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EDITORIAL

New windows on the universe
The highlight last year from the Physics 
point of view must surely have been the 
first observation of gravitation waves. 
Although most physicists would 
have been confident in their belief 
of the existence of gravitation waves, 
their detection required such high 
precision instrumentation that their 
eventual unambiguous detection and 
uncontroversial interpretation must 
surely be a triumph for experimental 
physics and large international 
collaborations. I expect to publish an 
article from ANU collaborators on Australian contributions in a later 
issue this year.

Detection of neutrinos once also seemed an impossible task due to 
their very weak interactions. However there are now a number of large 
neutrino detectors either operating or under construction. It is now 
possible to distinguish between neutrinos of astrophysical, solar and 
terrestrial origin (due to cosmic ray interactions with the atmosphere). 
One such instrument is IceCube, an international collaboration that 
operates a large neutrino detector at the South Pole that has made the 
first detection of astrophysical neutrinos, opening yet another window 
on the universe.  In this issue Gary Hill (University of Adelaide), an 
IceCube collaborator, describes the construction and operation of 
IceCube, and interpretation of recent results in his article Exploring 
the high energy Universe with neutrino astronomy at the South Pole.

The many techniques for surface analysis have provided a greatly 
enhanced understanding of surfaces and the various surface 
modification processes that are a significant part of modern materials 
science and technology. In his article, Surface Analysis with Helium, 
Gunther Andersson (Flinders University) describes the unique, but 
not widely known, capabilities of helium atoms as a surface probe 
with emphasis on two techniques: metastable induced electron 
spectroscopy (MIES) and neutral impact collision scattering 
spectroscopy (NICISS).

Unsolicited articles are always welcome. As Australian Physics is not a 
peer-reviewed publication, submission of new work is not appropriate. 
However surveys of areas of physics by an author or authors working 
in that area are very suitable for our physics-literate readership. I also 
encourage articles on physics education topics and physics careers. 
In relation to the latter, articles that convey progress from a physics 
training to a non-conventional career are of particular interest.

Brian James
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PRESIDENT’S COLUMN

Final reflections from the outgoing President
This will be my last President’s 
Column with my term coming to 
an end at the AIP Annual General 
Meeting in early February, and the 
‘presidential baton’ being passed on 
to Andrew Peele. I have thoroughly 
enjoyed my time as President, with 
it being a great privilege to lead the 
AIP and its Executive over the last 
two years, and a great pleasure to 
work with so many dedicated and 
energetic physicists all committed 
to promoting and advancing physics 
and its related disciplines in this 
country. 

As set out in my very first column, 
the key areas that I saw being my 
highest priorities as AIP President 
were to: address the decline in 
AIP membership, modernize and 
update the AIP Constitution, 
strengthen the AIP’s linkages and 
influence in the national science-
policy domain, and raise the AIP’s 
profile and engagement in the Asia-
Pacific region. Reflecting back on 
these goals, I like to think I have 
overseen some significant progress 
towards all of them, but am also 
very conscious of the fact there is 
still much work to be done in each 
of these areas. Furthermore, this has 
to be underpinned by more effort 
and resources being focused on 
communication, networking and 
advocacy. 

On the AIP membership front, 
we have done much to relax 
and broaden the criteria for 
membership, making the AIP 
more inclusive in terms of those 
working at the fringes of physics or 
in related disciplines. Importantly, 
our Associate Member category is 
now much more open to teachers 
and those who have an interest 
rather than a formal qualification 
in physics. The introduction of the 
new free Student Member category 
for undergraduates has also been 
hugely successful, with an uptake of 

over 800 new such members across 
the country. A much-needed on-line 
system for membership applications 
and renewals and the payment of 
fees has also been introduced.  On 
the other hand, the number of fee-
paying members remains static or 
slightly in decline, and it is critical 
we develop and communicate better 
value propositions that will attract 
new members – particularly at the 
early and mid-career level – into 
the AIP. This is something Andrew 
Peele has been working on as 
Vice-President, and will I am sure 
continue to pursue as President. 

Thanks to the efforts of Marc Duldig 
and his special working group, 
the revision and modernisation 
of the AIP Constitution is now 
essentially complete. This includes 
revision of the by-laws to ensure the 
appropriate levels of gender balance 
and recognition and encouragement 
of diversity within the AIP in terms 
of its governance. However, the AIP 
needs to be much more visible in 
its recognition of gender equity and 
diversity issues and the actions it is 
taking to address them (e.g. code of 
conduct for meetings), and this is 
something I very much want to take 
up in my role as Immediate Past 
President.

By far the biggest step made towards 
increasing the AIP’s profile and 
engagement in the Asia-Pacific 
region was to host the very first joint 
Asia-Pacific Physics Conference 
and AIP Congress, which was held 
in Brisbane just a month ago. This 
was a huge success, with just over 
850 attendees, ~250 of whom came 
from countries in the Asia-Pacific 
region. This provided a stage not 
just for physicists from Australia 
and the Asia-Pacific region to 
interact and learn about each other’s 
science, but also for the Association 
of Asia-Pacific Physical Societies, 
of which the AIP is a member, to 

be prominent through holding its 
Council meeting and prestigious S. 
Chandrasehkar and C N Yang award 
ceremonies at the joint Congress. 
From a more local perspective, I was 
struck by what a vibrant and very 
high quality physics community 
we have here in Australia, with so 
much potential for great things 
in the future, given the extremely 
high standard of presentations given 
by our early-career medal winners 
and researchers. In looking to the 
future, we look forward to the 
very first AIP Congress ‘Lite’ to be 
hosted by UNSW in December this 
year, which represents a bold new 
experiment to hold less expensive 
and more accessible meetings in the 
years in between the major biennial 
AIP Congress. 

In conclusion, I must do two things: 
Firstly to announce and congratulate 
the winner of the AIP’s 2016 Boas 
Medal, who is Prof Geraint Lewis 
from The University of Sydney. This 
is for his discovery of an unexpected 
plane of dwarf galaxies orbiting 
larger galaxies in the local universe. 
Secondly, I would like to thank 
the members of the AIP Executive 
who have been such a wonderful 
team to work with during my time 
as President: Andrew Peele, Rob 
Robinson, Joe Hope, Judith Pollard, 
Ian McArthur, Olivia Samardzic, 
and Halina Rubinzstein-Dunlop. 

Warrick Couch
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NEWS & COMMENT
AOS Awards Winners
The Australian Optical Society (AOS) has announced its 
award winners for 2016.

The W.H. (Beattie) Steel Medal has been awarded to 
Professor Tony Klein, Emeritus Professor, School of 
Physics, University of Melbourne for his strong and sus-
tained record of authority and innovation in the field of 
optics in Australia or New Zealand. Tony was a pioneer 
of neutron optics and is internationally recognised and 
highly cited for work on Fresnel diffraction and interfer-
ometry of slow neutrons. Together with Geoff Opat he 
was responsible for the development of optics at Univer-
sity of Melbourne. He is a fellow of the Australian Acad-
emy of Science and Member of the Order of Australia 
(AM) (1999).

Other awards include the 
Geoff Opat Early Career 
Researchers Prize to Dr An-
drea Redondo-Blanco, Uni-
versity of Sydney; the AOS 
Postgraduate Student Prize to 
Mr Dhruv Saxena, Austral-
ian National University; the 
AOS Technical Optics Award 
to Dr Nicolas Riesen, Modu-

lar Photonics, Macquarie University & University of 
Adelaide; and the AOS Warsash Science Communica-
tion Prize in Optics (two awards) to Ms Katie Chong, 
Australian National University and Mr Xiaorui Zheng, 
Swinburne University.

Academy of Science Awards for 2017
The recently announced Academy of Science Awards for 
2017 included the following.

The 2017 Thomas Ranken 
Lyle Medal has been awarded 
to Professor Joss Bland-
Hawthorn FAA (School 
of Physics, University of 
Sydney). Professor Bland-
Hawthorn has excelled 
in both astronomical 
research and cutting-edge 
instrumentation, helping to 

keep Australia at the forefront of optical astronomy over 
the past 25 years. His legacies include establishing two 
astronomical fields – galactic archaeology and near-field 
cosmology (with Professor Kenneth Freeman FAA FRS) 
and astrophotonics, resulting in awards in astronomy, 
optics, and photonics. His innovative contributions 
to astronomical technology and instrumentation have 
been very influential and have been widely adopted in 
experimental astronomy; they have also been applied to 
other fields, such as telecommunication, food safety and 
the farming industry.

The 2017 John Booker Med-
al has been awarded to Pro-
fessor Dayong Jin (School of 
Mathematical and Physical 
Sciences, University of Tech-
nology Sydney). Professor Jin 
is a world leader in engineer-
ing time-resolved photon-
ics devices, and luminescent 
nanoprobes which can up-

convert low-energy infrared photons into more useful 
visible light for high-contrast detection. While his re-
search opens up many opportunities in biomedical de-
vices, early diagnosis, and light triggered nanomedicine, 
his nanodots can also be made into an ‘invisible ink’ to 
protect pharmaceuticals, medical courier supplies, pass-
ports, banknotes and more.

The 2017 Pawsey Medal has 
been awarded to Associate 
Professor Igor Aharonovich 
(School of Mathematical and 
Physical Sciences, Univer-
sity of Technology Sydney). 
Dr Aharonovich is deliver-
ing breakthrough research 
that underpins next genera-
tion light-based technologies 
spanning energy, communi-

cations and quantum information processing. His work 
is original, has motivated wider research and focuses on 
novel single-photon sources, one fundamental building 
block in quantum information science. He has dem-
onstrated new materials with record-setting properties 
which assist the further development of quantum com-
munication systems and their deployment in real world 

Emeritus Prof Tony Klein

Prof Joss Bland-Hawthorn

Prof Dayong Jin

Assoc Prof  
Igor-Aharonovich
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applications. His work contributes to one of the pressing 
issues in the modern era – ensuring that private informa-
tion and sensitive data can be secured through unbreak-
able encryption.

The awards will be presented at the Academy’s annual 
Science at the Shine Dome in Canberra in May.

40 years of operation of Cape Grim
The Cape Grim Baseline Air Pollution Station began 
operation in 1976 as Australia’s response (championed 
by Bill Priestley and Bill Gibbs, the respective senior cli-
mate figureheads at CSIRO and the Bureau of Meteor-
ology) to a United Nations call for governments to work 
together to set up a network of monitoring stations.

The station, now part of the World Meteorological Or-
ganisation’s Global Atmosphere Watch network, was 
sited at Cape Grim to take advantage of the “roaring 
forties” – the prevailing westerly winds that bring clean 
air from over the Southern Ocean to the station. Air that 
arrives at the station from the southwest is classified as 
“baseline” air. Having had no recent contact with land, 
it represents the background atmosphere and is perhaps 
some of the cleanest in the world.

While the focus on this clean air, most of the instru-
ments monitor continuously, regardless of wind direc-
tion, and can detect pollution from Melbourne and oth-
er parts of Tasmania in certain conditions. The station 
measures all major and minor greenhouse gases; ozone-
depleting chemicals; aerosols (including black carbon or 
soot); reactive gases including lower-atmosphere ozone, 
nitrogen oxides and volatile organic compounds; radon 
(an indicator of changes to the land); solar radiation; the 
chemical composition of rainwater; mercury; persistent 
organic pollutants; and finally the weather.

The Cape Grim Air Archive, initiated by CSIRO in 
1978 and soon incorporated into the operations of the 
station, is now the world’s most important and unique 
collection of background atmospheric air samples, un-
derpinning many research papers on global and Austral-
ian emissions of greenhouse and ozone depleting gases.

Cape Grim data are freely available and have been widely 
used in all five international climate change assessments 
(1990-2013), all ten international ozone depletion as-
sessments (1985-2014), in four State of the Climate 

Reports (2010-2016) and in lower-atmosphere ozone 
assessments.

