  The 
effective coherence length for such a radio intensity inter-
ferometer is proportional to c/δωpd, where δωpd is the post-
detector bandwidth.  Since this bandwidth can be made 
quite small (e.g., less than 1 MHz) the coherence length of 
the intensity interferometer is orders of magnitude larger 
than a conventional interferometer and in principle one 
could even record the signals received at two widely sepa-
rated sites and correlate them later.  The penalty for a nar-
row post-detector bandwidth is a greatly reduced signal-
to-noise ratio.

Although Hanbury was confident that his interfer-
ometer would work he couldn’t prove it mathematically, 
and a mutual friend introduced him to the mathematician 
Richard Quentin Twiss.

Like Hanbury, Richard Quentin Twiss was born in 
India (in 1920) to a distinguished army family. He com-
pleted the Mathematical Tripos at Cambridge with dis-
tinction and during the war worked on the theory of the 
klystron.  After the war he was a member of the British del-
egation to the MIT Radiation Laboratory in the USA and 
was awarded an Sc.D. by MIT in 1949.  He would have 
been aware of the work at the Bell Telephone Laboratories 
on noise and stochastic processes, and when Brown and 
Twiss finally published the theory of their interferometer 
[3] it was based in large part on the formalism developed 
by S. O. Rice [4]. (The chronology can at times be some-
what confusing, but as the author can attest, collaborating 
with Twiss could be very frustrating.  The theory of the ra-
dio intensity interferometer was published some two years 
after the observational results.) 

Brown and his students constructed a radio intensity 
interferometer and their results were published in 1952 
[5], together with a paper by B.Y. Mills, then at the CSIRO 
Division of Radiophysics [6].  The Manchester and Syd-
ney researchers had independently measured the angular 
sizes of the radio sources Cassiopeia A and Cygnus A, and 
their results were consistent.  Mills, however, had used an 
“amplitude” interferometer.  An amplitude interferometer 
has a signal-to-noise ratio that is much larger than a radio 
intensity interferometer and consequently this spelled the 
end of radio intensity interferometry as a practical tool.

The Hanbury Brown-Twiss effect
In 1954 Twiss visited Jodrell Bank on a day when the 

ionosphere was particularly unstable, and he noted that 
the “correlation” from the intensity interferometer ap-
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peared to be unaffected.  It occurred to him that an optical 
intensity interferometer similarly might be unaffected by 
atmospheric turbulence effects (called “seeing” by astron-
omers).

“…an intensity interferometer 
would not need precision optics: 
crude “light buckets” would suffice.”

His calculations showed that this was indeed the case, 
but the poor signal-to-noise ratio of an intensity interfer-
ometer implied that relatively large and expensive optics 
would be required.  A few months later Hanbury and 
Richard realised that the same insensitivity to path length 
fluctuations meant that an intensity interferometer would 
not need precision optics: crude “light buckets” would 
suffice.

Before proceeding further they decided to construct 
a laboratory demonstration to confirm that the method 
would work.  A beamsplitter was used to direct light to 
two separate photomultiplier tubes, and the photocur-
rents were combined in an electronic “correlator.” This 
work was published in 1956 [7] and in Hanbury’s words 
[1] it “really put the cat among the pigeons.”  

Figure 3: Concealed within the control desk was a purpose 
built electro-mechanical computer that provided the 
signals for pointing the two reflectors and for positioning 
them on the rail tracks. Credit: School of Physics, University 
of Sydney.

Consider a Young’s slit interferometer having two slits 
with a single photon in the apparatus.  According to el-
ementary quantum mechanics the state of the photon is a 
superposition of states, one corresponding to the photon 

passing through the first slit and the other correspond-
ing to the same photon passing through the second slit.  
Any attempt to determine which slit the photon passes 
through will destroy the interference.  In the HBT experi-
ment the slits are replaced by photodetectors and the el-
ementary theory implies that no interference will occur.  
Yet the photocurrents from the two detectors are correlated 
and the correlated signal behaves like interference.  

At least two experiments failed to detect the HBT ef-
fect and it was argued that this refuted Hanbury Brown 
and Twiss’s work.  However these experiments used low 
intensity light sources and an analysis by Hanbury and 
Richard showed that such experiments would require in-
tegration times of 1011 years in order to see the effect [8]!

The angular diameter of Sirius
The best way to refute the critics was by experiment.  
Hanbury assembled a stellar intensity interferometer us-
ing two Army searchlights, replacing the lamp assemblies 
with photomultiplier tubes.  He used this to observe α 
Canis Majoris (Sirius) and, by varying the separation d be-
tween the two receivers, determined V2(d). From this the 
angular diameter of Sirius could be determined [9]. 

“This result showed conclusively 
that optical intensity 
interferometry did indeed work, 
although why it worked was still 
something of a mystery.”
This was the first measurement of the angular diameter of 
a main sequence star (the pioneering work of Michelson 
and Pease was restricted to supergiant stars, e.g., α Ori-
onis or Betelgeuse [10]).  This result showed conclusively 
that optical intensity interferometry did indeed work, 
although why it worked was still something of a mystery.  
There were several attempts to explain the effect, but they 
all used semi-classical arguments starting from standard 
electromagnetic theory.

The Narrabri Stellar Intensity Interferometer
Regarding a star as a black body having an effective tem-
perature Te, the Stefan-Boltzman law takes the form 

	  
4

4
eTf σθ

=

where f is the integrated flux (units of J.m-2.s-1) from the 
star at the top of the Earth’s atmosphere, θ is the angular di-
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ameter of the star and σ is the Stefan-Boltzmann constant.  
Thus the effective temperature can be found by measuring 
two physical observables: the flux and the angular diam-
eter (there is also a small correction for limb-darkening 
which we ignore here).  Hanbury and Richard realised 
that a large optical intensity interferometer would be an 
ideal instrument to determine the angular diameters, and 
hence the effective temperatures, of stars and they began 
to lobby the British government to support such a project.

Figure 4: An aerial view of the NSII.  Each reflector was 6.7 
m in diameter and each assembly moved on a circular rail 
track.  The track gauge was 5.5 m and the diameter of the 
track was 330 m.  Each reflector was actually a mosaic of 
252 hexagonal mirrors.  Each mirror was spherical, having 
a focal length of 11 m.  The supporting structure had an 
approximately parabolic shape.  Power and signals were 
provided by heavy cables that formed a catenary between 
the reflector truck and the control building at the centre of 
the tracks. Credit: School of Physics, University of Sydney.

By this time Richard Twiss had gone to Sydney to take 
up a research fellowship with the CSIRO Division of Ra-
diophysics.  The Division was located in what is now the 
Madsen Building on the University of Sydney campus, ap-
proximately 100 m from the School of Physics.  In 1952 
Harry Messel became the Head of the School of Physics 
and immediately set about to transform a sleepy depart-
ment into a world-class research centre.   Stanley Chatter-
ton, one of the founders of Woolworths, had given Messel 
£50,000 to establish an astronomy department; Richard 
and Hanbury then persuaded Messel that the School 
should construct a large stellar intensity interferometer.  
No doubt one of the selling points of such an instrument 
was that it would be unique and would produce signifi-
cant scientific results.  It was also politically attractive: at 
the time optical astronomy in Australia was dominated by 
the Mt Stromlo Observatory in Canberra and radio as-

tronomy was similarly dominated by CSIRO.  An inten-
sity interferometer would not duplicate work being done 
elsewhere.  Twiss was appointed as a senior lecturer and 
was to take charge of the project.

