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EDITORIAL

Past copies of Aust Phys online
Following approval of the AIP Coun-
cil at the 2015 meeting in February, 
copies of Australian Physics will be 
made freely available on the website 
one year after publication. Copies of 
all issues for volume 50 (2013) are 
now accessible: go to the Australian 
Physics link under Publications on the 
AIP’s website. It may be possible to 
retrieve electronic copies back to an 
earlier time - a few years at most. It 
would, however, be desirable to have a complete set of all issues in 
electronic form. Complete sets are available (at CSIRO in Sydney 
and Melbourne, to my knowledge) but scanning them would be a 
time-consuming process. Contact from any member interested in 
helping in this process would be welcome.

In March, Chief Scientist of Australia, Professor Ian Chubb, re-
leased a report, Value of advanced physical and mathematical sciences 
to the Australian economy, showing the value of advanced science un-
dertaken and applied in the past 20 years to the Australian economy. 
For the purposes of this report, advanced science encompasses the 
physical sciences (physics, chemistry and earth sciences) and math-
ematical sciences. Professor Hans Bachor, Chair of the National 
Committee for Physics, Australian Academy of Science, provides a 
brief commentary on this report in Show your contribution to the 
Australian community and economy (see page 82). 

In this issue, as in the last one, we have an article related to one of 
the AIP awards. Professor Chennupati Jagadish (ANU), and recipi-
ent of the Boas Medal for 2013, has written an article on the topic 
for which he received the award: III-V Semiconductor Nanowires: 
Plasmonics and Optoelectronics (see page 84). It is worth noting that 
this is but one of a number of articles we will publish this year on 
topics relevant to International Year of Light and light-based tech-
nologies.

The third article, Origin of the Spin of the Proton  by Professor 
Tony Thomas Centre (University of Adelaide) gives an account of 
one of the fundamental puzzles of particle physics (see page 91). 
Many readers may be surprised to find the complications that arise 
from the fact that the proton, unlike the electron, is a composite 
particle.

Brian James
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PRESIDENT’S COLUMN

Science and Research under the Spotlight
The last two months have been re-
markable for the amount of attention 
science and research have received in 
the political sphere, and hence the 
media. One area of particular promi-
nence has been the funding of our 
national research infrastructure fa-
cilities. Many if not most of these are 
partially or totally funded through 
the National Collaborative Research 
Infrastructure Strategy (NCRIS), a 
scheme that was created by the How-
ard Government and has been in 
place since 2006. Importantly, this 
funding pays for the people and on-
going maintenance so critical to keep-
ing these facilities operating – some-
thing I know only too well having 
been Chair of Astronomy Australia 
Limited, which manages NCRIS 
funding for Australia’s astronomy ca-
pability. As such, the lack of certainty 
over the $150M of NCRIS funding 
allocated by the current government 
for the 2015-16 financial year, due to 
it being dependent on the passing of 
the Higher Education Deregulation 
legislation, put the ongoing opera-
tion of many of these facilities under 
threat. The announcement by Minis-
ter Pyne on 17 March that the two 
had been decoupled, and the $150M 
of NCRIS funding was therefore as-
sured, came as a huge relief to the 
Australian national research com-
munity. The concern expressed by 
the broader community, including 
business, regarding the fate of our na-
tional research facilities, was also very 
gratifying. 

With precious tax-payer dollars 
being used to fund our national re-
search facilities, the benefits these 
provide – not just in terms of main-
taining our scientific research capac-
ity but also more broadly to society – 
are extremely important and need to 
be well promoted. Two events I have 
attended in the last couple of months 
have served as an important reminder 
of just how well they do this. The first 
was a breakfast event held at Parlia-
ment House in Canberra to highlight 
how the Australian Synchrotron Fa-
cility is leading the world in diabetes 
research through the creation of the 
first 3D image of the insulin molecule 

in action, which will enable the devel-
opment of a new form of insulin that 
does not require refrigeration and 
will thus benefit 280 million diabetes 
sufferers world-wide. This event, pro-
moted under the International Year 
of Light (with the Synchrotron being 
Australia’s brightest light source!), was 
attended by the Minister of Industry 
& Science, Ian Macfarlane, his Par-
liamentary Secretary, Karen Andrews, 
plus many other politicians from 
both sides of politics. As well as being 
fascinated by the presentation on dia-
betes research, I was also very much 
struck by the enormous breadth of re-
search that the Synchrotron enables, 
with its contributions to mitigating 
crop disease, developing a new drug 
to treat leukaemia, helping mining 
companies reduce their processing 
costs, and making environmentally-
friendly plastic being just a few nota-
ble examples.  