Measurements at Cape Grim have demonstrated the 
impact of human activity on the atmosphere. For 
example, CO₂ has increased from about 330 parts per 
million (ppm) in 1976 to more than 400 ppm today, an 
average increase of 1.9 ppm per year since 1976. Since 
2010 the rate has been 2.3 ppm per year. The isotopic 
ratios of CO₂ measured at Cape Grim have changed in 
a way that is consistent with fossil fuels being the source 
of higher concentrations.

The decrease in the ratio of the carbon-13 isotype (δ13C) 
that accompanies increasing CO2 trends shows that the 
sources are fossil fuel and land-use change.

Data collected from the Cape Grim Station have been 
used in more than 700 research papers on climate change 
and atmospheric pollution. By working with universities 
Cape Grim is a training ground for the next generation 
of climate scientists.

This item is based on an article originally published in 
The Conversation, 15 Nov 2016.

CSIRO Concentrated Solar Thermal Success
Australia’s solar heliostat technology will be used for 
concentrating solar thermal (CST) electricity generation 
in China. CSIRO has partnered with Chinese company 
Thermal Focus, following China’s announcement to 
produce 1.4 GW of CST by 2018, and 5 GW by 2020. 
This would double the world’s installed CST plants. 

The relationship enables Thermal Focus to manufac-
ture, market, sell and install CSIRO’s patented low cost 
heliostats, field control software and design software in 
China, with a shared revenue stream back to Australia to 
fund further climate mitigation research. 
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CSIRO Chief Executive Dr Larry Marshall said he was 
proud of CSIRO Energy’s solar thermal technology 
team and their innovative science for the contribution it 
is making to support Australia’s mitigation R&D.  “Aus-
tralia is a leader in clean energy technology and CSIRO’s 
partnership with China’s Thermal Focus takes our cli-
mate mitigation focus to a global stage,” Dr Marshall 
said.

Solar thermal technology uses a field of computer-
controlled mirrors (heliostats) that accurately reflect 
and concentrate sunlight onto a receiver on top of 
a tower. The concentrated sunlight may then be used 
to heat molten salt, which can store the heat and, in 
turn, generate superheated steam to drive a turbine for 
electricity generation. 

An advantage of this system is the very low cost of stor-
ing thermal energy, giving CST technology great poten-
tial for medium to large-scale solar power, even when 
the sun isn’t shining. CSIRO’s unique design features 
smaller than conventional heliostats, and uses an ad-
vanced control system to get high performance from a 
cost-effective design. 

Royal Society of Victoria Medal
The Royal Society of Victoria has award the 2016 Royal 
Society of Victoria Medal for Excellence in Scientific 
Research, the highest award the Society bestows on 
research-active Victorian scientists, to Professor Lloyd 
Hollenberg, Professor of Physics and Australian Research 
Council Laureate Fellow at the University of Melbourne.

CSIRO concentrated solar technology.

Professor Hollenberg is 
an internationally known 
proponent of quantum 
technology in the wider 
context, having also worked 
on quantum communication 
systems as a Technical 
Director of the Quantum 
Communications Victoria 
initiative (2005-2008), and 

recently on developing quantum applications for 
ultra-sensitive imaging techniques crossing over to 
the nano-bio realm. He is deputy director of the ARC 
Centre of Excellence for Quantum Computation & 
Communication Technology.

Ruby Payne-Scott Medal 2016
The 2016 Ruby Payne-Scott Award for excellence in 
early-career research has been awarded to Dr Marcus 
Doherty (Research School of Physics & Engineering, 
ANU). Marcus completed his Ph.D. and Bachelor de-
grees in Engineering and Science at the University of 
Melbourne. He joined the Australian National Univer-
sity in 2012 as a postdoctoral fellow in the Solid State 
Spectroscopy group of the Laser Physics Centre. He 
has continued in this role and now leads the Diamond 
Quantum Science and Technology research program of 
the Laser Physics Centre.

The award is named after 
one of Australia’s most 
outstanding physicists, 
who is best known for her 
pioneering contributions 
to radio-astronomy in 
Australia during the time 
(1941-1951) she was an 
early career researcher.
 

L’Oréal-UNESCO For Women in Science Award 
UNSW Scientia Professor Michelle Simmons has been 
honoured with a €100,000 international L’Oréal-UNE-
SCO For Women in Science Award for her pioneering 
research in quantum physics.

Prof Lloyd Hollenberg

Dr Marcus Doherty
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Professor Simmons, Director 
of the ARC Centre of Excel-
lence for Quantum Computa-
tion and Communication Tech-
nology, CQC2T, is one of five 
eminent female researchers 
from around the world named 
as 2017 L’Oréal-UNESCO 
laureates in the Physical Sci-
ences. She is the winner for 

the Asia-Pacific region, “for her pioneering contributions 
to quantum and atomic electronics, constructing atomic 
transistors en route to quantum computers”.

The five women, representing Africa and the Arab 
States, Asia-Pacific, Europe, Latin America, and North 
America, will receive their awards and prize money at a 
ceremony to be held in Paris in March next year.

As director of CQC2T, she heads a team of more than 
180 researchers across six Australian universities. Centre 
scientists and engineers are leading the international race 
to build the world’s first quantum computer in silicon, 
and hope to produce a 10-qubit circuit within five years. 
Professor Simmons’ team is the only one in the world 
that can make atomically precise devices in silicon. They 
have produced the world’s first single-atom transistor as 
well as the narrowest conducting wires ever made in sili-
con, just four atoms of phosphorus wide and one atom 
high.

Harrie Massey Medal
The Harrie Massey Medal and Prize for 2016 has been 
awarded to Professor Ray Volkas (School of Physics, 
University of Melbourne) for his seminal contributions 
over approximately 30 years to many areas of “physics 
beyond the standard model”, the field that seeks to un-
cover new particles and forces, in particular his work on 
sterile neutrinos, mirror and asymmetric dark matter 
and the origin of neutrino mass. His work is character-
ized by a high degree of creativity, leading to pioneering 
works that presage subsequent developments.

The prize is awarded every 
two years for contributions 
to physics or its applications 
made by an Australian physi-
cist working anywhere in the 
world, or by a non-Australian 
resident in, and for work car-
ried out in, Australia.

Prof Michelle Simmons

The Massey Medal was established in 1990 as a gift of 
the Institute of Physics, UK, to mark the 25th anniver-
sary of the founding of the AIP as a separate institution 
in 1963. It is named in honour of Sir Harrie Massey, 
who born near Melbourne in 1908. Following gradua-
tion from the University of Melbourne (B.Sc., 1928; BA 
Hons, 1929; M.Sc., 1929), he was awarded a scholar-
ship that allowed him to begin research at the University 
of Cambridge where he completed his PhD in 1932. 
He had a distinguished career in the UK and in 1931, 
with Edward Bullard, published the first experimental 
evidence for electron diffraction in gases.

AIP Education Medal
The AIP Education Medal for 2016 has been awarded 
to Dr Margaret Wegener (School of Mathematics and 
Physics, University of Queensland) for her significant 
contributions across diverse areas of physics education 
in Australia and support to the wider community, as 
demonstrated by service over many years.

The prize is awarded at each AIP Congress to a member 
or members of the AIP who are judged to have made 
the most significant contribution to university physics 
education in Australia.

Dr Margaret Wegener is 
First-Year Teaching Director 
in Physics at the University of 
Queensland with a particular 
interest in the educational 
problems of contextualising 
physics, and the transition 
between school and universi-
ty. She is also interested in the 
interrelationships between 
science and the arts.

Chandrasekhar Prize for Plasma Physics 
The Chandrasekhar Prize, established in 2014, is awarded 
by the Division of Plasma Physics of the Association of 
Asia Pacific Physical Societies (AAPPS) to recognize 
outstanding contributions to experimental and/or 
theoretical research in fundamental plasma physics and 
plasma applications in all fields of physics. 

The prize for 2016 has been awarded to Professor Don 
Melrose (School of Physics, University of Sydney) for 
his sustained original contributions to the theory of 
coherent emission processes in astrophysical and space Prof Ray Volkas

Dr Margaret Wegener
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The Prize is named in honour of Subrahmanyan 
Chandrasekhar (1910-1995), an Indian-American 
astrophysicist who was awarded the 1983 Nobel Prize 
for physics for his theory of black holes. He worked in 
various areas including plasma physics, and is noted for 
his 1975 textbook, Plasma Physics.

2016 Boas Medal
The AIP’s Boas Medal for 2016 has been awarded to 
Geraint Lewis, Professor of Astrophysics and ARC Future 
Fellow at The University of Sydney, for his discovery of 
an unexpected plane of dwarf galaxies orbiting larger 
galaxies in the local universe.

The Boas Medal was 
established in 1984 to 
promote excellence in 
research in Physics and to 
perpetuate the name of 
Walter Boas, who was chief 
of the CSIRO Division of 
Tribophysics; from 1949 
to 1969. The award is for 
physics research carried out 
in the five years prior to the 
date of the award.

plasmas, and for his seminal contributions to the theory 
of quantum plasmas. The Prize was presented at the AP-
PC-AIP Congress in Brisbane in December 2016.

Also at this Congress the Medals for the previous two 
years were presented. The 2015 Medal was presented to 
Professor Predhiman K. Kaw (Institute of Plasma Re-
search, Gandhinagar, India) for his seminal contribu-
tions in the areas of laser-plasma interactions, strongly 
coupled dusty plasmas, and turbulence, nonlinear ef-
fects in magnetic fusion devices.

The 2014 Medal was awarded 
to Professor Emeritus Setsuo 
Ichimaru (University of 
Tokyo) for his contributions 
to the establishment of the 
theoretical basis of the science 
of strongly coupled plasmas 
and their applications, not 
only to laboratory plasmas 
and plasmas in solid- or 
liquid-state materials 

including fusion plasmas, but also to important 
astrophysical plasma phenomena including radiation 
and nuclear reactions. 

Emeritus Prof  
Don Melrose

Prof Geraint Lewis

New President for AAPPS
The Association of Asia Pacific 
Physical Societies (AAPPS) held 
its Council Meeting in association 
with the joint 13th Asia Pacific 
Physics Conference and 22nd 
Australian Institute of Physics 
Congress in Brisbane in December 
2016. This meeting marked 
the end of term for President 
Seunghwan Kim (Department 
of Physics, Pohang University of 
Science and Technology (Postech), 
Pohang, Korea) and the election of 
the next president, Gui-Lu Long 
(Department of Physics, Tsinghua 
University, Beijing, China). The 
term of tenure is three years.

At the AAPPS Council meeting in Brisbane: incoming president  
Prof Gui-Lu Long (left) and ougoing president Prof Seunghwan Kim.
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Branch News
New South Wales

The NSW Branch in conjunction with the Royal 
Society of NSW held its annual Postgraduate Awards 
Day on 15 November 2016 at the School of Physics, 
University of New South Wales.

Each New South Wales university was invited to 
nominate one student to compete for the $500 prize and 
postgraduate medal on that day. We thank The Royal 
Society of NSW for its generous support as sponsor of 
the Jak Kelly Scholarship prize of $500 as a separate 
award category for this event.

This year, the Central Coast Soaring Club awarded an 
additional $150 gift voucher for the Winner of the Jak 
Kelly Scholarship Prize, which included a gliding flight 
experience with an instructor. We thank Boris Jovanovic 
from the Central Coast Soring Club for donating this 
wonderful prize.

Students at the Postgraduate Awards event were asked 
to give a 20-minute presentation on their postgraduate 
research.The presentations were judged on content and 
scientific quality, clarity and presentation skills. 

The 2016 judging panel consisted of: Dr Matthew 
Arnold (Chair, AIP NSW Branch), Professor Iver 
Cairns (University of Sydney) and Dr Erik Aslaksen 
(Councillor, The Royal Society of New South Wales)

The winner of the Australian Institute of Physics 
Postgraduate Presentation for 2016 was James Titchener, 
Australian National University for his presentation How 
can lazy people measure quantum states? 

The winner of the Royal Society of NSW Jak Kelly Award 
for 2016 was Matthew Barr, University of Newcastle.

Dr Erik Aslaksen congratulating Matthew on his award.