Harry Messel and Richard Twiss together travelled 
around New South Wales to find a suitable site for the in-
terferometer.  One can only imagine the reaction of the 
civic dignitaries of rural towns to the brash, cigar-smok-
ing, Canadian Messel and the tall Englishman with a posh 
Cambridge accent and a tendency to sing Wagner at odd 
moments!  Narrabri was eventually selected and according 
to an often repeated story it was because Twiss was a golfer 
and the town had a golf club with watered fairways.  The 
actual reason, as Twiss explained to the author, was that in 
his view a town that could support a prosperous golf club 
with grassed fairways would also have the kind of facilities 
needed to support a research station.  Another important 
factor at a time when most country roads were unsealed 
was that Narrabri had a regular air service to Sydney. 

 Twiss returned to the UK to supervise the assembly of 
the electronics (Fig. 2, 3) for the intensity interferometer, 
leaving the Australian end of the project without leader-
ship. Cyril Hazard briefly filled the gap, and in 1962 Mes-
sel persuaded Hanbury to accept a two-year appointment 
to see the project to completion (Twiss resigned from the 
University in 1963). 

Roy Allen and John Davis had recently completed 
their Ph.D.s at Jodrell and were also recruited to work 
with the NSII.  During this period Hanbury not only had 
to manage the logistics of building such a large instrument 
in what was then outback NSW, he also had to raise funds 
to complete the project.  The necessary money was even-
tually obtained from an unlikely source: the US Air Force. 
Fig. 4 shows an aerial view of the NSII and Fig. 5 shows 
one of the reflectors in more detail.  

“The NSII eventually measured 
the angular diameters of 32 bright 
stars…”

Commissioning tests began in 1963, using the bright 
star β Centauri as the target. Unfortunately the actual 
signal was only about one-half of the expected value, and 
the NSII team spent considerable time trying to locate the 
problem.  Finally, they looked at a different star, α Lyrae 
(Vega) and the signal was fine!  Hanbury later noted [1] 
that Murphy’s Law had struck again: β Cen was actually 
a previously unknown binary star. The Vega results were 
published in 1964 [11]. 
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The NSII eventually measured the angular diameters 
of 32 bright stars, all hotter than the Sun [12].  The di-
ameters were used to determine the effective temperatures 
of these stars [13] and establish the temperature scale for 
stars hotter than the Sun, a result that still stands [14].

One notable study focussed on the bright binary star 
α Virginis (Spica).  It was observed for 115 hours and the 
data were fitted using a 13 parameter model.  Combining 
the interferometric observations with the existing spec-
troscopy it was possible to determine the distance (25.7 
± 1.2 light years) to Spica with an accuracy that was ap-
proximately ten times better than previous work [15].  By 
present standards the computational resources available to 
the NSII team were minuscule, making this work a par-
ticularly outstanding achievement. 

The main observing program with the NSII finished 
in 1970, and in 1976 the interferometer was dismantled.

Glauber’s coherent states
In 1963 Roy Glauber at Harvard published a remarkable 
series of papers [16], [17], [18].  His motivation was two-
fold: to explain the HBT effect and to investigate whether 
or not the newly discovered “optical masers” (i.e., lasers) 
would show a similar effect.  Unlike all previous attempts 
to explain the effect he started with first principles. In 
Glauber’s words, “[t]here is ultimately no substitute for 
the quantum theory in describing quanta.” [16]

Almost all earlier discussions of interference had fo-
cussed on the paradoxical behaviour of a single photon 
passing through an interferometer.  When an interferom-
eter is illuminated with a beam of incoherent radiation 
consisting of many photons the state of the radiation field 
has to be described statistically. Glauber called these co-
herent states and was able derive the HBT effect in terms 
of coherent states. He also concluded that the radiation 
from optical masers would not show the HBT effect.  
Glauber’s work laid the theoretical foundations for mod-
ern quantum optics.   

The road to SUSI
In 1975 Hanbury and John Davis obtained a grant to 
carry out a feasibility study for a large intensity interfer-
ometer that would have much greater sensitivity than the 
NSII. At this time, however, the field of high resolution 
astronomical imaging was rapidly evolving.  
In 1970 A. Labeyrie had discovered speckle interferometry 
[19]. Initially conceived as a way to achieve diffraction-
limited images with a single telescope, Labeyrie went on 
to develop a two-aperture interferometer [20]. 

Richard Twiss realised that a modernised version of 

Michelson’s stellar interferometer would have a much 
greater sensitivity than an intensity interferometer and in 
1960 he wrote to Messel, saying “that I am most anxious 
to press on with a design study for a Michelson stellar in-
terferometer.  As you know, I feel that such a study can 
only be carried out in Europe...” Unfortunately, Messel’s 
reply was not in the file, but his reaction can be easily im-
agined!

Twiss actually built a prototype instrument in England. 
This instrument was later transported to a field station op-
erated by the Royal Observatory Edinburgh, located in 
the commune of Monteporzio Catone and overlooking 
the Roman campagna.  It is worth noting that this inter-
ferometer was one of the first astronomical instruments 
to incorporate adaptive optics to mitigate the deleterious 
effects of seeing [21].

Figure 5: One of the NSII reflectors.  The detector 
(photomultiplier tube) was located in the housing at 
the end of the mast that extended from the centre of the 
reflector.  The reflection is of John Davis. Credit: School of 
Physics, University of Sydney.

Both speckle interferometry and “modern Michelson” 
interferometry utilised recent developments in the field 
of atmospheric optics.  There was a belief at the time that 
“seeing” was  now understood and could be characterised 
by a single parameter [22] (in hindsight this was overly 
optimistic view).

Hanbury and John used the feasibility grant to start 
construction on a prototype Michelson stellar interferom-
eter (modelled to a large extent on the Twiss interferom-
eter).  This instrument was successfully used to measure 
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the angular diameter of Sirius [23]. Based on this work a 
proposal to build a large optical stellar interferometer was 
submitted to the Australian Research Grants Committee; 
this proposal was successful and the result is the Sydney 
University Stellar Interferometer (SUSI), also located (by 
complete coincidence) at Narrabri. 

Later developments 
The HBT effect is a consequence of Bose-Einstein sta-

tistics and one would expect that bosons in general will 
exhibit similar behaviour.  This is indeed the case.  Two-
particle correlations have been used to investigate the 
structure of heavy nuclei and the HBT effect has proved 
to be a very useful tool in studying the physics of quantum 
gases at extremely low temperatures [24].

There is also a proposal to use the large collecting area 
of the Cherenkov Telescope Array as an intensity interfer-
ometer to probe in detail the structure of rotationally flat-
tened stars, the effects of tidal distortion in close binary 
systems, etc. [25] 

On retirement Hanbury returned to England, where 
he died in 2002.  

“In his Nobel lecture Glauber was 
generous in acknowledging the 
contribution of Hanbury Brown and 
Richard Twiss to his own work”

When the author worked with Richard Twiss in the 
1970s he regarded Australia as rather barbarian (“but 
William,” he said to the author once, “they eat peas out 
of tins!”).  However, late in his life he returned to Sydney.  
He provided some financial support for SUSI and in 2004 
he applied for permanent residence, but died suddenly in 
April 2005.

In October 2005 it was announced that Roy Glauber 
would be awarded a half-share of the Nobel Prize in Phys-
ics, “for his contribution to the quantum theory of optical 
coherence.” In his Nobel lecture Glauber was generous in 
acknowledging the contribution of Hanbury Brown and 
Richard Twiss to his own work [26].  
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“Musical training is a more potent 
instrument than any other, because rhythm 
and harmony find their way into the inward 
places of the soul, on which they mightily 
fasten imparting grace.” Plato [1]

The relationship between music and physics is logical 
and natural. Indeed, in ancient times, music was studied 
alongside astronomy, geometry and mathematics as one of 
the four core disciplines [2-3].