This same theme of research 
breadth and the benefits national re-
search facilities bring to so many ar-
eas of society was brought home to 
me again in having just attended my 
first meeting of the Bragg Institute 
Advisory Committee. The Bragg In-
stitute is another ‘landmark’ national 
research facility located at ANSTO, 
but in contrast to the Synchrotron, 
uses beam lines of neutrons (gener-
ated by ANSTO’s OPAL reactor) 
rather than photons to probe matter 
on the tiniest scales.  Yet again, the 
richness and diversity of the world-
leading research this enables is quite 
breath-taking, spanning areas such as 
food science, nuclear and bio-medi-
cine, advanced materials and manu-
facturing, new energy technologies, 
and cultural heritage research, to 
name just a few.

Another significant occasion for 
science hitting the headlines was the 
announcement by the Chief Scien-
tist, Prof Ian Chubb, of the results of 
the quantitative study on the impact 
the physical sciences (physics, maths, 
earth sciences and chemistry) have 
on the Australian economy, commis-
sioned by his office and the Austral-
ian Academy of Science. As outlined 
in more detail in Hans Bachor’s ar-

ticle contained in this issue (p 82), 
the impact on our economy is sig-
nificant, with the physical sciences 
directly contributing $145B (11%) 
to the economy per year, and double 
this amount if the indirect “flow-on” 
benefits are also taken into account. 
This study provides an enormously 
important opportunity for all of us 
to promote the benefits of science 
and advocate that it be appropriately 
funded, viz in a sustainable and long-
term way. As individual scientists and 
physicists, I think it is incumbent 
upon all of us to raise the awareness 
of this very positive message for sci-
ence as far and wide as possible, us-
ing our contacts and networks. Here 
the AIP also has an important role 
to play, providing a strong voice on 
behalf of the physics community in 
Australia, and working with bodies 
such as the national committees and 
STA to present a clear and persistent 
message to our policy and decision 
makers. 

Finally, I am very pleased to an-
nounce that A/Prof Jodie Bradby will 
be this year’s AIP Women in Physics 
Lecturer.  Jodie is an ARC Future 
Fellow within the Research School 
of Physics & Engineering at ANU, 
and is a world-recognised expert on 
the structure-property relations of 
brittle materials. We very much look 
forward to Jodie conducting her tour 
of Australia later this year, where she 
will deliver her lecture entitled “Su-
per-small, super-strong and super-
hard: uncovering new materials using 
extreme pressures” to school, public 
and academic audiences.

Warrick Couch

1  http://www.pams.org.au/home
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NEWS & COMMENT
DSTO: new strategic alliance with Airbus 
Group Australia Pacific Ltd (AGAP).
The agreement, signed in an inaugural alliance manage-
ment committee meeting during the Australian Interna-
tional Air Show at Avalon, will see the two organisations 
work closely together on a range of research and devel-
opment projects related to aerospace defence technolo-
gies.

In particular, it will facilitate collaboration between 
DSTO and the Airbus Group in defence aircraft systems 
(including helicopters) and communications. Initially it 
will focus on maximising the capability of ADF aero-
space fleets throughout their service life, and on improv-
ing communications capability.

Chief Defence Scientist, Dr Alex Zelinsky, said the 
alliance is a further step forward in strengthening the 
ADF’s aerospace capabilities. “Our collaboration with 
Airbus Group will ensure the highest levels of support 
for the ADF’s future aerospace systems,” Dr Zelinsky 
said. Airbus Group Australia Pacific Managing Director, 
Dr Jens Goennemann, said the partnership is an exciting 
initiative for both organisations.

Chief Defence Scientist Dr Alex Zelinsky (left) and Airbus 
Group Australia Pacific Managing Director Dr Jens 
Goennemann (right) holding the newly signed strategic 
alliance.

RV Investigator completes Antarctic cold 
water trials 
The new Marine National Facility research vessel RV 
Investigator has returned to Hobart after successfully 
completing its cold water trials, which took the vessel to 
65°S 146°E, which is about 2,500 km south of Hobart. 

The Executive Director of the project to build and test 
the vessel, Toni Moate, said the voyage to the ice-edge 
tested out key capabilities of the ship, to ensure the ves-

sel can operate in low water temperatures. The ship has 
been designed to operate in water temperatures of -2 ºC 
to +32 ºC, from the Antarctic ice-edge to the tropics.

“On this cold water commissioning voyage we tested 
everything from the winches to the dynamic positioning 
system, to make sure they were operational in very cold 
conditions,” Ms Moate said.

The Aurora Australis from on board RV Investigator.