In its third year, the Community Outreach to Physics 
Award for 2016 was awarded to Professor Joe Wolfe 
(School of Physics, UNSW). 

Prof Joe Wolfe, 2016 Community Outreach to Physics 
Award Winner.

Professor Wolfe has been active in bringing science to 
school students and the general public via extensive 
websites and radio programs. He strongly believes that 
the best researchers are often the best teachers, and is 
worried by trends that lead academics to specialise in 
research-only or teaching-only careers. Joe made a 
Massive Open On-line Course on mechanics aimed at 
high school students internationally. Disadvantaged and 
remote students use it, but many ‘students’ are actually 
teachers who use it for teaching ideas, revision, and 
exam questions.

The Postgraduate Awards day was followed by a talk 
from our invited speaker Professor Iver Cairns on the
topic Space Weather and Solar Radio Bursts. James Titchener, ANU with his award. 
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The National Committee of 
Physics (NCP) of the Aus-
tralian Academy of Science 
held a town-hall style meet-
ing during the AIP congress 
in Brisbane in December. The 
meeting was very well attend-
ed with about 70 participants 
from Australia and overseas, 
and a lively exchange of views 
took place. 

The audience heard from Professor David Jamison 
about the Physics Decadal Plan, which has been in place 
since 2011 and has helped to make systematic progress 
on several fronts: The importance of physics as part of 
STEM is now more widely recognised. This has led to a 
strengthening of the education programs, in particular 
with national programs such as Inspire Australia, Little 
Scientists for preschool, Primary Connections for prima-
ry schools, Science by Doing for secondary schools and 
accompanying mathematics programs, such as ReSolve: 
Mathematics by Enquiry. There is more recognition of 
the opportunities for young people with a science edu-
cation in a diverse range of professional careers.  At the 
same time, progress is being made in the area of equity 
and gender balance, in particular through the introduc-
tion of the national SAGE initiative that will improve 
our working conditions. 

The Physics Decadal Plan has emphasised the impor-
tance of infrastructure and NCRIS, now addressed with 
consistent funding. More progress is required for fund-
ing international collaborations and large-scale science 
programs in Australia. The discussion turned to the crea-
tion of a more efficient and fair funding system: an ARC 
as the world’s best system, made for Australians. The 
discussion built on a survey of the physics community 
through the HoDs, conducted by the NCP in late 2016. 

It is clear that researchers value the principle of peer re-
view, but that they see major weaknesses in the present 
system, in particular the unnecessary complexity of the 
application process; the low quality of the assessment 

scheme; and complications that arise when most active 
researchers have conflicts of interest. A clear conclusion 
is that we do not attract the best assessors from outside 
Australia and that this needs to change. There is strong 
doubt that the ROPE system is achieving what it was 
set out to do and a better approach is needed to give all 
applicants-not just those with a long distinguished re-
search record-a chance to get funding for the best phys-
ics projects. 

The audience was asked where additional funding should 
be spent. Clear support is for more COEs, DECRAs, 
LIEF infrastructure and funding for more DP grants, 
including more complete funding of grants. Future and 
Laureate Fellowships are a lesser priority and there is 
some doubt about the effectiveness of the Linkage grants 
in achieving the desired transition to industrial research.

Regarding the application process, there is a clear voice 
for a much faster decision cycle, possibly with a frequent 
application deadline. A two-stage process, as practised 
in other countries and in the EU, is favoured, with the 
first stage perhaps double-blind to improve equity. The 
application form should be a simplified document that 
avoids contractual content and focusses on the science, 
and can be accessed easily by assessors. Much of a re-
searcher’s track record is public knowledge and could 
be stored and pre-filled by the ARC, only needing an 
update.

This discussion will now be continued, potentially ex-
panded to other parts of science, and will lead to a sub-
mission to the ARC. In 2017 the NCP will carry out a 
review of the progress of the Decadal Plan and ensure 
that it continues to address the requirements of the phys-
ics community in Australia. This review will be led by 
the new chairperson, Professor Ian McArthur from the 
University of Western Australia. I would like to thank all 
my colleagues and will continue my service for the NCP.  

I am looking forward to a good future for science.

Hans Bachor, Chair NCP 2013-16

Emeritus Prof Hans Bachor

National Committee of Physics - Report
from town-hall meeting at AIP Congress
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Exploring the high energy Universe with 
neutrino astronomy at the South Pole.
Gary C. Hill
Department of Physics, School of Physical Sciences, University of Adelaide, SA 5005, Australia

The IceCube neutrino detector at the South Pole has been fully operational for over five years, and has 
ushered in the era of high-energy neutrino astronomy. Neutrinos are an important astronomical messenger 
particle – they are neutral, so travel in straight lines from their sources, with many of these directions 
reconstructed to fractions of a degree. They have low interaction cross sections, opening up the whole 
Universe to observation – allowing us to observe distant objects, and to see into objects where photons 
might be blocked by dust and gas. Their ability to penetrate through matter means that large detectors are 
needed to measure them – with IceCube being the biggest such detector ever constructed.

The promise of neutrino astronomy 
To understand the high-energy Universe, we need to 
observe messenger particles that carry information 
about the objects and processes that led to their 
creation. Until recently, the high-energy messengers 
have been cosmic and gamma rays, from which we have 
learnt much about the Universe, with the University of 
Adelaide playing a leading role in these fields. Cosmic 
rays include protons and heavier nuclei, some of which 
have been accelerated to energies past 1020 eV – more 
than a million times higher than the beams at the Large 
Hadron Collider. Gamma-rays have been observed at 
energies in the TeV range and beyond. Large detectors 
such as the Pierre Auger Observatory [1] measure the 
air showers that cosmic rays produce when they interact 
in the atmosphere. Very high energy photons are also 
detected from the distant Universe, and Australia (led 
by Adelaide) is now involved in the next-generation 
detector, the Cherenkov Telescope Array. Not all cosmic 
rays will escape from their acceleration site – some will 
interact with gas and photons near the source, and, in 
these interactions, neutrinos and gamma-rays will be 
produced.  

Neutrinos are everywhere in the Universe and exist in 
vast numbers. They are produced via many processes; 
long before the cosmic microwave background radia-
tion was free to travel, the Universe was already full of 
neutrinos, made in the initial seconds of the Big Bang, 
which now permeate the whole Universe. Our Sun, and 
all other stars release neutrinos from the nuclear fusion 
processes therein. The neutrino was first postulated by 
Pauli, seeking to understand the radioactive decay of nu-
clei; the electron and proton released in the decay didn’t 
seem to carry off the expected energy and angular mo-
mentum – something was missing – the neutrino. Pauli 
was said to have lamented “I have done a terrible thing, 
I have invented a particle that cannot be detected,”  

but Reines and Cowan in the 1950s proved this pre-
diction to be wrong with their ingenious method of 
detection – yielding the discovery of the anti-neutrino. 
Of course, a new particle, known to have a long range 
due to its low interaction cross section became interest-
ing for astronomy, and in the early 1960s several papers 
were published predicting that the neutrino would be 
a wonderful tool for exploring the Universe, with the 
caveat that large detectors of the kilometre scale would 
be needed. How true this premonition turned out to be, 
with the first astrophysical neutrinos from the distant 
Universe found more than four decades later – with a 
kilometre sized detector! 

Figure 1: Schematic of the completed IceCube detector. 
The in-ice array consists of 86 strings, each with 60 optical 
sensors. The surface of the ice is instrumented with IceTop, 
a series of ice-filled tanks containing optical sensors, which 
measures air showers from cosmic rays.

Neutrino astronomy in ice 
This detector is IceCube [2], located at the South Pole 
station in Antarctica, a massive feat of engineering, 
logistics, physics, and mostly sheer human will to make 
this possible in the face of many setbacks along the way  
(see Figures 1-4). The Antarctic ice cap came along quite 
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late in the neutrino detector game, with the initial ideas, 
designs and prototypes aimed at deployment of such 
detectors in the deep ocean. From the late 1970s, the 
DUMAND collaboration began work on such a detector 
to be located in the deep ocean near Hawaii. This detector 
would have instrumented a cubic kilometre volume of sea 
water at depths of over 4000 metres, using photomultiplier 
tubes mounted in glass pressure housings to detect 
Cherenkov light emitted by high energy muons, produced 
when neutrinos interact in the water. Cherenkov light is the 
blue light seen in pictures of the cores of nuclear reactors, 
made when particles travel faster than the speed of light in 
the medium. The refractive index lowers the light velocity 
to less than that in vacuum, leading to what is basically the 
light equivalent of the familiar sonic boom caused by an 
aeroplane moving faster than sound. The Cherenkov light 
is emitted in a conical pattern with its wavefront expanding 
out behind the particle in a cone shape. If the water is 
clear enough, the photons will travel with little scattering, 
preserving the cone, and, by measuring the arrival times 
of the light over a grid of sensors spaced throughout the 
volume, the particle track can be reconstructed, and the 
initial direction of the particle determined. Of course, the 
muon is a secondary particle, produced when the neutrino 
interacted, but, at high energy (of order TeV and above) the 
muon closely follows the neutrino direction, so a map of 
the sky in muons is a map of the sky in neutrinos – at least 
for those muons that actually came from neutrinos from 
distant sources.

Figure 2: IceCube is born: In late January of 2005, the first 
string was deployed. Here, the deployment team (with the 
author shown on the top-right side) attach the first-ever 
IceCube optical module. After one string in this first season, 
the collaboration deployed the detector over the following 
six summer seasons, peaking in the second-last season 
where 20 of the remaining 85 strings were deployed.

The big key to making neutrino astronomy possible 
in these detectors is to sift the proverbial needle-in-a 
haystack-neutrinos out of a very large haystack – muons 
and neutrinos made when cosmic rays collide with the 
Earth’s atmosphere. Cosmic rays, at the sort of energies 
relevant for our neutrino detection, are mostly protons 
and heavier nuclei, made somewhere off in the distant 
parts of our galaxy, or in other galaxies. Knowing where 
these are made is one of the mysteries that we hope 
to solve by the detection of neutrinos, since we think 
they may both be made by a common process, which, 
in fact, is the same process by which cosmic rays make 
background muon and neutrinos in the atmosphere. 
High energy cosmic rays arriving from space will 
interact with the atmosphere and produce, amongst 
other things, charged and neutral pions. Some of these 
pions will reinteract, but some will decay, making 
muons and neutrinos. In a typical kilometre scale deep 
detector, there will be millions of these atmospheric 
muons, and tens to hundreds of atmospheric neutrino-
induced muons passing through per day. Immediately, 
we can see that finding just the background atmospheric 
neutrinos, let alone any of the more rare astrophysical 
neutrinos, would seem impossible – how can we tell a 
neutrino-induced muon from a plain old atmospheric 
muon? Even if we can do this, once we have identified 
neutrino-induced muons, how can we tell which of 
these are coming from distant sources?

Neutrino astronomy: through the Earth 
Here, our story will diverge – first, telling the story of 
what we will call the “classical” picture of neutrino as-
tronomy, simply put, the way we thought we would 
find neutrinos from distant sources, then, later, we will 
talk about how it actually was done – essentially turning 
neutrino astronomy “on its head.” 