Music is not symbols scratched on a sheet of manu-
script; nor is it the manipulation of a musical instrument 
by a skilled performer. Music is the disturbance of air be-
tween the musical instrument and the listener’s ear that 
occurs during a performance [4]. We know from physics 
that the vibrations of these air particles produce sound 
waves that our ears and brains can interpret as exquisite 
melodies and harmonies. An additional connection be-
tween the two disciplines is that musical instruments are 
physical devices governed by the same physical laws that 
limit all other mechanisms. In addition, composers use 
atmospheric phenomena of rhythm and pitch, which are 
as physical in character as magnetism, gravitation and en-
ergy. 

“I am a B.Science/B. Arts dual 
degree student majoring in physics 
and music composition, so what 
better way to fully express myself 
than to combine my two passions 
into one project.”

When starting to compare a new piece, it is important 
to decide the type of musical composition that you intend 
to create and, in this case, I wanted to focus on broaden-
ing the scope of my musical knowledge. Just as actors do 

not simply study acting alone, but are educated in a wide 
range of performing arts, it is important for a musicians 
to study auxiliary subjects too; the most pertinent be-
ing dance. In the past, renowned composers wrote entire 
collections of music based on dance, often referred to as 
suites [5]. The combination of music and dance creates an 
emotional quotient, with two art forms complementing 
each other to produce a unique arrangement of art and en-
tertainment [6]. The function of the music is to construct 
a mood and emotions, setting the stage for the story of the 
dance. Therefore, in order to compose music for dance, a 
story needs to be established.

Figure 1: Three dancers symbolising three music boxes. 
Artwork courtesy of Mitchell McIntyre.

My quest for a theme to base the contemporary dance 
on was centred on science, in particular physics. I am a B. 
Science/B. Arts dual degree student majoring in physics 
and music composition, so what better way to fully ex-
press myself than to combine my two passions into one 
project. For me, the main attraction of physics and its 
laws is the way in which they explain the world around us 
through elegant equations. While examining the two ar-
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tistic disciplines of music and dance the physical elements 
are unavoidable. They present themselves in various forms 
such as torque, angular momentum, force, frequency and 
pitch, to name a few. Carla Scaletti, composer of the mu-
sic for “Quantum” ballet, commented that “there are some 
basic patterns in the universe, and music has the ability to 
express the beauty of those patterns” [7]. 

One of the main problems that I encountered when 
searching for physics material to transform into a con-
temporary dance was the need to fully convey the physi-
cal meaning through my compositions. I wished for the 
audience to leave with an enhanced understanding of the 
splendour contained in physics, which meant that it was 
necessary for the music, dance and science to flow seam-
lessly and comprehensively together. This initially re-
stricted my enquiry to the laws and principles that could 
be understood and appreciated by all. I further refined 
my exploration by looking closer at the type of connec-
tion I wanted between science and art forms. The music 
and dance should not have to work to explain the physics; 
instead they should be an extension of the laws and the 
connection must appear effortless. This led me to closely 
consider the essence of dance – movement, leaps, turns 
and lifts.  After reflecting on these key points, I contem-
plated one of the very first sets of physical principles I ever 
learnt – Newton’s laws of motion.

They were perfectly suited to my purposes as they were 
common knowledge and directly related to dance and 
music. Importantly, I could clearly see how the two artis-
tic disciplines could combine together to convey a power-
ful story to the audience and broaden their appreciation 
for physics. I knew then that I had found the impeccable 
“physics storyline” on which to base my contemporary 
dance. 

“...Newton’s laws of motion. 
They were perfectly suited to my 
purposes as they were common 
knowledge and directly related to 
dance and music” 

Music composed specifically for dance differs greatly 
from the other types of compositions; the most distin-
guishing factor being that the music should never over-
power or subtract from the choreography.  In all my pre-

vious works, the music has been at the centre. However, 
this time I needed to think of it as a “soundtrack”, which 
supports the dancer. Musical elements and dance move-
ments are co-dependent and closely related. In order for 
the music to fully complement the dance, the mood, style, 
length and phrasing of the piece is very important. How-
ever, three specific elements that proved critical when 
composing music for my dance suite were rhythm, melody 
and tempo. 

One of the first features that people notice when lis-
tening to music is the tempo, especially while dancing, as 
it indicates the speed of their actions and influences the 
type of movements they use. While the tempo guides the 
type of movements, the rhythm establishes the dancers 
beat, or more specifically, a particular form of gathering 
the beat that gives name to a type of dance (for example, a 
waltz or a march). The final and most important musical 
element that I took into consideration while composing 
the dance suite was the melody. The musical melody as-
sisted in guiding the dancer through the story by indicat-
ing the amount of emotional expression they needed to 
place into their movements. 

Figure 2: Flight and Gravity. Artwork courtesy of Mitchell 
McIntyre.
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The opening of the contemporary dance suite “New-
ton’s Laws” is a piece entitled “Prologue”. As the name 
suggests, this composition sets the stage and introduces 
the dancers to the audience. The instrumentation includes 
three glockenspiels, which represent three virtual “music 
boxes”. There are three laws of motion so it seemed ap-
propriate to continue the symmetry and have the dancers 
from each law separated into three music boxes (See Fig-
ure 1). Commencing and remaining in the same dynamic 
range “Prologue” lacks dynamical alteration in an effort 
to accurately depict a music box; lack of ability to change 
volume being one of their characteristics. The only physi-
cal aspect that alters in the music box is the speed. They are 
windup mechanical contraptions and the music deceler-
ates with the depletion of energy stored in the spring. To 
replicate this effect, the tempo slows down in the last two 
bars of the piece, signifying the end of the “Prologue”. 

The next three compositions are artistic depictions of 
Newton’s laws, with each song corresponding to the indi-
vidual law. All three pieces composed based on Newton’s 
laws of motion were written for violin, piano and spoken 
voice.  The spoken voice element enables the audience 
to follow the story of the dance while remaining unob-
trusive. I felt more explanation than just the titles of the 
pieces was necessary to fully convey the deeper meaning of 
the laws to the audience. Therefore, I have revised physical 
manifestations and practical applications of each one of 
Newton’s laws and selected important key words, which 
I believe resonate with and reflect the essence of the laws. 
These words gave me the ability to illuminate each phase 
of the dancers’ movements while enabling the audience to 
dive underneath the scientific calculations to discover the 
marvel below and clearly visualise the correlation between 
the science and the art form (See Figure 2). 

In order to round out the dance suite an “Epilogue”, 
encompassing themes from the previous four dances’, acts 
as a conclusion. This composition begins with the glock-
enspiel “music box” theme from the “Prologue” to indi-
cate that the contemporary dance suite has come full cir-
cle. Notable melodies were selected from the three Laws 

pieces, which were played in a countdown style from the 
third law, to the second to the first. 

Rayleigh commented, “The ear is able to recognise ad-
ditions and subtractions of densities far less than those of 
our highest vacua” [8]. It is these infinitesimal density ad-
justments that the ear recognises as music. The ultimate 
aim of the dance suite “Newton’s Laws” is to aid, in some 
small part, in bridging the divide in peoples’ minds be-
tween art and science.