ANU tops physics publishing list in 2014
The ANU led the list of Australian institutions publish-
ing top-class physics in 2014, according to data from 
international journal Nature. The Nature Index 2015 
placed the ANU first in physical sciences using each 
of three slightly different measures used to rank insti-
tutions: number of articles published, fractional count 
(percentage of all published authors), and weighted frac-
tional count (which counters a disproportionately high 
astronomy score). Based on the weighted fractional ac-
count the top five institutions were, in order or rank: 
ANU, UNSW, Monash, U. Sydney and U. Melbourne. 

Ruby Payne-Scott Early Career Award
The AIP has established an 
award that recognises 
research excellence amongst 
physicists in the early stages 
of their career. The Ruby 
Payne-Scott Award is named 
after one of Australia’s most 
outstanding physicists, best 
known for her pioneering 
contributions to radio 
astronomy in Australia in 
the early part of her own 
research career (1941–51). Ruby Payne-Scott
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The medal will be awarded biennially in Congress 
years and will be based on the research conducted in the 
first 12 years of the recipient’s career following the award 
of a first degree (and allowing for any career breaks). 
The inaugural call for nominations will be made in early 
2016. 

Value of advanced physical and 
mathematical sciences to the Australian 
economy 
The Chief Scientist of Australia, Professor Ian Chubb, 
has released a report showing the value of advanced 
(science undertaken and applied in the past 20 years) 
physical (physics, chemistry and earth sciences) and 
mathematical sciences to the Australian economy. The 
release of the report, The Importance of Advanced Physi-
cal and Mathematical Sciences to the Australian Economy, 
coincided with his address to the National Press Club on 
25th March as part of Science Meets Parliament.

The report found that 11% of Australian econom-
ic activity relies directly on the advanced physical and 
mathematical sciences  and that value of this direct con-
tribution to the economy is around $145 billion per 
year. When flow-on impact is added, these values be-
come, respectively, 22% and $292 billion. 

A copy of the report can be downloaded from the 
Chief Scientist’s website: http://www.chiefscientist.gov.
au. The relevance of this report to physicists is discussed 
on the following page by Hans Bachor, chair of the Na-
tional Committee for Physics of the Australian Academy 
of Science.

BRANCH NEWS
Western Australia
The WA branch held a general meeting on 15th April 
during which Stephan Lewandowsky, a Professor of 
Cognitive Studies at Bristol University, delivered a pres-
entation on the implications of uncertainty in framing 
responses to climate change. The main message was 
that the greater the uncertainty, the more governments 
should prepare for worse case scenarios, mainly on ac-
count of the non-linear relationship between tempera-
ture change and the cost to society. The topic allowed 
the audience to pose broader questions on the science 
of climate change, spilling over into discussions during 
subsequent refreshments.

Prof Lewandowski speaking at a WA Branch meeting.

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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As physicists we believe that our work is important for 
all parts of our modern society.  We say so frequently, 
for example in the Physics Decadal plan of the National 
Committee for Physics.  We have lots of ideas and talent, 
Australian research is well respected and some achieve 
high impact. We also know that there are severe limits: 
we lack growth in funding for research and education, 
lack certainty for infrastructure and jobs.   We need 
more emphasis on teaching at schools, simplified ad-
ministration and support for international collaboration 
and with industry.  Our colleagues in chemistry, math-
ematics and earth sciences share our beliefs. From our 
perspective, it is common sense that these issues need to 
be addressed. Shouldn’t we also quantify our impact on 
our society and make a case based on economic facts? 

That has just been done in a report titled, The Im-
portance of Advanced Physical and Mathematical Sciences 
to the Australian Economy.  Under the guidance of the 
Chief Scientist and the Australian Academy of Science, 
with input from the National Committee for Physics, 
this impact was evaluated. Business leaders know how 
much their companies and profits depend on recent 
technology, new inventions and discoveries and on the 
skills of scientifically trained professionals. Economists 
know the linkages within our economy.  Treasuries use 
economic models which are regarded as the best availa-
ble tool to describe our financial activities - and are even 
used as predictors.  By putting all this expertise together 
we can study the impact of the advanced physical and 
mathematical sciences, including the earth sciences, ab-
breviated as APMS, on the Australian economy.  

We investigated what fraction of each sector of the 
Australian economy would decline or become unprofit-
able without APMS ideas and the technology, which was 
built with our input in the last 20 years.  Scientists esti-
mated the impact. Then industry confirmed these facts 
and this matched almost perfectly, which is very satisfy-
ing.  Finally economists determined the direct impact 
and in addition the indirect flow on effect. In total 22 ± 
5% of our economy and about 760,000 employees de-
pend on APMS and we don’t need to worry how much 
of that is recent physics, chemistry, mathematics or earth 
sciences.  Please have a look at the details as they are in 
the study carried out by the Centre of International Eco-

nomics (CIE): https://www.science.org.au/news/sci-
ence-major-contributor-australian-economy-report. 
See summary graphic from the report on the next page.