Figure 3: After seven summer seasons of hard work, IceCube 
was completed. Following the deployment of the 86th and 
final string in December of 2010, the IceCube south pole 
team, drillers and scientists, pose for a celebratory picture. 
The author is at front, under the B in IceCube.
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In the classical picture, separating the neutrinos from 
the muons is conceptually easy – we expect that mu-
ons and neutrinos will be made in the atmosphere all 
around the Earth, and, since the neutrinos can penetrate 
the entire Earth, they can in principle be detected from 
all directions in the sky. The same story holds for neu-
trinos coming from distant sources. The muons will not 
make it through the Earth from all directions, they lose 
energy as they travel through the Earth, typically travel-
ling only kilometres, so they will make it to our deep de-
tector only from above our heads at the South Pole. So, 
to see neutrinos, we look down into the Earth, which 
acts as a filter against the muons, leaving just the neutri-
nos. Basically, we give up on the idea of doing neutrino 
astronomy from the whole sky (which, to give a clue, 
is actually how it was eventually done), and settle for 
half. Separating the distant source neutrinos can be done 
in two ways. If the distant source is strong enough, it 
will appear as a point source on the sky – an area where 
many more events are seen than expected from the aver-
age number of atmospheric neutrinos per area of sky. If, 
on the other hand, the distant sources are quite abun-
dant and quite weak, then, it is unlikely that a single 
bright source will stand out on the sky. In that case, we 
turn to a diffuse analysis, where we look for an essential-
ly featureless addition of events all over the sky, adding 
everywhere to the atmospheric neutrinos. To help this 
search, we make use of the fact that the energy spectrum 
of events from distant sources is expected to be differ-
ent to that of atmospheric neutrinos – becoming more 
prevalent at higher energies. Thus, the diffuse search suc-
ceeds if we start to see increasing numbers of neutrinos, 
above expected from the Earth’s atmosphere, appearing 
at higher energies.  This was the paradigm long before 
IceCube was even suggested. Indeed, this author spent 
many years analysing data from the predecessor south 
pole experiment, AMANDA, looking for an excess of 
events in the high energy tail of the neutrino spectrum; 
then worked with several PhD students on the same 
analysis using more data from AMANDA, then using 
data from the about-half completed IceCube detector. 
The data from the half-completed IceCube analysis [3] 
showed the first hints of the signal – but, the statistical 
significance of the result wasn’t high enough to exclude 
a random fluctuation of the background as the cause. 
Now, after the analyses of data with the full detector [4], 
we can see that we had indeed found astrophysical neu-
trinos – the two highest energy events in our sample are 
very likely astrophysical.

Neutrino astronomy: turned upside down 
As often happens, the path to discovery started with 
something unexpected. For IceCube, this was the obser-
vation of two very high energy events that weren’t what 
was being looked for. In this analysis, the target events 
were high energy muon-neutrinos, which would be ex-
pected to interact outside the detector, and then illumi-
nate the detector in a continuous fashion as the muon 
lost energy to the ice as it travelled through.  None of 
these events were seen, however, two events were seen 
where the energy deposited was all in one point in the 
detector – evidence that an electron neutrino had in-
teracted, and the short-range electron has immediately 
dumped all its energy at one point, leading to a light 
pattern in the detector than looked essentially spherical, 
with the modules being illuminated at increasing radius 
as the photons propagated out from the emission point. 
The energy of these events was simple to measure – since 
the neutrino interacted within the detector, all its energy 
was observed in light, leading to an energy measure of 
around 1 PeV. The same was true for a second similar 
event found. Now, we would expect some rate of atmos-
pheric neutrinos at 1 PeV, so we would have to assess this 
in order to know for sure where these events came from 
– the atmosphere, or a distant source. 

Figure 4: Aerial view of the IceCube site, with coloured 
dots indicating the 86 string locations. The main station 
is in the middle behind the array. The IceCube laboratory 
(see front cover) is seen in the middle of the dots, and the 
two buildings to the back-left of the array house Cosmic 
Microwave Background telescopes. Neutrinos from the 
distant Universe will traverse the full array, and be seen in 
optical sensors across the array - see the front cover for an 
image of the light pattern from one of the highest energy 
events observed, which was observed over a full kilometre 
in the deep ice.

The analysis of the events continued, and an interesting 
finding was made: the events entered the detector 
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from above the south pole, having passed through the 
ice before interacting in the detector. Their downward 
arrival direction was an important piece of information 
about their origin, as it was quickly noted by one of our 
collaborators that this meant they were highly likely to be 
of astrophysical origin and unlikely to have been made 
in the Earth’s atmosphere above the south pole. If they 
had been made in the Earth’s atmosphere as the result 
of a cosmic ray interaction, then they would have been 
produced along with other shower particles – including 
high energy muons. If these accompanying muons were 
energetic enough, then it would be very unlikely for 
the neutrino to have entered the detector alone, before 
interacting deep inside – the muon would have been 
seen to be blazing a trail of light right from its entry 
into the detector. Thus, it was realised that these starting 
events from above were likely to not be of atmospheric 
origin. Even though it was thought that no neutrinos of 
the energy seen could have been unaccompanied into 
the detector, more detailed calculations of this effect 
were done to estimate how often we would expect these 
unaccompanied starting events from above, especially as 
we observed lower energy neutrinos. While this effect 
was being assessed, the search was on for more starting 
events, yielding a further 26. After complex simulations 
were used to calculate the rate of lone neutrinos expected 
from above, it become clear that we had in fact observed 
astrophysical neutrinos for the first time, and, at the end 
of 2013, the IceCube collaboration paper on this was 
published in the journal Science [5]. Very soon after, 
the ongoing analyses looking at neutrinos coming up 
through the Earth indeed confirmed that the highest 
energy events seen in the half-completed detector, were 
in fact astrophysical [6] – and, these few are now joined 
by many more found in six years of full detector data 
[4]. As of this article, we have observed many hundreds 
of astrophysical muon-neutrinos coming up through the 
Earth, found from a haystack of hundreds of thousands 
of atmospheric neutrinos. The downgoing discovery 
analysis has been further refined and expanded in 
energy range, and, also detects hundreds of astrophysical 
neutrinos from the southern sky [7]. There are many 
events with energies in the 0.2-4 PeV range – the highest 
energy neutrinos ever observed (see Figure 5). Most of 
the events we see are track-like muon events, and many 
of these point back to their source with resolution of 
order one-half degree or better – meaning we now have 
a true astronomical telescope.

Northern Sky

Southern Sky
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Figure 5: Skymap of the arrival directions of the highest 
energy neutrino events in IceCube - muons in red, point-
like starting events in blue. The gray circles show the arrival 
direction uncertainties - for muons these are fractions of a 
degree, and thus not visible. The area of each coloured circle 
is proportional to the energy - for muons, this is the energy 
as the event entered the detector (highest  4 PeV), for point-
like starting events, the deposited energy (highest 2 PeV).

Having established the existence of the astrophysical 
neutrino flux, we now aim to understand its origin: what 
sources produced these neutrinos, and what environments 
and mechanisms are responsible? For instance, did the 
events come from sources within our own galaxy, or from 
very distant, powerful galaxies? The data themselves seem 
to suggest that there are no obvious bright sources in the 
sky – no direction in the sky appears to be significantly 
brighter in these neutrinos than expected from accidental 
alignments of events. Many candidate objects have been 
measured at other wavelengths of light – particularly 
sources bright in gamma-rays – but, it does not appear 
that our neutrinos match the directions of any of these 
objects at a rate anything more than attributable to chance 
[8]. So, the sky has not yet revealed where the neutrinos 
are coming from, but we are developing new methods 
of analysis, and doing much background work based on 
knowledge of the potential sources out in the Universe, 
to make best use of the data that continues to come in 24 
hours a day from the south pole. 

The future: IceCube-Gen2 
While we continue to analyse data, and work on better 
methods for extracting secrets from the neutrino sky, 
there are proposals to expand the IceCube detector 
to increase the detection probability for neutrinos. 
The IceCube-Gen2 collaboration has formed, and 
proposes several increased capabilities: an expansion 
of the instrumented volume in the ice, the addition 
of more strings in the existing DeepCore array (which 
will improve our already important measurements of 



AUSTRALIAN PHYSICS 1954(1)  |  JAN-FEB 2017

neutrino oscillation effects), and, to improve the event 
rate from above the detector, a large surface array of air 
shower detectors (particle and optical) to improve the 
veto of atmospheric neutrinos from the southern sky. 
Together, these components will increase the detection 
rate of neutrinos from the full sky, improving our ability 
to unlock the Universe’s high energy secrets. 
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Gunther Andersson 
Centre for NanoScale Science and Technology, School of Chemical and Physical Sciences, 
Flinders University, SA, 5001, Australia 
email: gunther.andersson@flinders.edu.au

Helium atoms can be used in a variety of states and ways for analysing surfaces. The techniques provide 

complementary information about the composition, the electronic structure and the three-dimensional 

structure with high spatial resolution of far less than 1 nm.

Questions
Surface analysis has a long history and a very large num-
ber of techniques have been developed over the last 
decades. It would certainly be impudent to aim for an 
overview of surface analysis techniques in a short article 
like the present article. However, helium as a medium 
plays a central role for a few of the techniques. It is in-
teresting to note that despite the fact that the helium 
based surface analysis techniques described here have 
rather unique capabilities they are not well known and 
not widely spread.

A non-exhaustive list of the most common questions  
occurring when analysing surfaces are:

1. What is the composition of the outermost layer?
2. How does the composition of a sample change as a 
 function of the depth?
3. What is the electronic structure of the outermost layer  
 and the near-surface region, i.e. the position of  
 valence and conduction band (or highest occupied  
 molecular orbital (HOMO) and lowest unoccupied  
 molecular orbital (LUMO) in case of molecular 
 materials)?
4. What is the chemical state of components forming  
 the surface?
5. What is the lateral or 3-dimensional structure of the  
 surface?

Most but not all of these questions can be investigated 
using techniques based on helium atoms. Metastable in-
duced electron spectroscopy (MIES)[1] can be used to 
address questions 1, 3 and 4. Neutral impact collision 
ion scattering spectroscopy (NICISS)[2] can be used to 
investigate 2 and helium ion microscopy (HIM)[3] and 
helium microscopy[4] can be used to gain information 
in regard to question 5. I will focus here mainly on MIES 
and NICISS and touch only briefly the microscopy tech-
niques because the latter are in my area of expertise.

Techniques 
A. NICISS
NICISS was originally developed for determining the 
crystal structure of surfaces and required that the sam-
ple has a long range crystalline structure. However, in 
the absence of a long range order as found in a crystal, 
concentration depth profiles can be determined. Here I 
focus on the latter mode of applying NICISS.

In a NICISS experiment a pulsed beam of helium ions 
with a kinetic energy of a few keV is directed onto the 
sample. A time-of-flight (TOF) detector is used to de-
termine the energy of the projectiles backscattered from 
the atoms forming the sample. Electrostatic energy ana-
lysers cannot be used for these experiments because the 
particles to be detected are mostly in the neutral state. 
The backscattered projectiles experience two types of en-
ergy losses which are schematically illustrated in Figure 
1. Firstly, the projectiles lose energy during the backscat-
tering process and secondly they lose energy through 
small angle scattering and electronic excitations of the 
projectile and of the atoms forming the sample. [2] The 
second type of energy loss is called stopping power and 
is proportional to the depth from which the projectile 
is backscattered. In this way the first type of energy loss 
informs about the mass of the atom from which the pro-
jectile is backscattered, while the second type of energy 
loss informs about the depth from which the projectile 
is backscattered. The combined information of both 
types of energy losses provides the concentration depth 
profiles of the elements.[2] Helium cannot be backscat-
tered from hydrogen as the latter is lighter than helium. 
Thus while no energy loss profiles of hydrogen appear in 
NICIS spectra, a broad background of sputtered hydro-
gen is present. Technically ions other than helium can be 
used. However, projectiles other than He have not been 
used for depth profiling in a NICISS experiment.
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Figure 1: Schematic illustration of NICISS. He+ projectiles 
are directed onto a sample and lose energy due to 
backscattering (2) and through stopping power on the 
trajectory from the surface to the depth from which they 
are backscattered (1) and back to the surface (3). The 
energy loss caused through the stopping power ΔE is 
proportional to the depth d. Reprinted with permission 
from [14]. Copyright 2014 American Chemical Society.

B. MIES
MIES is a technique of the class of electron spectroscopy 
methods. The most well-known electron spectroscopy 
techniques are X-ray photoelectron spectroscopy (XPS) 
and UV-photoelectron spectroscopy (UPS). XPS is the 
standard technique to investigate question 5. However, 
the disadvantage of XPS and UPS is that the information 
gained through these techniques is averaged over the top 
few nanometers of a sample due to the finite electron 
mean free path of the emitted electrons. Thus it is not 
suitable to apply XPS and UPS in cases when exclusively 
the outermost layer of a sample needs to be investigated.