Video clips of sound files for the entire “Newton’s 
Laws” contemporary dance suite can be viewed at www.
sarahmcintyremusic.com.au.
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SAMPLINGS
Is D-Wave’s quantum computer actually a 
quantum computer?
A team of quantum-computing experts in the US and 
Switzerland has published a paper in Science that casts 
doubt over the ability of the D-Wave Two quantum pro-
cessor to perform certain computational tasks. The paper 
concludes that the processor – built by the controversial 
Canadian firm D-Wave Systems – offers no advantage 
over a conventional computer when it is used to solve a 
benchmark computing problem. 

D-Wave System’s 512-quibit processor 

While the researchers say that their results do not rule 
out the possibility that the processor can outperform con-
ventional computers when solving other classes of prob-
lems, their work does suggest that evaluating the perfor-
mance of a quantum computer could be a much trickier 
task than previously thought. D-Wave has responded by 
saying that the wrong benchmark problem was used to 
evaluate its processor, while the US–Swiss team now in-
tends to do more experiments using different benchmarks. 

D-Wave Two is the second generation of quantum 
processors sold by D-Wave Systems and one of the devices 
is owned by NASA, Google and the Universities Space 
Research Association. The company has also sold a system 
– claimed to be the world’s first commercially available 
quantum computer – to Lockheed Martin. The tests on 
D-Wave Two were carried out by Matthias Troyer and col-
leagues at ETH Zurich, the University of Southern Cali-
fornia (USC), the University of California Santa Barbara, 
Google and Microsoft. 

Containing 512 quantum bits (qubits), the D-Wave 
Two processor was designed specifically to perform a pro-
cess called “quantum annealing”, which is a technique for 
finding the global minimum of a complicated mathemati-
cal function. Unlike “conventional” quantum computers 
– which are kept in a fragile quantum state throughout the 
calculation – quantum annealing involves making a tran-

sition from a quantum to classical system. As a result, D-
Wave’s approach might be more immune to noise, which 
can destroy conventional quantum calculations. However, 
a quantum annealing processor is not a universal com-
puter like a PC and cannot be programmed to perform a 
range of tasks. 

Troyer’s team tested the processor by using it to solve 
a particularly difficult task from condensed-matter phys-
ics involving “Ising spin glasses”. A spin glass is a magnetic 
material in which the individual magnetic moments – or 
spins – interact with each other and are also located ran-
domly throughout the material. This is unlike conven-
tional models of magnetic materials, in which the spins 
are arranged on a regular lattice and tend to all point in 
specific directions. Instead, the spin glass has an extremely 
complicated spin configuration that is fiendishly difficult 
to calculate for large numbers of spins. “Ising spin-glass 
problems are the ‘native’ problem that the [D-Wave Two] 
is designed for,” Troyer explained. 

To evaluate the performance of D-Wave Two, the 
team measured how long it took the processor to solve 
an Ising spin-glass problem and compared this with the 
time it takes with a conventional, classical computer. This 
ratio, known as the “quantum speed-up”, is expected to be 
around one for small problems – meaning classical devices 
can do the job just as well – but it should grow in size as 
the problem becomes larger. In its test, the team carried 
out lots of quantum and classical simulations on different 
spin glasses, in which the number of spins and the interac-
tion strengths were varied systematically. 

The results, however, reveal no clear evidence of speed-
up. While the D-Wave Two processor was sometimes 10 
times faster than the classical computer, it was also some-
times more than 100 times slower. Troyer and colleagues 
put forth several possible explanations for why speed-up 
was not seen. One is that although D-Wave Two functions 
as a quantum processor, quantum annealing offers no ad-
vantage over classical methods. Another possibility is that 
noise or other operational problems mean that the device 
is not operating as a quantum processor. 
[T.F. Rønnow et al., Science,  doi: 10.1126/sci-
ence.1252319]
Extracted with permission from an item by Hamish John-
ston at physicsworld.com

Functional MRI tracks neurotransmitters
Researchers in the US have for the first time used MRI to 
follow the dynamics of neurotransmitters with molecular 
precision. They have demonstrated the technique on do-
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pamine, a neurotransmitter that represents processes of 
reward and motivation in the brain.

Neurotransmitters are the chemicals released at the 
end of nerve fibres to communicate signals to other nerve 
fibres in the vicinity. An understanding of their dynam-
ics is important for a more general understanding of brain 
function, yet they are hard to study. In the past, scientists 
have resorted to PET, an imaging technique that relies on 
a radioactive tracer being inserted into the body so that its 
path can be monitored by emitted gamma rays. But PET 
can only supply images that are spatially accurate to within 
a few millimetres and temporally accurate to within a few 
minutes. 

fMRI eye: neurotransmitters dynamics

Functional MRI (fMRI) could be more precise. As 
in standard MRI, fMRI involves the use of a fixed mag-
netic field to align the spins of protons inside the water 
molecules of tissue. After radio waves have deflected these 
spins, their relaxation back to alignment is timed with a 
radio receiver coil, and this time reveals the tissue’s com-
position. The difference with fMRI is that paramagnetic 
molecules known as “contrast agents” interact with some 
of the water molecules, thereby changing their brightness 
in scans. Haemoglobin in blood is a natural example: on 
its own, it acts as a contrast agent, but when it is bound 
to oxygen, its effect is diminished. In this way, scientists 
can use fMRI to study the circulation of oxygenated and 
deoxygenated blood. 

Now, medical engineer Alan Jasanoff and colleagues at 
the Massachusetts Institute of Technology (MIT) in the 
US have experimented with another contrast agent – the 
paramagnetic haem protein BM3h. Instead of turning off 
when bound to oxygen, BM3h turns off when bound to 
dopamine, and can therefore be used with fMRI to sense 
the progression of the neurotransmitter between nerve fi-
bres. The team claims that this form of imaging is an order 
of magnitude more accurate than PET. 

The MIT group tested its technique on live rats by 

injecting BM3h into a region of the brain known as the 
ventral striatum, which emits dopamine, and electrically 
stimulating the medial forebrain bundle (a part of the 
reward system). Each dopamine stimulation lasted 16 s 
and the researchers took an MR image every 8 s, allowing 
them to track how dopamine levels changed as the neuro-
transmitter was released from cells and then disappeared. 

Jasanoff and colleagues also believe that the technique 
could help in studies of Parkinson’s disease, which is 
caused through death of dopamine-generating cells
[T. Lee et al., Science 344 (2 May 2014) 533-535 doi: 
10.1126/science.1249380]
Extracted with permission from an item by Jon Cart-
wright at physicsworld.com

Germany set to pull out of SKA
The head of the €2bn Square Kilometre Array (SKA) is 
confident that the project will go ahead, despite Germany 
saying that it will pull out of the project in 12 months’ 
time. In a press conference held in Sicily in June, where 
more than 250 radio astronomers gathered to discuss the 
project, SKA director-general Philip Diamond reiterated 
that the withdrawal would not have a “long-term effect” 
on what will be the world’s largest radio telescope when 
built in 2023 in Australia and southern Africa. 

Germany’s decision to withdraw was announced fol-
lowing a letter sent by Georg Schütte, the state secretary 
of the Germany’s federal science ministry (BMBF), to 
SKA director-general Philip Diamond. The letter in-
formed SKA officials that Germany’s membership would 
end on 30 June 2015 – only two years after it first joined 
the organization. The BMBF took the decision because 
it is apparently under financial pressure as it has to find 
money for two large German-based projects – the X-ray 
Free Electron Laser in Hamburg and the Facility for Anti-
Proton Research in Darmstadt. 