Schematic illustration of the electron spectroscopy 
methods MIES. He* is interacting with the electron density 
forming the outermost layer of a sample. A surface formed 
by a randomly oriented molecule will show contributions 
of all valence electron orbitals forming the sample while 
a surface formed by molecules with preferred orientation 
will show only the valence electron orbital pointing away 
from the surface. In a similar way a MIE spectra of an 
inorganic surface will show only valence electron density 
of the compound forming the outermost layer.

In a MIES experiment the object that brings the energy to 
the sample for exciting the electrons is a metastable helium 
atom (He*). The cross section for the de-excitation process 
is so large that the He* transfers its energy to the sample 
at a distance of a few Å between the He* and the sample 
surface.[1] Thus the surface sensitivity of MIES does not 
rely on the electron mean free path of the emitted electron 
as in XPS and UPS but on the large cross section between 
the He* and the electron density of the sample. The lowest 
metastable excited states of He* are the 3S1 (19.8 eV) and 
1S0 (20.6 eV). He* are generated in a low pressure He gas 
discharge. Usually the He* in the 3S1 state forms by far the 
most dominant fraction of the He* produced, however the 
1S0  can be almost entirely removed by quenching.[1] The 
transfer of the excitation energy between the He* and the 
sample is through either of two processes: via Auger de-
excitation or via resonant neutralisation with subsequent 
Auger neutralisation. The first process is dominant in case 
no states close to the Fermi level exist in the sample, e.g. 
semiconductors and organic molecules. The second process 
is dominant for metals or low work function materials. The 
exclusive surface sensitivity is illustrated with a cartoon 
in Figure 2. A MIE spectrum will only show the valence 
electron density of the component or electron orbital 
forming the outermost layer of a sample.

C. HIM
HIMs have a principle of operation to some degree 
similar to electron microscopes. The advantage of 
the HIM over electron microscopes will be addressed 
below. The He ions (He+) required for the imaging are 
generated through field emission at very sharp tips. 
The He+ beam is focused in a similar way as electrons 
in an electron microscope and scanned over the sample. 
Imaging is facilitated through the detection of electrons 
emitted upon the impact of the He+ onto the sample. 
The sharpness of the tip in conjunction with the small 
de Broglie wavelength of the He+ allows for resolutions 
far less than than 1 nm.[5] Importantly, the interaction 
of He+ with organic and other low Z materials leads to 
the emission of a large number of electrons which allows 
for imaging in particular very thin organic objects.[3]

Examples
Both vacuum based methods NICISS and MIES can 
be applied to surfaces formed by solids but also formed 
by liquids. The first examples to be discussed here 
address liquid surfaces. In Figure 3 the concentration 
depth profiles of the solute and the solvent of a solution 
of the solute tetrabutyl phosphonium bromide in the 
polar solvent formamide as determined by NICISS are 
shown.[6] The concentration depth profile of the solvent 
shown in Figure 3a is used to determine the position 
of the Gibbs dividing plane. The Gibbs dividing plane 
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is an artificial construct and the choice of its position 
is entirely arbitrary. However, a convenient choice of 
the position of the Gibbs dividing plane is such that 
the surface excess of the solvent is equal to zero as 
demonstrated in Figure 3a. With this convention for 
the position of the Gibbs dividing plane the surface 
excess of the solution corresponds to the surface excess 
of the solute as illustrated in Figure 3b. Changing the 
concentration of the solute allows direct determination 
of the adsorption isotherm of the solute with NICISS 
which enables measuring of quantities such as the 
activity coefficient of the solute [6] or the dielectric 
constant of the solvent at surfaces [7]. It is worth 
noting that higher depth resolution than illustrated in 
Figure 3 can be achieved by applying deconvolution 
procedures.[8]

Figure 3: The concentration depth profiles of the 
solute tetrabutyl phosphonium bromide in the solvent 
formamide. Part a) illustartes the procedure to determine 
the Gibbs dividing plane from the concentration depth 
profile of the solvent. Part b) shows how the surface excess 
of the surfactant is determined from the concentration 
depth profile of the solute and the Gibbs dividing plane 
as determined in part a). The concentration depth profiles 
in a) and b) are not deconvoluted, i.e. not corrected for 
the energy resolution of NICISS, because the information 
gained through deconvolution does not add new 
information here. Reproduced from [6] with permission 
from the PCCP Owner Societies.

Figure 4 illustrates how NICISS can be used to deter-
mine the orientation of molecules at liquid surfaces. The 
phospholipid 1-palmitoyl-2-oleoylsn-glycero-3-phospho-
choline (POPC) in a solution with the polar solvent 3-hy-
droxypropionitrile (HPN) shows at low concentrations an 
orientation at the surface such that the polar head group 
of the POPC molecule is forming the outermost layer of 
the solution. Such an orientation is counter-intuitive be-
cause the surface energy is lower when the non-polar (hy-
drophobic) part of the POPC molecule forms the surface 
compared to covering the outermost layer with the polar 
(hydrophilic) part (as found with NICISS). Systems mini-
mize their surface energy if they are not hindered kineti-
cally. The orientation with the non-polar part forming the 
outermost layer is found at higher POPC concentrations 
and also in the case when the polar solvent formamide is 
used.[9]

Figure 4: Orientation of the phospholipid 1-palmitoyl-
2-oleoylsn-glycero-3-phosphocholine (POPC) molecule 
adsorbed at the surface of 3-hydroxypropionitrile (HPN) 
and formamide. The orientation of the POPC molecule is 
derived from the distance between the outermost layer 
and the position of the phosphorous atom of POPC. In HPN, 
POPC is oriented such that the polar group points towards 
the gas phase at low surface coverage. With increasing 
surface coverage the POPC molecule reorients such that 
the hydrophobic part is pointing towards the gas phase. 
In contrast, at formamide surfaces the hydrophobic group 
is pointing always towards the gas phase and only the 
tilt angle slightly changes with increasing concentration. 
Reprinted with permission from [9]. Copyright (2000) 
American Chemical Society.

MIES can also be applied for determining the surface 
coverage with solute or solvent [10] and the orientation 
of molecules at surfaces. The latter is demonstrated 
in Figure 5. In a MIE spectrum of formamide, the 
components forming a spectrum can be assigned to the 
functional groups of the formamide molecule.[11] The 
quantitative analysis of the MIE spectra of formamide in 
the gas phase, at the surface of the liquid phase and the 
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surface of a multilayer and a monolayer adsorbed onto 
a solid surface can be used to derive the orientation of 
the molecule at each of the surfaces. For the quantitative 
analysis the spectral features assigned to each of the 
functional groups are determined quantitatively and are 
shown as "relative ionization probability" in Figure 5. 
The orientation in the gas phase is certainly random. 
However, at the surface of condensed phases preferred 
orientations might dominate. At liquid surfaces and 
solid films formed through the adsorption of formamide 
molecules onto solid substrates it was found that the 
formamide surface is formed by the C=O group forming 
linear networks through hydrogen bonds with the NH2 

groups of the formamide molecule.[1]

Figure 5: Investigation of the orientation of formamide 
molecules at surfaces of a liquid, a multilayer and a 
monolayer formed on a solid surface. For comparison the 
relative signal intensity of the formamide molecule in a MIE 
spectrum in the gas phase is shown. Reprinted from [1], 
Copyright (2000), with permission from Elsevier.

The combined application of NICISS and MIES on 
the surface on the blend of poly (3-Hexylthiophene) 
(P3HT) and [6,6]-phenyl-C61-butyric acid methyl 
ester (PCBM) revealed a layered structure of the organic 
molecules. As illustrated in Figure 6, the outermost 
layer is formed by thiophene. Just below the surface a 
thin layer of PCBM is found while the bulk certainly is 
formed by a mixture of PCBM and P3HT.[12] Blends 
of PCBM and P3HT are frequently used as an active 
layer in organic based photovoltaic devices.

Figure 6: the combined application of NICISS and MIES 
revealed a layered structure at the surface of the blend 
of poly (3-Hexylthiophene) (P3HT) and [6,6]-phenyl-C61-
butyric acid methyl ester (PCBM). Reproduced from [12] 
with permission from the PCCP Owner Societies.

In Figure 7 the capability of MIES is demonstrated, to 
quantify the composition of the outermost layer of com-
plex surfaces. The authors of [13] have evaporated Ni onto 
an oxidised Ni(001) surface. The Ni atoms attaching to 
the surface form islands of varying size. At low amounts of 
evaporated Ni small non-metallic islands of Ni are formed 
while coverages of about 1.5 monolayers or more result in 
the formation of metallic Ni on top of the NiO. The au-
thors could show that the whole series of MIE spectra can 
be fitted as a linear combination of three reference spectra 
and that the three reference spectra can be identified as 
NiO, Ni islands with < 7 atoms and metallic Ni.[13]

Figure 7: The MIE spectra of Ni islands growing on NiO 
are composed of 3 reference spectra. Each measured 
spectrum is a linear combination of the 3 reference spectra 
with the weighting factors for the reference spectra α, β 
and γ representing the fraction of the surface formed by 
the respective surface structure. Reference spectrum α 
represents an outermost layer formed only by O atoms. 
Reference spectrum β represents small Ni clusters formed 
by up to 7 Ni atoms and reference spectrum γ represents 
islands formed by metallic Ni. Reprinted from [13], with 
permission from Elsevier.
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Figure 8: Imaging of a carbon nanomembrane (CNM) with 
a helium ion microscope. The thickness of the CNM is in the 
order on 1 nm. Reprinted from [3], with permission from 
John Wiley and Sons.

Summary
Helium is quite a versatile element when being used for 
analysing surfaces. It can be used as an ion, as neutral 
atom, in its metastable state, at kinetic energies as low 
as thermal energy around a few meV or as high as a 
few keV or a few ten keV. A number of techniques us-
ing helium for surface analysis are not mentioned here. 
The depth and lateral resolution that can be achieved 
is amongst the best possible. However, high resolution 
in all three dimension cannot be achieved with a single 
method and combining techniques is required.
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Reviewed by Dr Fred Osman, Trinity 
Grammar School, Sydney. 

This book contains occasional lectures by Edward 
Teller and the printed elaborations of all the lectures 
of the recipients of the Edward Teller Medal awarded 
by the American Nuclear Society at the international 
conferences Laser Interaction and Related Plasma 
Phenomena (LIRPP, 1969-1997) and its successor 
Inertial Fusion Science and Applications (IFSA, 1999-). 
Edited by, and with introductory comments by Heinrich 
Hora and George H. Miley, the complete lectures up to 
2003 that were published in the first edition in 2005 
have now been extended by including the subsequent 
12 Edward Teller Lectures up to 2015.

This book covers nearly 50 years of ground-breaking work 
by leading researchers in the field of inertial confinement 
fusion (ICF) where the goal is controlled generation of 
fusion energy.  It also covers related topics e.g. how laser-
plasma interactions can be used for studying processes 
in astrophysics. During these 50 years, from the first 
detectable fusion reactions achieved by laser irradiation 
of deuterium, or mixtures of deuterium and tritium, 
the number of neutrons emitted increased by a trillion 
times. While such studies were undertaken in many 
laboratories worldwide the National Ignition Facility 
(NIF) at the Lawrence Livermore National Laboratory 
in California played a leading role. 

This book may be of special interest in Australia because 
nuclear fusion, along with the radioactive hydrogen 
isotope tritium, was discovered in 1934 by the Australian 
Mark Oliphant (together with Lord Rutherford and Paul 
Harteck), who also strongly promoted fusion research 
following his return to Australia. From these beginnings 
the international magnetic confinement fusion (MCF) 
program based on tokamaks and stellarators arose. 
Another option, the use of lasers to achieve fusion 

BOOK REVIEWS
reactions in a controlled way by inertial confinement 
arose after the first fusion explosion driven by a fission 
explosion in 1952 under the leadership of Edward Teller. 
Both MCF and ICF have not yet reached break-even 
though much new physics has been discovered in the 
quest to achieve this goal.

The Edward Teller Medal of the American Nuclear So-
ciety is awarded for important achievements in ICF. In 
2005, the Imperial College Press published Edward Tell-
er Lectures containing lectures by medallists up to 2003. 
This second edition completes the collection up to 2015, 
when the most recent award was given to Jie Zhang, the 
President of the Shanghai Jiao Tong University at the 
Inertial Fusion Science and Applications Conference held 
in Seattle in 2016.

A special connection with Australia is through activities 
at the University of Western Sydney that included an 
international conference organised by the reviewer at 
which the keynote speaker was Edward Campbell, a 
former project director for NIF and Senior Vice President 
of General Atomics. Campbell wrote a foreword to the 
first edition of the book that is still relevant and is re-
published for the second edition, together with several 
addresses and comments by Edward Teller himself. 

In summary the Second Edition gives an overview of 
inertial confinement research over 50 years presented by 
major participants. It provides an authoritative account 
of the inertial confinement fusion approach to achieving 
an environmentally clean and economically feasible 
option for future energy production. 
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SAMPLINGS
Gravity measured using a Bose–Einstein 
condensate on a chip
A new sensor that measures the local acceleration due 
to gravity using a Bose–Einstein condensate (BEC) of 
ultracold atoms has been made by physicists in Germany, 
the US and Canada. While the prototype device is not 
as accurate as commercial gravimeters, its makers say it 
could be made much smaller and much more accurate 
than existing devices. 

Atoms can be used to measure the acceleration due to 
gravity by cooling a gas of them to near absolute zero 
and then dropping them along two different paths in 
an interferometer. The quantum interference that occurs 
when the paths converge at a detector provides a very 
good measure of gravity, with commercial atom interfer-
ometers able to measure the acceleration to within one 
part in 108. Such measurements are invaluable for geo-
logical exploration because the presence of certain min-
erals can be spotted by seeking tiny variations in gravity 
at the Earth's surface. 

Free falling: the BEC gravimeter in action

While these ultracold atom gravimeters are on a par with 
conventional absolute gravimeters based on macroscopic 
falling masses, their accuracy could be improved a lot by 
using a BEC. In a conventional atomic gravimeter, the 
ultracold atoms form a diffuse gas roughly a millimetre 
in size and a major cause of uncertainty is that the laser 
pulses used to control the atoms are not spatially uniform 
on that length scale. A BEC – formed by cooling a gas 
of atoms with integer spin until they condense into a 
single quantum state – reduces this uncertainty because 
it squeezes the atoms into a region that is about 100 
times smaller. 

Created by Ernst Rasel of Leibniz University of Han-
nover and colleagues, the BEC gravimeter has at its 
heart a chip a few centimetres in size that contains a tiny 
vacuum chamber. Lasers and magnetic fields trap about 

15,000 rubidium atoms at the top of the chip, where 
they are cooled to temperatures of a few nanokelvin to 
create a BEC. 

The BEC is then allowed to fall about 1 cm through the 
chamber and, as it does so, a series of laser pulses is fired 
at the BEC, deflecting the atoms into different paths to 
create an interferometer. It takes about 10 ms for the 
atoms to complete their free fall, but the sensitivity can 
be improved if this time is extended using a laser pulse 
to bounce the atoms back up when they reach the bot-
tom of the chip. The atoms are then allowed to fall back 
down again, increasing the free-fall time by a factor of 
five. 

Rasel and colleagues were able to measure the accelera-
tion of the atoms with an accuracy of about one part in 
107 – at least an order of magnitude worse than com-
mercial gravimeters. Writing in Physical Review Letters, 
the researchers point out that their gravimeter was op-
erated in a "rough environment without access to any 
vibrational shielding", which caused much of the meas-
urement uncertainty. By reducing the vibrations and 
doing other improvements, Rasel and colleagues reckon 
the gravimeter could operate with an uncertainty of less 
than one part in 109 and fit inside of a backpack. 
[S. Abend et al., Phys. Rev. Lett., 117, 203003 (11 No-
vember 2016)]

Extracted with permission from an item by Hamish 
Johnston at physicsworld.com.

Do physicists avoid reading papers with lots 
of equations?
Including large numbers of mathematical equations in a 
research paper could impede the effective communica-
tion of the physics it describes. That is the controversial 
conclusion of a study of citation numbers by researchers 
from the University of Exeter in the UK, who advocate 
for the more accessible reporting of theoretical research. 
However, some physicists disagree with their analysis 
and conclusion. 

Mathematics plays a fundamental role across the breadth 
of the sciences, underpinning the development of theo-
retical concepts. However, evolutionary biologists Tim 
Fawcett and Andrew Higginson noticed that many ex-
perimental biology papers seemed to lack a solid theo-
retical basis. They also found that theoretical biology 
papers were often neglected by the research community 
and that many evolutionary biologists confessed to be-
ing deterred by equation-dense papers. 
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Too much maths: do physicists shun papers with lots of 
equations?

These observations inspired the duo to look into how 
maths is presented in 649 papers from three major 
ecology and evolution journals. Using generalized linear 
models to analyse how often papers are cited, they found 
a negative correlation between a paper's equation density 
and the number of citations it received. Indeed, there 
were 28% fewer citations on average for each additional 
equation per page. 

This result raised an important question: could this trend 
be fixed with improved mathematics training for biolo-
gists, or does it also exist in fields with a traditionally 
greater reliance on math, like physics? This was investi-
gated in 2015 by the physicist Jonathan Kollmer of the 
Friedrich-Alexander University Erlangen, Germany, and 
colleagues. They found no evidence for the correlation 
in the citations of 1000 papers that appeared in Physical 
Review Letters (see "Are physicists afraid of mathemat-
ics?"). In that same study, Kollmer and colleagues also 
questioned the original analysis of biology citations by 
Fawcett and Higginson. 

Now, Fawcett and Higginson have done their own 
analysis of Physical Review Letters papers and come to a 
different conclusion. They found an average 6–8% de-
crease in citation frequency for each additional equation 
per page. The duo suggest that this indicates that there 
are real and widespread barriers to the communication 
of mathematical work – independent from the levels of 
mathematical training, or any stigma about doing well 
in mathematics. 

"Ideally, the impact of scientific work should be deter-
mined by its scientific value, rather than by the presenta-
tional style. Unfortunately, it seems valuable papers may 

be ignored if they are not made accessible," says Higgin-
son. "This presents a potentially enormous barrier to all 
kinds of scientific progress." 

Fawcett adds: "It takes time to scrutinise the details of a 
technical article – even for the most distinguished phys-
ics professors – so with many competing demands on 
their time, scientists may be choosing to skip over arti-
cles that take too much effort to digest." 

[Andrew D Higginson and Tim W Fawcett,  
New Journal of Physics, 18 (November 2016)]  

Extracted with permission from an item by Ian Randall 
at physicsworld.com.

Do solar neutrinos affect nuclear decay on 
Earth?
Further evidence that solar neutrinos affect radioactive 
decay rates on Earth has been put forth by a trio of phys-
icists in the US. While previous research looked at annu-
al fluctuations in decay rates, the new study presents evi-
dence of oscillations that occur with frequencies around 
11 and 12.5 cycles per year. The latter oscillation appears 
to match patterns in neutrino-detection data from the 
Super-Kamiokande observatory, in Japan. Other physi-
cists, however, are not convinced by the claim. 

The idea of fluctuating beta-decay rates is very contro-
versial because for more than 80 years, radioactive sub-
stances have been thought to follow a fixed exponential 
decay, under all conditions. The theory of invariable de-
cay constants was set by Ernest Rutherford, James Chad-
wick and Charles Ellis in Radiations from Radioactive 
Substances, published in 1930. 

Do neutrinos from the Sun affect beta decay on Earth?
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In recent years, however, there have been suggestions 
that decay rates are not constant and are influenced by 
the Sun. In 2009, physicists from Purdue University in 
Indiana published a paper discussing unexplained an-
nual fluctuations in long-term measurements of decay 
rates of silicon-32 and chlorine-36 at Brookhaven Na-
tional Laboratory (BNL) in New York and radium-226 
at the Physikalisch-Technische Bundesanstalt (PTB) in 
Germany. 

The Purdue researchers noted that decay rates at both 
experiments appeared to be fastest early in the year when 
Earth is closest to the Sun. They suggested that the annual 
decay oscillations could be related to yearly variations in 
the Earth–Sun distance, with solar neutrinos somehow 
affecting decay rates. 

This idea, however, was met with some scepticism in 
the physics community. Part of the criticism was that 
environmental factors, such as ambient temperature, 
are known to affect decay-rate measurements and might 
explain the seasonal variations. While others pointed 
to the fact that neutrinos interact with other particles 
infrequently and there is no known mechanism that 
could explain the proposed influence on decay rates. 

In the latest research, Peter Sturrock, an applied 
physicist at Stanford University, Ephraim Fischbach at 
Purdue and Jeffrey Scargle, an astrophysicist at NASA's 
Ames Research Center, performed power-spectrum 
and spectrogram analysis of the BNL silicon-32 and 
chlorine-36 data. The study revealed oscillations at 
frequencies of 11 and 12.5 cycles per year, as well as 
the previously reported annual oscillation. They also 
analysed five years of measurements from the Super-
Kamiokande observatory and found similar oscillations 
in solar-neutrino flux. 

In the Super-Kamiokande data, which were collected 
between 1996 and 2001, they found oscillations at 12.5 
and 9.5 cycles per year. The researchers say that the os-
cillation at 12.5 could be related to the rotation of the 
Sun's radiative zone, while the oscillation at 9.5 may be 
related to the rotation of the solar core. 

The oscillations in decay rates and neutrino flux that oc-
cur at 12.5 cycles per year fit with each other. However, 
the oscillations at 9.5 (neutrino flux) and 11 (decay rate) 
cycles per year are more difficult to reconcile. The re-

searchers say that the 11 cycles-per-year oscillation could 
originate in the region between the Sun's core and radia-
tive zone. 

The evidence that neutrinos affect beta-decay rates "is 
not persuasive", according to Hamish Robertson, direc-
tor of the Center for Experimental Nuclear Physics and 
Astrophysics at the University of Washington, in Seat-
tle. He says: "Evidence that fits the hypothesis has been 
brought forward, while other evidence that does not fit 
(for example, long-term studies of the beta decay of trit-
ium), is ignored." He adds: "Fitting the fluctuations to 
one natural phenomenon after another will eventually 
lead you to reach a spectacular conclusion." 

[P.A. Sturrock et al., Sol. Phys., 291 (2016), 3467; 
doi:10.1007/s11207-016-1008-9]

Extracted with permission from an item by Michael Al-
len at physicsworld.com.

Torsion-bar antenna adds new twist to 
gravitational-wave search
Physicists in Japan have developed a new kind of com-
pact gravitational-wave detector that works by measur-
ing the tiny rotations of two suspended blocks of alumin-
ium. A far cheaper alternative to the more conventional 
interferometer-based devices, this "torsion-bar antenna" 
could plug a gap in the gravitational-wave spectrum 
– between the high-frequency waves observable today 
from the ground and the lower-frequency radiation po-
tentially detectable in space – so expanding the range of 
very massive objects that astronomers can study. 

Twisting bars: the antenna could detect intermediate-sized 
binary black holes

Gravitational waves are ripples in the fabric of space–
time predicted by Albert Einstein in 1916 and detected 
directly for the first time last September by the Laser 
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Interferometer Gravitational-wave Observatory (LIGO) 
in the US. Each of LIGO's two detectors is a laser in-
terferometer with two 4 km-long arms at right angles 
to each other. A passing gravitational wave can stretch 
one arm by a miniscule amount while compressing the 
other – and these changes can be measured with very 
high precision. 

The LIGO detectors are shielded from terrestrial 
vibrations by suspending the interferometer mirrors – 
turning each mirror into a pendulum. As a result, LIGO 
cannot detect gravitational waves with frequencies below 
about 1 Hz, which is the resonant frequency of the 
mirror pendulums. Since heavier astronomical objects 
emit gravitational waves at lower frequencies, LIGO is 
only able to study relatively small objects – its first signal 
having been produced by the merger of two black holes 
weighing in at about 30 times the mass of the Sun. 