An artist’s impression of the SKA at night

“We’re obviously disappointed by Germany’s deci-
sion,” Diamond told Physics World. Although he says 
that the withdrawal will not have a major impact on the 
project “in the near future”, Germany’s decision has caused 
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some concern among researchers. Germany had been ex-
pected to contribute towards the SKA’s construction and 
had already spent around €1m on a membership fee and 
contributed around €2.8m towards the €140m cost of 
the SKA’s design. Moreover, the move to pull out was ap-
parently taken without consultation with the astronomy 
community. “This has come completely out of the blue,” 
says Michael Kramer, director of the Max Planck Institute 
for Radio Astronomy in Bonn. “It will have a catastrophic 
impact on German astronomy.” 

Germany is currently the 10th full member of the SKA 
Organisation, which includes researchers from Australia, 
Canada, China, Italy and South Africa working together 
to build a giant facility in the form of more than 3000 an-
tennae with a total collecting area of one million square 
metres spread across Australia and southern Africa. The 
main site in South Africa is in the Karoo semi-desert re-
gion more than 500 km north-east of Cape Town, while 
most of the Australia antennae will be in the Murchison 
region, more than 300 km from the nearest town, Gerald-
ton, on the country’s west coast. 

Construction of the first phase of the project is sched-
uled to begin in 2018. It will see an array of 254 dishes 
built in South Africa covering the bulk of the high- and 
mid-frequencies of the radio spectrum, while Australia 
will host the low-frequency section of the array with 96 
dishes accompanied by approximately 250,000 individual 
dipole antennas. Astronomers will use the telescope to 
probe the early universe by looking as far back into time 
as the first 100 million years after the Big Bang. It will also 
search for life and planets, as well as study the nature of 
dark energy. 
Extracted with permission from an item by James Dacey 
at physicsworld.com.

Tiny gold bars focus light into grapheme
A simple way of creating and controlling surface plasmon 
polaritons (SPPs) in graphene has been demonstrated by 
researchers in Spain and Argentina. SPPs are quasiparti-
cles that are a hybrid of light and electrons, and the new 
technique involves using simple gold antennas to channel 
light energy into the material. The research could lead to 
the development of new electronic devices that use light. 

SPPs are quasiparticles that are combined oscillations 
of photons and mobile charge carriers, such as electrons. 
Although they can be excited in metals, they propagate 
much further in graphene, so several groups are studying 
the potential of graphene plasmonics as an interface be-
tween optical and electronic circuits and devices. One im-

portant benefit of SPPs is that their wavelengths are much 
shorter than visible light, which means that devices based 
on SPPs can be made much smaller than those based on 
light. However, there is also a downside: the wavelength 
of a plasmon in doped graphene is much shorter than that 
of an incident photon of the same frequency, making the 
SPP’s momentum much larger. For an incident photon to 
excite a plasmon in bare graphene would, therefore, vio-
late Newton’s third law, which requires momentum to be 
conserved. 

Making waves in graphene 

In 2012 researchers in Spain led by Rainer Hillen-
brand at CIC nanoGUNE in Donostia-San Sebastian 
and Frank Koppens at the Institute for Photonic Sciences 
in Barcelona, in parallel with an independent group in the 
US, created and imaged SPPs in graphene using a near-
field optical microscope. They achieved this using near-
field (or evanescent) light, which extends only a very short 
distance from a surface but can carry very high momen-
tum. By bringing the tip of the microscope – which is a 
source of evanescent light – very close to the graphene, the 
researchers could channel much more momentum to the 
graphene than would otherwise have been possible. Using 
the same microscope tip, they also imaged reflected SPPs 
and recorded interference patterns. 

Now the Spanish group has found a simpler, more 
practicable way to excite and control graphene plasmons, 
which could be useful for future engineering applications. 
The researchers covered the graphene with tiny gold an-
tennas (bars about 3 μm long) that absorb photons at a 
particular frequency. This creates an optical dipole in the 
antenna that, in turn, creates evanescent light. As the an-
tenna is in direct contact with the graphene, energy from 
the near field creates SPPs in the graphene. By changing 
the size of the antenna, the frequency of light absorbed 
can be altered. This changes the frequency of the SPPs 
that are produced.
[P. Alonso-González et al., Science 344 (20 June 2014) 
1369-1373 doi: 10.1126/science.1253202]
Extracted with permission from an item by Tim Wogan at 
physicsworld.com.
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REGISTRATION NOW OPEN.
EARLY BIRD DEADLINE IS FRIDAY 29 AUGUST 2014.

The 21st biennial Australian Institute of Physics Congress, The Art of Physics, will be held at the ANU in 

Canberra in the week of December 7-11 in 2014.  The Congress also incorporates the annual meeting 

of the Australian Optical Society as well as meetings of the many technical groups and discipline areas 

associated with the AIP.  The AIP Congress will be preceded by the OSA Renewable Energy and Environ-

ment Congress, which will also be held at the ANU on December 2-5. 

ABSTRACT DEADLINE 18 JULY.  LATE SUBMISSIONS WILL BE CONSIDERED 

We are keeping registration costs 10% lower than the previous Congress, with even more attractive rates for 
students.   Your full registration will include the welcome reception, full day catering and access to a number 
of other exciting activities and events.  Further details can be found on the Congress website.

The Congress will be held over five days with plans for seven concurrent sessions, daily plenaries, poster ses-
sions and a packed and lively social calendar.  The Art of Physics theme was chosen to explore the links be-
tween, and the beauty of physics and art.  We have assembled a stellar cast of plenary speakers, including two 
Nobel Prize winners:

• Prof Steven Chu, co-recipient of the Nobel prize for Physics (1997)

• Prof Paul Corkum, Director of the Attosecond Science Program at NRC and University of Ottawa.

• Prof Steven Cowley, CEO, United Kingdom Atomic Energy Authority

• Dr Lisa Harvey-Smith, project scientist for the Australian SKA Pathfinder (ASKAP)

• Prof Lawrence M. Krauss, Arizona State University & ANU

• Prof Steven Sherwood, Climate Change Research Centre, UNSW

• Prof Anke Rita Kaysser-Pyzalla, Scientific Director HZB and chair of IGAFA

• Professor Lisa Randall,  Theoretical particle physics and cosmology at Harvard University

• Prof Serge Haroche, co-recipient of the Nobel prize for Physics (2012)
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BOOK REVIEWS
The Theory of the 
Quantum World
Proceedings of the 25th Solvay Conference on 
Physics (2011) 
Edited by David Gross, Marc Henneaux and 
Alexander Sevrin 
World Scientific (2013) 
362 pages 
ISBN 9789814518840

Reviewed by Jim F Williams, UWA

This book has something for everyone, from beginner to 
expert, with an interest in understanding quantum aspects 
of the universe. The minds of over 70 of the world’s best 
practicing physicists are displayed in the Solvay style of an 
unusual mixture of Rapporteur Presentations followed by 
shorter Prepared Comments which are balanced by nu-
merous short, and frequently sharp, exchanges. A relaxed 
editing style allows the spontaneity of personalities and 
discussions to survive and for the readers to feel they are 
part of the discussions, invariably probing fundamental 
concepts and always at the leading edge. That presentation 
of Solvay Proceedings is unique and wonderful. Numer-
ous references provide pathways for further reading. It is, 
arguably, the most influential and broadest outcome from 
at least the last 5 of the 25 Solvay Physics Conferences 
with guidance from over a century of quantum mechan-
ics.

To capture the background, the breadth and the depth, 
as well as the significance, of the book this Review whets 
the appetite by indicating the Titles of Sessions and by 
“name dropping”. The casual physicist may enjoy the occa-
sional gentle introduction and development to the leading 
edge, for example, of the new quantum states of matter. 
The practicing expert will enjoy the theoretical ideas and 
speculations about string theory, quantum gravity and 
quantum cosmology. My Review concludes by indicating 
challenging questions for the enquiring mind.  

The first session on the History and Reflections, 
“From Solvay 1961 to Solvay 2011”, by Murray Gell-
Mann,  alone justifies more than the price of the book!  
He concludes, ’Will human observers react to quantum 
superpositions in the same way that innate counters do?

Then the Foundations of Quantum Mechanics, 
with A. Aspect in the Chair, opened with Rapporteurs  A. 
Leggett, “The Structure of a World Described by Quan-
tum Mechanics” and J. Preskill “Quantum Entanglement 
and Quantum Computing, Topological Computing”. A 
Nobel symphony of Prepared Comments from A. Aspect, 
G. ‘t Hooft, W. Phillips and D. Wineland was echoed 
by Zeilinger with “Experiments on the Foundations of 

Quantum Physics and on Quantum Information”. The 70 
pages reporting the subsequent discussions will keep the 
readers thinking of the consequences until the next Solvay 
meeting.

The third session addressed the Control of Quan-
tum Systems with Zoller in the Chair and Rapporteurs I. 
Cirac, “Quantum computing and simulation with atoms 
and photons”; S. Girvan, “Quantum machines: Coherent 
control of Mesoscopic solid state systems”; and W. Ketter-
le: “From Strongly Interacting Atomic Systems to Opti-
cal Lattices.”  The presentations described how atoms can 
be held in electric, magnetic and optical traps and cooled 
down to the lowest attainable temperatures. The ways of 
controlling their motion and internal electronic and spin 
states via external fields, as in Feshbach resonances, was 
shown to attract or repel individual atoms. The fascina-
tion extended to the coherent control of many thousands 
of atoms and Michael Berry commented on the link of 
classical and quantum phases. Discussion built on the 
paradigm for describing phases of matter from the Landau 
-Ginzburg-Wilson theory, with the central concepts of an 
order parameter and the underlying symmetry to describe 
and distinguish various phases of matter. 

The Quantum Condensed Matter Session was 
chaired by Halperin with Rapporteur S. Sachdev discuss-
ing “The phases of quantum matter with varieties of many-
particle quantum entanglement” by classifying them as 
gapped, conformal, or compressible quantum matter.  L. 
Balents presented “Recent Developments in Topological 
Aspects of Electronic States”, and X. G. Wen talked about 
“Topological Order: a New Order beyond Symmetry 
Breaking”.  Discussion concerned the topological com-
ponent of the band theory of solids and how electronic 
structures of systems within a given symmetry class can be 
distinguished by the topology of the bands. This reviewer 
found this session provides the most informative direction 
for developing experiments.  The discussion of electron 
correlations, quantum magnetism and high temperature 
superconductivity indicated why those phenomena are 
among the most challenging at present. 

The fourth and fifth sessions engaged the remainder 
of the participants with more specialized and theoretical 
challenges. Academics specialists may enjoy the abstract 
thoughts while others are tempted with the occasional 
generalities of the fields and the links with observations, 
for example of temperature fluctuations in the cosmologi-
cal microwave background..  Intertwined with the pres-
entations are glimpses, for example, of cosmological sin-
gularities, origin of the big bang and graviton scattering at 
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Planck energies which capture the imagination.
Particles and Fields was chaired by H. Georgi with 

Rapporteur F. Wilczek  presenting “A Long View of Par-
ticle Physics, i.e. a survey of the status and prospects of 
particle physics”.  The need for different kinds of experi-
ments led to the progress of atomic physics and new sen-
sitive searches from elementary electric dipole moments 
to qualitatively new sources of “T-violation”.  Weakly 
coupled light particles (“fifth forces”) were pursued vigor-
ously with thoughts of extension to the monopole-dipole 
case and finally the importance of the search for nucleon 
instability, together with small neutrino masses as the sec-
ond classic signature of unification. G. Giudice contrib-
uted, “What have we Learned from Higgs Searches at the 
LHC?” 

The Quantum Gravity and String Theory session 
was chaired by Polchinski: with J Maldacena, reporting 
on “The Quantum Spacetime” with the theory of gen-
eral relativity exploring spacetime as a dynamical object 
propagating “vibrations”, or gravity waves, black holes and 
the expanding universe.  A Rapporteur talk by A. Guth  
“Quantum Fluctuations in Cosmology and How they 
Lead to a Multiverse”and E. Verlinde: Quantum Grav-
ity and String Theory”, discussed empirically-related dark 
matter, dark energy, and ordinary matter.

The final (seventh) Session of General Discussions 
and Conclusions was chaired by D. Gross who brought 
together novel and controversial aspects of quantum 
physics in a way that enabled them to be relevant even af-
ter experiment and theory have shown the ways forward.  
After taking some weeks, albeit dispersed with normal du-
ties, and then starting to read the fifth Session report, this 
reviewer skipped to the final chapter, to be convinced to 
read the last two chapters! Recommended.

In conclusion, each Session is engaging, well written 
to expose ideas, reasons and interpretations of why we be-
lieve and what we may think about as members of the AIP, 
and beyond.  The Solvay Book brings new life to quantum 
aspects of our world. Its excitement, depth and breadth  is 
left now with you, as potential readers, with some intrigu-
ing questions for which at least partial answers, and much 
discussion, may be found in the book and in the hundreds 
of references for each Session.   

Questions for the coffee breaks and beyond.
1.  Why does quantum mechanics “work” over dimensions 

from the edge of the 1025 m  galactic scale down to the 
10-22 m nuclear size and possibly down to the 10-33 m 
Planck scale of quantum gravity?

2.  Why do some of the extremely high tests of precision 

rest on quantum features of nature such the existence 
of narrow states of matter and the identity of indistin-
guishable particles?

3.  What are the observables of the possible quantum 
phases of matter now labeled not by symmetry but by 
topology?

4.  Why does the entanglement of more than two qubits, 
the Greenberger-Horne-Zeilinger states, enforce the re-
jection of early ideas of local realism and why are they 
becoming so important in quantum computation?

5.  How can we control complex quantum systems? How 
might quantum computers change the world?

6.  Will topological quantum computing with “nonabe-
lian anyons” or fault-tolerance based on standard qubits 
and quantum error-correcting codes present the more 
promising path toward scalable quantum computing?

7.  How has technological progress enabled the use of Hil-
bert spaces of dimensions up to the order of 100 and 
opened new experimental possibilities in quantum in-
formation?

8.  What are the observables of quantum gravity?
9.  What type of quantum machine will create new tech-

nologies for the 21st century?
The Solvay cake and its icing enhance the quantum appe-
tite.

From Dust to Life – The Origin and Evolution 
of Our Solar System
by John Chambers and Jacqueline Mitton 
Princeton University Press (2013) 
320 pages 
ISBN 9780691145228

Reviewed by Dr Joanne Harrison, Defence 
Science & Technology Organisation 
Edinburgh, SA 5111

The goal of the book, as stated in 
the preface is “to tell the story of 

how the solar system began, as scientists see it, and to de-
scribe some key events in its history”. 

The first chapter is essentially a catalogue of what is in 
our solar system. The next three chapters deal with dis-
tances, sizes, and timings. Notable amongst this is a look 
at the evolution of ideas on the age of the Earth, and how 
to determine it – a question worthy enough to draw the 
attentions of Darwin, Helmholtz, and Kelvin, amongst 
others. The remainder of the book is divided into chapters 
on meteorites, the Milky Way, star and planet formation, 
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the planets (with separate chapters on the rocky ones and 
the gas giants), the Moon, Earth, asteroids, and comets. 