To observe gravitational waves at lower frequencies, 
many scientists are instead looking to vibration-free 
space. Among proposed missions is the European Space 
Agency's evolved Laser Interferometry Space Antenna 
(eLISA), which is due to be launched in the early 2030s. 
This would fire laser beams between free-floating test 
masses arranged in a triangular formation with arms a 
million kilometres long, and would target waves with 
frequencies between about 0.1–100 mHz. 

In contrast, Masaki Ando of the University of Tokyo 
and colleagues aim to detect low-frequency gravitational 
waves on the ground – at a cost of just a few million 
dollars. Their detection process involves monitoring the 
effect of passing gravitational waves on two bar-shaped 
test masses positioned at right angles to one another 
and which rotate around a common axis of suspension. 
Rather than recording a length change, the Japanese 
group instead measures a tiny relative rotation – the 
waves would cause one test mass to move in a clockwise 
direction while sending the other anticlockwise. 

In this set-up the resonant frequency is not fixed by the 
strength of gravity and the length of the suspension – 
as for a pendulum – but instead by the suspension's 
tensional strength, diameter and length, as well as the 
bar's moment of inertia. Putting forward their idea in 
2010, Ando and co-workers calculated that 10 m-long 
bars suspended by very narrow, soft wires would have 
resonant frequencies as low as a few millihertz and could 

turn through angles as small as 10–17 of a degree. This, say 
the researchers, would enable them to detect significant 
numbers of merging intermediate-mass black holes, 
which can weigh in at up to about a million solar masses. 

The researchers have now built a small prototype detec-
tor comprising two bars, each 24 cm long. The detector 
is shielded from vibrations and the researchers used a 
laser interferometer to achieve angular sensitivities of up 
to 10–8 of a degree. 

[Ayaka Shoda et al, arXiv:1611.07117[gr-qc]]

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com.

Antiatoms yield their first optical spectrum
The first measurement of an atomic transition in an 
antiatom has been made by researchers working in 
the ALPHA collaboration at CERN in Geneva. The 
team measured the frequency of a specific transition 
in antihydrogen, which consists of a positron (an 
antielectron) bound to an antiproton. Although the 
result is no different from that measured in normal 
hydrogen, the group says that more sensitive versions 
of its experiment might one day reveal a new matter–
antimatter asymmetry in nature.

Some members of the ALPHA collaboration

The transition in question is between the 1s (ground) 
and 2s (excited) states of antihydrogen. This process 
could be sensitive to a violation of what is known as 
charge, parity and time reversal (CPT) symmetry. This 
states that the behaviour of any physical system remains 
unaltered under the combined reversal of charge, spatial 
coordinates and time. Although CPT symmetry has solid 
theoretical support, experimentalists are nevertheless 
keen to put it to the test. Its violation, for example, 
might explain why the universe today appears to consist 
almost entirely of matter – even though equal amounts 
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of matter and antimatter were thought to have been 
produced during the Big Bang. "Other symmetries that 
were thought to be inviolable have been broken before," 
notes ALPHA spokesperson, Jeffrey Hangst of Aarhus 
University in Denmark.
 
ALPHA, like a number of other antimatter experiments 
at CERN, takes its antiprotons from the lab's Antiproton 
Decelerator, and then slows down and cools the particles 
before combining them with chilled positrons from a 
sodium-22 source. The resulting sub-kelvin atoms of 
antihydrogen are then trapped – thanks to their tiny 
magnetic dipole moments – in a potential well created 
by the careful overlap of several magnetic fields.

To carry out their spectroscopic measurements, Hangst 
and colleagues fire a laser beam into the magnetic trap 
and let it bounce numerous times between two mirrors. 
The laser's frequency is tuned to roughly half that of the 
1s to 2s transition in normal hydrogen. This is because 
the transition involves the absorption of two photons, 
and its precise frequency is determined to some extent 
by the presence of the trapping magnetism. Some of the 
antiatoms should then be excited and drop out of the 
trap as a result of one of two mechanisms – either by 
absorption of a third photon to become ionized, or by 
having their spin flipped. The researchers then repeat the 
process with the laser tuned to different frequencies, as 
well as with no laser at all.

Carrying out the whole procedure 11 times, the group 
found that on average just under 60% of antiatoms left 
the trap with the laser tuned to the 1s-2s transition, while 
no antiatoms (within the bounds of statistical error) 
dropped out when the laser was tuned to a different 
frequency or when it was switched off. The researchers 
say that the antiatoms underwent the transition at the 
expected frequency and therefore behaved no differently 
from normal hydrogen.
[M. Ahmadi et al., Nature (2016); doi:10.1038/nature21040]

Extracted with permission from an item by Edwin 
Cartlidge at physicsworld.com.

Dual optical clock races towards peak precision
A new optical clock that is insensitive to an important 
source of noise has been developed by physicists at the 
National Institute of Standards and Technology (NIST) 
in the US. The researchers believe the new design, 
which allows the clock to reach its peak precision much 
more quickly than before, could provide a step towards 
allowing optical clocks to be used in a wider range of 
applications than is possible today. 

One of the optical clocks at NIST

Optical lattice clocks trap atoms in a standing-wave potential 
created by two counter-propagating laser beams. A third 
laser is used to repeatedly excite and de-excite a specific 
atomic transition, which gives the "ticks" of the clock. Such 
a clock's principal advantage over a similar timekeeper 
based on trapped ions is that technical difficulties currently 
prevent more than one ion being used at a time. This makes 
ion clocks prone to the inherent quantum randomness in 
the way the ion behaves when excited by the laser – called 
the quantum projection noise. In contrast, thousands of 
neutral atoms can be used in the same trap at once and this 
greatly reduces the quantum projection noise. 

In 2013, Andrew Ludlow and colleagues at NIST in 
Boulder, Colorado, demonstrated two optical lattice clocks 
that are stable to within a record-breaking half a second in 
the age of the universe. Physicists have proposed that, if such 
clocks could be made robust enough to be taken out of the 
laboratory, the precise measurements of time dilation taken 
at various points on Earth could give important insights 
into the internal composition of our planet. Taking such 
clocks to space could allow physicists to look for deviations 
from Einstein's general theory of relativity and quantum 
effects in gravity. 

"Dick noise" is an important effect in optical clocks and it 
arises because the atoms cannot be monitored continuously. 
"They'll typically stay around [in the trap] for a few seconds 
before molecules of background gas bump into them and 
knock them out like billiard balls," explains Ludlow, "and 
so we have to get some more." During the "dead time" 
while they do this, the laser frequency can vary slightly. The 
effect of these random variations can be averaged down 
by measuring for many hours, but this is experimentally 
cumbersome. 

Schioppo, Ludlow and colleagues have now produced a 
clock containing two trapped atomic ensembles – essentially 
a timekeeper comprising two optical clocks. While one trap 
is being refilled and its atomic state prepared and measured, 
the laser is locked to the other trap. 
[M. Schioppo et al., Nature Photonics, 11, 48–52 (2017); 
doi:10.1038/nphoton.2016.231]

Extracted with permission from an item by Tim Wogan at 
physicsworld.com.
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Associate Professor Graham Sargood, 
noted Melbourne physicist, physics 
teacher and nuclear astrophysics 
researcher, died in Melbourne on 19 
November, 2016, at the age of 90.

Known as Graham, he was the second 
son of Denis Sargood and a great-
grandson of Sir Frederick Sargood 
who built and lived in the Rippon 
Lea estate. Graham was educated at 
Melbourne Grammar School and at 
the end of 1943, he enrolled in the 
Royal Australian Naval Reserve as an 
Ordinary Seaman (2nd class) and was 
mobilised in June 1944. He rose to 
the rank of Sub-Lieutenant in January 
1946 and was demobilised in January 
1947, having served in the South 
West Pacific zone on the survey ship 
HMAS Shepparton. This appointment 
(unusual for a midshipman) was due to 
Graham’s aptitude for mathematics. 

After the war, he enrolled as a student 
at The University of Melbourne from 
1947 to 1950 and qualified for a 
B.Sc. in Physics and Dip.Ed.  He met 
his future bride, Yoland Walker, on a 
holiday in Ardmona and they married 
in September 1951. In January 1951 he 
joined the staff of The Geelong College 
where he taught physics, mathematics, 
and general science for six enjoyable 
years. However, in January 1957, the 
lure of physics took him back to the 
University of Melbourne as an M.Sc. 
student Half way through the 2-year 
M.Sc. course, he was appointed a Senior 
Demonstrator, and on completion of 
his M.Sc. he was appointed a Lecturer 
in Physics. He then enrolled as a part-
time Ph.D. student. In December 
1961 the family, which by then had 
four children, moved back from 
Geelong to Melbourne where Graham 

obtained his Ph.D. in March 1965.
Four months later he was promoted to 
Senior Lecturer and the following year 
was granted sabbatical leave, which 
he spent as a Visiting Associate in the 
W. K. Kellogg Radiation Laboratory 
at California Institute of Technology 
(Caltech).

At "Kellogg" Graham Sargood gained 
a fascination for nuclear astrophysics 
from Professor W. A. (Willy) Fowler, 
who was destined to share the 1983 
Nobel Prize for Physics and from 
Professor C. A. (Charlie) Barnes 
he learned the true meaning of 
thoroughness in experimental work. 
So began his 25-year research career 
in Experimental Nuclear Astrophysics. 
The major enterprise in Willy 
Fowler’s empire at CalTech was the 
precision measurement of the nuclear 
reactions that occur in stars, eventually 
responsible for the distribution of 
the chemical elements and all their 
isotopes in the universe. This highly 
successful research program, to which 
Graham and his research group 
contributed significantly upon his 
return to Melbourne, is what led to 
Fowler’s Nobel Prize for explaining 
the relative abundance of the chemical 
elements on Earth and everywhere 
else else in the Universe. Indeed, 
Willy Fowler’s acceptance speech in 
Stockholm made specific reference 
to the Sargood group and a treasured 
copy of the Nobel lecture carries the 
following endorsement:

"To Graham Sargood with great 
admiration for his great contributions 
to Nuclear Astrophysics.  Willy Fowler 
- Pasadena July 21, 1984"

In 1983 Graham was promoted to 
Reader in Physics, in recognition of his 
research career during which he was 
author or co-author of fifty astrophysics 
related papers in international scientific 
journals and the supervisor of fifteen 
Ph.D. students.

While it was for his research that he 
was known on the world scene, it was 
for his outstanding teaching record as 
one of the clearest and most highly 
regarded lecturers that he was best 
known at home. Although reserved in 
most social situations, he was confident, 
relaxed and often flamboyant in front 
of an audience, large or small, whether 

school-age, undergraduates, members 
of the general public, or professional 
physicists. He managed to win the 
confidence and respect of his students 
by being friendly, approachable and 
clear. Indeed, in 1991, the year at the 
end of which he retired, he was voted 
"best lecturer" by the third year physics 
students.

As Chairman of the Curriculum 
Committee for very many years he 
did more that anyone to uphold the 
teaching standards in the University 
of Melbourne School of Physics and 
we all had a lot to learn from him. 
Together with our late lamented 
friends Professor Geoffrey Opat and 
Dr Bill Wignall, Graham shaped 
the School's outstanding record in 
teaching.  Over the many years from 
his first appointment in the early 
1960s until his retirement, he assigned 
himself in turn to each and every unit 
of the Physics Courses in 1st, 2nd and 
3rd years and many other lecturers 
profited greatly from notes bequeathed 
and later published by him.

Finally, mention must be made 
of another of Graham's great 
achievements which was his initiation 
of what became known as the "July 
Lectures in Physics": a set of public 
lectures on every Friday in July, 
starting in 1968 and still going strong. 
Aimed initially at High School physics 
teachers, on topics traditionally 
considered to be ill-understood, the 
format never changed but, as more and 
more members of the general public 
discovered them, the terms of reference 
were broadened and audience numbers 
increased, often exceeding 200. 