This book has a bit too much breadth and not enough 
depth for my liking. I understand that you can’t possibly 
cover this many topics in great detail in a single 300-odd 
page book, but there were just too many times when I 
found myself thinking “they could have said at least a bit 
more about that”. It didn’t help that the writing style is 
quite dry and downright irritating in some respects. For 
instance, every time a distance in kilometres appears in the 
text, a parenthetical conversion to miles appears with it. 
This is not just limited to absolute numbers either - fuzzy 
numbers get the same treatment, e.g. “a few kilometres (a 
few miles)”, or “millions of kilometres (millions of miles)”.  
This wouldn’t be a problem if it only happened a hand-
ful of times, but references to kilometres appear on almost 
every page (as you would expect, given the subject mat-
ter). In fact, on page 87 you will find the phrase “several 
kilometres (a few miles)” and the phrase “a few kilometres 
(a few miles)” separated by precisely eleven lines. On the 
other side of the coin, the authors seem to assume that the 
reader will have perfect recall of any name or fact related 
to a celestial object - no matter how fleeting or how far 
back in the text the initial reference. 

On a positive note, I can’t help but appreciate a book 
that has me contemplating the staggering distances, the 
mind-boggling timescales, and the vanishingly small 
probabilities that are inescapable in any discourse on the 
origins of the solar system. Also the book includes some 
very cool images (my favourite was a photo of an asteroid 
being orbited by its own little moon). On a whole, I would 
characterise this book as a decent “google starter”. That is, 
it says an unsatisfying amount about a great deal of inter-
esting-sounding things that you might want to google for 
later.

A BOOK THAT SHOULD 
BE REVIEWED?

The book review editor welcomes the co-
operation of readers in identifying  suitable 

new books for review from time to time.

Contact the editor: 
aip_editor@aip.org.au

How you can help 
Australian Physics

AN IDEA FOR AN ARTICLE?
It could be about your area of physics, an 

unusual career for a physicist, an Australian 
company that grew out of physics research, 

physics education, …. i.e. anything that 
might let the physics community know about 

physics-related activities in Australia.

If you have an idea contact the editor: 
aip_editor@aip.org.au

7-11 December, 
Australian National University, 

Canberra
See details on page 128

AIP Congress

Book Reviews 
Editor

Expressions of interest are 
sought for the role of Book 

Reviews Editor.

If interested contact the editor: 
aip_editor@aip.org.au
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PRODUCT NEWS

COHERENT SCIENTIFIC
IsoPlane 160 Spectrograph – Spectroscopy 
Redefined

The new Isoplane 160 from Princeton Instruments is a 
compact imaging spectrograph that outperforms all oth-
ers in its class.
The IsoPlane 160 brings Princeton Instruments’ award-
winning IsoPlane SCT-320 to a new smaller platform. It is 
the first compact spectrometer that provides outstanding 
imaging, high spectral resolution and excellent light-gath-
ering power from the vacuum UV to the mid-IR without 
compromises.
Key features include:
•  High resolution across the entire focal plane
•  Multiple channels clearly resolved with no crosstalk
•  High spectral and spatial resolution across the entire fo-

cal plane
•  Triple grating turret provides complete flexibility in 

spectral coverage, resolution and wavelength range
•  Outstanding light gathering power with f/3.5 aperture
•  Fine adjustment ensures perfect camera focus
•  Resolves dozens of separate spectral channels for multi-

fibre spectroscopy
•  Outstanding imaging at zero order for microscopy – no 

need for a witness camera !
Applications for the Isoplane 160 include biomedical 
imaging, Raman scattering, Fourier-domain spectros-
copy, fluorescence and photoluminescence, LIBS, multi-
channel spectroscopy and microspectroscopy. Read more 
online www.princetoninstruments.com/products/spec/
isoplane/default.aspx or contact Coherent Scientific.

FastScan Atomic Force Microscope – 
Uncompromised Speed and Resolution
Developed from decades of experience in AFM, the Bruk-
er Dimension FastScan Atomic Force Microscope is the 
only AFM platform fully optimised for high through-
put, multi-sample automated AFM with imaging speeds 
>100x regular AFM and high resolution imaging without 

compromise.
Combining several patented Bruker technologies the 
FastScan provides: 
•  Imaging speeds >100x regular AFM, “see” dynamic pro-

cesses unfold 
•  Direct tip-to-sample force control at pN forces with 

PeakForce Tapping 
•  Direct imaging of meaningful nanomechanical proper-

ties with PeakForce QNM
•  Direct imaging of quantitative nanoelectrical properties 

combined with nanomechanical properties with Peak-
Force TUNA and PeakForce KPFM

•  Routine atomic defect resolution imaging for monitor-
ing crystal structure change or molecular self-assembly 
in real time

•  Atomic PeakForce Capture to analyse interaction events 
at every pixel

•  Large-sample/multi-sample capability with high speed 
automation and hand’s free operation for high produc-
tivity imaging 

•  Heating, cooling, inert gas and liquid environment op-
tions

•  Capability to be integrated into a 1ppm glovebox with 
full spec for oxygen sensitive samples such as polymer 
electronics or Li battery applications

With the Dimension FastScan you can for the first time 
reveal the origin and evolution of processes at the na-
noscale with unprecedented ease, resolution and speed. 

Acousto-optic devices from Gooch and 
Housego

Gooch and Housego has appointed Coherent Scien-
tific as its distributor for Australia and New Zealand.

G&H designs and manufactures a wide range of pho-
tonic components and assemblies based on acousto-optic, 
electro-optic and fibre-optic technologies. Their acousto-
optic product range includes the following devices:
Modulators
An AO modulator is a device that modulates and controls 
the intensity of an optical beam. For highest speeds the 
laser beam is focused to a narrow waist as it passes through 
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the modulator, allowing switching speeds on the order of 
10 ns.  AO modulators are available for wavelengths rang-
ing from 244 nm in the UV to 1600 nm in the infrared.
Frequency shifters
An AO frequency shifter is a device that modifies the 
frequency of the optical beam via its interaction with 
the travelling acoustic wave. The optical frequency of the 
beam may thus be increased or decreased by an amount 
equal to the RF carrier frequency which is typically of the 
order of tens or hundreds of MHz.  
Tunable filters
An AO tunable filter is am optical bandpass filter which 
exploits the acousto-optic interaction inside an anisotrop-
ic medium. The filter allows the user to select and transmit 
a single wavelength, or in some cases a selection of mul-
tiple discrete wavelengths from the incoming light. The 
centre of the pass-band may be selected simply by tuning 
the drive frequency. Devices are available from 351 nm in 
the UV to 3000 nm in the mid-IR

These AO devices thus allow the user to perform a va-
riety of useful functions in applications as diverse as mi-
croscopy, hyperspectral imaging, interferometry and atom 
cooling. Related products include RF drivers, Q-switches 
and Pockels cells. 

For further information please visit the Gooch and 
Housego website or contact Coherent Scientific at sales@
coherent.com.au

Coherent Scientific 
116 Sir Donald Bradman Drive,Hilton SA 5033 
Ph: (08) 8150 5200      Fax: (08) 8352 2020 
www.coherent.com.

LASTEK
New 560 nm Picosecond Pulsed Diode Laser 
PicoQuant GmbH has announced the release of the long-
awaited 560 nm picosecond pulsed diode laser head! 
The 560 nm laser is ideal for exciting fluorescent proteins 
like mCherry, RFP, or DsRed, and fluorescent dyes such 

as CY3 or Atto565. Its laser head supports picosecond 
pulsed as well as continuous-wave operation. All laser 
heads come with collimator optics that can optionally be 
fitted with optical fibres. The 560 nm pulsed laser matches 
the time resolution of mainstream detectors but at a lower 
price than that of commonly used solid state lasers. The 
new 560 nm laser head is compatible with PicoQuants 
family of diode laser drivers “PDL Series”. With the re-
lease of this new model the PicoQuant diode laser fam-
ily “LDH Series” now covers the entire wavelength range 
from 375 nm to 1990 nm.