To finish on a lighter note, here is a 
student’s view of Graham's superb 
blackboard work:  “If it’s underlined 
it’s important; if it’s double underlined 
it will be on the exam paper.”

He is survived by his wife of 
65 years, Yoland, daughters 
Susie, Jan, and Mandy, and son 
Michael, 9 grandchildren and 5 
great-grandchildren.  He will be 
remembered as one of the greatest 
and clearest teachers at the University 
of Melbourne and an all-round 
outstanding academic, excelling not 
only in teaching but also in research 
and administrative duties. 

Denis Graham Sargood  ( 1 9 2 6 – 2 0 1 6 )
outstanding teacher

Physics colleague Tony Klein, with help from the Sargood family, Belinda and Megan
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PRODUCT NEWS

Coherent Scientific
DG645 Digital Delay/Pulse Generator

The DG645 is a versatile digital delay/pulse generator 
that provides precisely defined pulses at repetition rates 
up to 10 MHz. The instrument offers several improve-
ments over older designs – lower jitter, higher accuracy, 
faster trigger rates and more outputs.

The DG645 has many trigger modes. An internal rate 
generator, with less than 100 ps period jitter, may be 
set from 100 µHz to 10 MHz with 1 µHz resolution. 
An external trigger input, with adjustable threshold and 
slope, can trigger a timing cycle, a burst of cycles, or a 
single short. A single shot can be triggered with a key 
press. A line trigger operates synchronously with the AC 
mains. A rear-panel trigger inhibit can disable the trigger 
or any of the pulse outputs during a timing cycle.

The DG645 supports a number of complex triggering 
requirements via a trigger holdoff and prescaling feature.

SR124 Analog Lock-In Amplifier
For a core group of users the analog lockin amplifier is 
still the instrument of choice over the newer modern 
digital versions, which are a potential source of high-
frequency interference.

The SR124 designs follows two basic themes. First 
the signal path is entirely built from low-noise analog 
electronics: The best JFET’s, transistors, op-amps and 

discrete components. Second, configuration control is 
managed by a microcontroller whose system clock only 
oscillates during the brief moments need to change gain 
or filter settings. This “clock-stopping” architecture, 
first introduced by Stanford in the SR560 Voltage 
Preamplifier, eliminates the inconvenience and reliability 
issues associated with mechanical panel controls, and 
makes full remote operation of the SR124 possible.

For further information please contact: Jeshua Graham, 
jeshua.graham@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
TOPTICA’s CTL is now available at 1050, 
1320 and 1470 nm – with up to 110 nm 
mode-hop-free tuning! 

Continuous, mode-hop-free wavelength tuning up 
to 110 nm is now possible around the new central 
wavelengths 1050, 1320 and 1470 nm. These new 
wavelengths complement the portfolio of TOPTICA’s 
laser platform CTL (Continuously Tunable Lasers). 

The new wavelengths of the CTL support a variety 
of applications like spectroscopy, waveguide 
characterization, studying microresonators, seeding 
ytterbium amplifiers, as well as testing of ytterbium 
fibre components. In addition, the CTL at 1470 nm 
central wavelength lends itself for specific applications 
in the telecommunication range (s-band and part of 
e-band), especially where high resolution and low noise 
are required.
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Key Features: 
• Mode-hop-free tuning: 915 nm - 985 nm or 1530 -  
 1620 nm
• Up to 80 mW
• Flexible motor, piezo and current tuning with high  
 accuracy and small step sizes
• Low-noise and powerful digital control with  
 DLC pro
• High frequency AC and DC current modulation  
 inputs
• Hands-off operation with SMILE and FLOW

Enter a new world of accuracy with 
wavelength meters from High Finesse
HighFinesse-Ångstrom offers sensitive and compact 
wavelength meters with a large spectral range for high 
speed measurement of lasers. The optical unit consists 
of temperature-controlled Fizeau-based interferometers 
that are read out by photodiode arrays. The high absolute 
accuracy is achieved by use of solid state, non-moving 
optics

The optical unit and associated electronics are housed in a 
compact, thermal casing. The connection to a computer 
or notebook is realised via a high speed USB 2.0 port, 
which allows a high data read-out rate. The analysing 
software displays all the interferometer information and 
is compatible with Microsoft Windows.

Main Benefits and Properties:
• Pulsed and CW lasers can be measured
• Most accurate instruments available:
• ± 2 MHz with measurement resolution of 500 kHz
• High speed measurements up to 600 Hz
• Extremely wide range: 192 nm - 11 µm
• Data control through easy access API
• (LabView, C++, MatLab, ...)

OWL 1280 SWIR HD format Digital InGaAs 
camera from Raptor Photonics 
Using a 1280 x 1024 InGaAs sensor from SCD, the 
OWL 1280 offers visible extension from 0.4 µm to 1.7 
µm to enable high sensitivity imaging. The 10 µm x 
10 µm pixel pitch enables the highest resolution imag-
ing. The camera will also offer 2 x 2 binning to become 
640×512, 20 µm pitch for ultimate low light vision and 
high speed applications. It will offer less than 35 electrons 
readout noise combined with one of the lowest dark cur-
rent readings on the market.  The camera will offer ultra-
high intrascene dynamic range of 70 dB enabling simul-
taneous capture of bright & dark portions of a scene 

Key Features: 
• VIS-SWIR technology – Enables high sensitivity  
 imaging from 0.4 μm to 1.7 μm 
• 10μm x 10μm pixel pitch – Enables highest resolution  
 VIS-SWIR image 
• < 40 electrons readout noise – Enables highest  
 VIS-SWIR detection limit 
• Ultra high intrascene dynamic range – 70 dB –  
 Enables simultaneous capture of bright & dark 
 portions of a scene 
• On-board Automated Gain Control (AGC) –  
 Enables clear video in all light conditions 
• On-board intelligent 3 point NUC – Enables highest  
 quality images 
• Ultra compact, Low power (< 3.5 W) – Ideal for  
 hand-held, mobile or airborne systems 
• Rugged, No fan – Enables integration into UAV,  
 handheld or any Electro-Optic systems 

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
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Warsash Scientific
553 nm laser with direct modulation

Cobolt AB, Swedish manufacturer of high performance 
lasers, introduces a new wavelength of 553 nm on the 
Cobolt 06-01 Series of plug and play CW lasers. The 
06-DPL 553 nm (diode pumped laser) is available with 
up to 50 mW and offers direct intensity modulation 
(analog and digital) at up to 5 kHz.

The expansion of wavelength offering of 06-DPL lasers 
(532 nm, 561 nm) complements the modulated diode 
lasers (MLDs) already available in the Cobolt 06-01 
Series, which offer a market leading combination of 
modulation extinction ratios (>10,000,000:1) and high 
speed (up to 150 MHz). Together, the 06-MLD and 
06-DPL lasers in the Cobolt 06-01 Series offer a very 
complete spectrum of directly modulatable wavelengths 
from 405 nm to 660 nm in a compact form factor, ideal 
for fluorescence imaging and analysis applications in life 
science.

All Cobolt lasers are manufactured using proprietary 
HTCure™ technology and the resulting compact 
hermetically sealed package provides a very high level of 
immunity to varying environmental conditions along 
with exceptional reliability. With demonstrated lifetime 
capability of >60,000 hours and thousands of installed 
units in the field, HTCure™ has proven to be one of the 
most reliable methods for making industrial grade lasers 
and is reflected by offering market leading warranty 
terms.

Two-axis acousto-optic modulator
Warsash Scientific is pleased to announce the 
DTD274HA6 2-axis deflector from IntraAction Corp, 

a leading manufacturer of acousto-optic devices for over 
25 years.

Ideally suited for optical tweezer applications, the 
DTD274HA6 uses Tellurium Dioxide crystals to 
provide precise spatial control for two-dimensional 
scanning or beam deflection, with an active aperture of 
4x4 mm2 and an antireflection coating for 1,064 nm.  
The system can achieve a maximum deflection angle of 
26.9 mrad with a bandwidth of 16 MHz.

Physik Instrumente - Silicon Photonics 
applications
Warsash Scientific is pleased the announced the F-712 
from Physik Instrumente (PI), a new system designed 
for fibre alignment tasks in the Silicon Photonics 
applications.

The F-712 is a complete system including the positioner, 
controller, firmware based alignment algorithms and 
software tools. At the heart of every system is an XYZ 
nano-positioning stage for the high-speed and high-
duty-cycle alignment task. Especially for tracking 
applications, the piezo-based nano-positioning stage 
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is mandatory due to its frictionless long-lifetime 
capabilities. The nano-positioning stage typically sits 
on a micro-positioning system that performs the larger-
travel tasks. This micro-positioning system can either be 
an XYZ system consisting of stacked M-122 linear stages 
combined with very stiff and robust angle brackets, or 
alternatively an H-811 hexapod if also rotational axes 
are required. There are single-sided and double-sided 
systems available. 

The unique advantage of the F-712 system is that it 
provides integrated coarse-fine solution, capable of 25 
mm coarse motion and 100 µm fine motion, for aligning 
complex multi-axis with high speed/throughput. All axes 
are driven by single digital controller with one global 
coordinate system, and the interdependencies of axes 
are automatically compensated. The software package 
is able to support various programming languages, e.g. 
LabVIEW, C++, MATLAB, Python. 

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

Zurich Instruments
Quad-PID feedback loop with PLL capability 

Zurich instruments just added the MF-PID option with 
4 independent PID (proportional - integral - derivative) 
controllers to their MFLI, a 500 kHz/5 MHz lock-in 
amplifier. The MF-PID option builds on class-leading 
specifications of the MFLI such as low input noise of 2.5 
nV/√Hz and a high dynamic reserve of 120 dB. Each 
controller is seamlessly integrated with the lock-in am-
plifier, using inputs from a multitude of internal meas-
urement data and analog input signals. The maximum 
control loop bandwidth is 50 kHz.

When setting up a new control loop, the user is well 
supported by the LabOne PID-Advisor which offers 
a selection of models that can be picked and adjusted 
to have a close match with different applications. 
After defining the target bandwidth, the PID-Advisor 
suggests a set of parameters and graphically displays 
the corresponding transfer-function and step-response. 
Once the feedback loop is running, the auto-tune 
function optimizes the parameters to minimize the 
residual PID error. The software toolset included in 
LabOne also offers a parametric sweeper, oscilloscope 
and spectrum analyzer. These tools can be used to 
efficiently analyze the performance of the loop and 
compare to the selected model. In phase-locked-loop 
(PLL) mode, phase unwrapping extends the input range 
to ±1024π, meaning a reliable feedback at start-up and 
robust operation throughout. 

The MF-PID option can be used in many applications, 
including frequency combs, frequency-transfer-locks, 
optical fibre noise-cancellation, atomic force microscopy 
(AFM), scanning tunneling microscopy (STM), 
scanning near-field optical microscopy (SNOM), 
MEMS resonators and gyroscopes.

For more information contact Zurich Instruments AG at 
info@zhinst.com 
 
Zurich Instruments AG 
Technoparkstrasse 1, 8005 Zurich, Switzerland  
phone +41 44 515 0410, fax +41 44 515 0419 
www.zhinst.com

An idea for an article?
It could be about:

•   your area of physics

•    an unusual career for a person trained as 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.

Suggestions for articles, and offers of authorship 
would be greatly appreciated. Contact the editor: 
aip_editor@aip.org.au
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SG380 RF Signal Generator
Ultra-high frequency resolution

DC to 2 GHz, 4 GHz or 6 GHz
1 µHz resolution
AM, FM, ØM, PM and sweeps

SR124 200kHz Lock-In Amplifier
Low noise, all analog design

Low noise, all analog design
No digital interference
0.2 Hz to 200 kHz measurement range

DG645 Digital Delay Generator
Ultra-low jitter delay generator

4 pulse outputs
8 delay outputs (opt.)
<25 ps rms jitter

SG390 Vector Signal Generator
Up to 6GHz vector signal generator

2 GHz, 4 GHz and 6 GHz models
Dual baseband arb generators
Analog and vector modulation

High Performance,  
Affordable Instrumentation