Technical Data: LDH-D-TA-560
• Centre Wavelength 561 nm ± 3 nm
• Repetition rate from single shot to 80 MHz
•  Pulse width < 80 ps (FWHM) at average power 0.2 mW 

at 40 MHz repetition rate
Average output power in continuous-wave mode: 5 mW
Entirely new applications in bioanalytics, biochemistry, 
genetics, semiconductor characterisation, and quality 
control are expected to be made possible by the use of this 
new wavelength laser.

Altechna’s Ultrafast Watt Pilot 

The Altechna Ultrafast Watt Pilot attenuator incorpo-
rates high performance broadband polarisers, which re-
flects s-polarised incident light while transmitting p-po-
larised light.

A rotating zero-order quartz waveplate is placed in the 
incident polarised beam and the intensity ratio of the s-
pol and p-pol beams can be continuously varied by rotat-
ing the waveplate. This allows control over the intensity of 
your input laser beam over a wide dynamic range without 
affecting other beam parameters. 
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Features
•  Ideal for femtosecond laser pulse control
•  Divides incident beam into two beams of adjustable in-

tensity
•  High optical damage threshold
•  Low dispersion for femtosecond laser pulses
•  Custom options available
Specifications
•  Design wavelength: 800 or 1030 nm
•  Clear aperture: Up to 50 mm
•  Wavelength range: ± 50 nm
•  Also available are Standard Watt Pilot Attenuator for 

everyday applications and enhanced Watt Pilot Attenu-
ator for demanding, high energy applications.

Mad City Labs’ MicroMirror TIRF Microscopy 

The technique of MicroMirror Total Internal Reflec-
tion Fluorescence (TIRF) microscopy is the only proven 
method to study the ordered assembly and function of 
multi-component biomolecular machines. The Mad City 
Labs’ MicroMirror TIRF microscope is a high precision 
instrument that uses a high stability nanopositioning sys-
tem.

The MicroMirror TIRF system uses through-the-
objective excitation with two broadband micro-mirrors 
positioned at the back aperture of the objective lens elimi-
nating the need for dichroic mirrors this leads to superior 
signal-to-noise ratios and simplifies the introduction of 
multiple spectral lines. Each micromirror is mounted to a 
six axis precision mount allowing the user to make fine ad-
justments to the optical pathway. The imaging and motion 
control platform is designed to maximize optical pathway 
accessibility and flexibility, while also simplifying the op-
tical alignment. An advantage of this system is the open 
access to the entry and exit optical pathways. The motion 
control platform comprises an XY micropositioning plat-
form with an integrated XYZ closed loop nanoposition-
ing system. The XYZ closed loop nanopositioning uses 
proprietary PicoQ®sensors for sub-nanometer precision 
and high stability.

The MicroMirror TIRF system technology enables 
the advanced study of complex biomolecular interactions. 
It is a proven design and that offers a simple yet flexible 
instrument platform for single molecule research.

For more information please contact Lastek at sales@
lastek.com.au

Lastek Pty Ld 
10 Reid St, Thebarton, SA 5031 
Toll Free: Australia 1800 882 215 ; NZ 0800 441 005 
T: +61 8 8443 8668 ; F: +61 8 8443 8427 
web: www.lastek.com.au

WARSASH SCIENTIFIC
Cobolt Rumba™: Compact Single Frequency 
Performance at 1064nm

Just announced is the release of a compact, Class 3B model 
of the single frequency Cobolt RumbaTM 1064 nm, avail-
able from Warsash Scientific. It is perfectly suited to ad-
vanced analytical applications requiring stable single fre-
quency operation such as Raman spectroscopy.

The Cobolt Rumba™ 1064 nm is a continuous-wave 
single frequency DPSS laser operating at a fixed wave-
length in a TEM00 beam (M2<1.1). A proprietary laser 
cavity design provides low noise performance of typically 
<0.25% rms (over 20 Hz-20 MHz and over 10-40 °C), a 
narrow spectral linewidth of <1 MHz and immunity to 
optical feedback. 

The laser is available with up to 400mW CW output 
power on the 04-01 Series, offering a more compact foot-
print than the 05-01 Series.

Warsash Scientific Selected as the 
Distributor for Femtonics
Warsash Scientific are pleased to announce that they have 
been selected as the distributors for the Femtonics range of 
Two-photon microscopes, modules and accessories in the 
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Oceania region.
Femtonics focuses on the research and development of 

two-photon laser scanning microscopes for the booming 
area of (neuro)physiological investigations.  Microscopes 
are tuned for the fastest 2D and 3D optical measurements 
and are especially suited for cutting-edge brain research 
and pharmaceutical development.  Futhermore, their 
modular nature ensures that they can be easily adapted to 
suit other applications, including biophysical use.

The EH-2 version’s low-
level light and advanced 
signal detection capa-
bilities are further en-
hanced by a hermetical-
ly-sealed TO-18 
package that enables 
minimal signal losses 
without the risk of en-
dangering detector sta-
bility. Both modules 
offer high quantum ef-
ficiency (77% typical at 

the 830 nm wavelength) and rapid spectral response in the 
400-1000 nm range.

Miniature Linear and Rotary Stages

High positioning resolution and smallest dimensions are the 
key features of the new series of linear and rotary positioning 
systems from PI miCos.

Available from Warsash Scientific, these linear stages 

have a width of only 22 mm, travel ranges of up to 26 mm 
and a resolution to 1nm in closed-loop operation.  The 
LPS-22 is one of the smallest precision linear stages avail-
able on the market.  Small in size, they achieve neverthe-
less velocities of up to 10 mm/s.

The rotary stages of the RPS series, the smallest diam-
eter of the rotating platform being at 14 mm, attain veloci-
ties of up to 45°/s.

These miniature linear and rotary stages are piezo-
motor-based drives.  Thanks to this drive principle, small 
stages sizes with high resolution can be realised, making 
this series perfectly suited for precision positioning in ap-
plications where space is limited and for vacuum environ-
ments to 10-9 hPa.

The linear and rotary stages can be stacked directly to 
XY linear or XYƟZ configurations with rotary stages, no 
adapter is needed for this.

For more information contact Warsash Scientific at 
sales@warsash.com.au 
 
Warsash Scientific 
PO Box 1685, Strawberry Hills NSW 2012 
T: +61 2 9319 0122    F: +61 2 9318 2192 
www.warsash.com.au

Have your say!
Want to write a one-page opinion piece on a 

topic relevant to physics?
It could be humorous, whimsical, a 

reminiscence, an interesting observation, a 
point of view you have always wanted to put 

forward,….
One page, approximately 750 words, is on 
offer for your opinion piece. Inclusion of 

images is encouraged, and one image will 
substitute for 150 words. Send submissions 

for consideration to the editor at 
aip_editor@aip.org.au
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The fastest AFM on the planet
is now simply the best AFM
in the world

Atomic resolution with Peak 
Force Tapping®

PeakForce Capture
Large-sample capabilities: 
any mode, any sample
Air and fluid operation

PeakForce QNM® quantitative 
mechanical property 
measurements
ScanAsyst® ease of use
Complete suite of AFM modes 
& techniques 

Experience the Speed & Resolution
World’s Ultimate AFM

Read more in the Product News section inside