Within a week of the launch of this publication we 
had about 50 referrals to the report in the media that 
went from a point of view where people doubted that 
the impact of APSM could be quantified to the oppo-
site situation of having accepted the economic results.  
In particular we heard minister Macfarlane mentioning 
these facts in his speeches. Treasury and the productiv-
ity commission accepted the methodology and the find-
ings, which indicates the acceptance in economic circles. 
Very few negative comments appeared.  

What can you do with this official report: It provides 
the background for our advocacy for physics. You can 
quote the overall impact for all of APMS and then add 
your particular case. Yes it is science from anywhere in 
the world, but without our work we could not find the 
right solutions, equipment and software, purchase them, 
adapt them to Australian requirements, maintain them 
and create unique Australian responses to the grand 
challenges which our society and companies face. All of 
us have a different story to tell and you have your own 
networks, with local members of parliament, business 
people and decision makers to help our case. What is 
your good news story, your contribution in the short 
and long term? 

Let’s use the momentum. We have a small window of 
opportunity right now and later this year in the build up 
to the 2016 election budget, and then again and again. 
To achieve real changes we need to be convincing and 
persistent. We scientists should work together to present 
a multifaceted but coherent case - independent of their 
specific discipline, whether they work in a university, a 
public research organisation or in industry. While there 
will still be competitions, ARC funding rounds, CRCs 
etc., we should be able to convince the public and so-
ciety at large that investments in our activities and in 
all scientists are essential and productive for improving 
quality of life and to meet the needs of the community.

Hans Bachor 
Chair, National Committee of Physics, 
Australian Academy of Science

Show your contribution to the Australian 
community and economy
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Summary from The Importance of Advanced Physical and Mathematical 
Sciences to the Australian Economy.
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III-V semiconductors form the backbone of the opto-
electronic device research and industry. Optoelectronic 
device research has progressively moved from bulk ma-
terials to two-dimensional (quantum well), one-dimen-
sional (quantum wire) and zero-dimensional (quantum 
dot) materials in the past 25 years. The major goals of the 
optoelectronics research community have been to dem-
onstrate smaller, faster and more efficient devices that 
show potential for integration with Si based electronics. 
Minimizing the physical size and maximizing the opera-
tion speed have been the major focus for light emitting 
devices like lasers and maximizing the efficiency, or more 
importantly, the output per unit cost has been the most 
important focus for devices like solar cells.

“III-V semiconductor nanowires offer 
a paradigm shift in the physics and 
design of optoelectronic devices”

While the conventional, planar III-V epitaxial mate-
rials and device architectures have been used to achieve 
some of these outcomes, III-V semiconductor nanow-
ires offer a paradigm shift in the physics and design of 
optoelectronic devices. They show promise of achieving 
all of the above goals including possible integration with 
Si CMOS technology. Nanowires are quasi 1-dimen-
sional structures with base dimensions varying between 
a few tens of nanometers and a few 100s of nanometers 
and length varying from a few 100s of nanometers to 
a few microns (Figure 1(a)). The very high aspect ratio 
of nanowires means that strain relaxation can in princi-

ple occur through the free facets not bound to the sub-
strate and hence lattice mismatch is no longer a major 
constraint for growth, enabling growth of III-V semi-
conductors on Si substrates. The unique shape of the 
nanowires leads to some challenges from the materials 
perspective, but offer a multitude of conceptual advan-
tages for optoelectronic device applications. This article 
discusses the materials aspects and challenges first fol-
lowed by approaches to overcome these limitations and 
finally, device applications with emphasis on lasers and 
solar cells.

Material quality - Challenges and Solutions
Nanowires have very large surface area to volume ratio 
due to their shape anisotropy. While large surface area 
is advantageous for applications like nanowire sensors 
that rely on surface processes, it may lead to deteriorated 
optoelectronic device performance in nanowires due to 
non-radiative surface recombination processes. The op-
toelectronic quality of a nanowire, or of any semicon-
ductor is quantified in terms of its quantum efficiency 
(QE) or radiative efficiency, given by Eqn. (1) where r is 
the radiative recombination rate, tot is the total recom-
bination rate, r is the radiative recombination lifetime 
and nr is the non-radiative recombination lifetime of 
carriers in the semiconductor material.

 (1)

The most widely studied III-V semiconductor material, 
GaAs has a very large surface recombination velocity[1] 
of ~106 cm/s. Such large surface recombination veloci-

III-V Semiconductor Nanowires: 
Plasmonics and Optoelectronics
Chennupati Jagadish*

Department of Electronic Materials Engineering, Research School of Physics and Engineering, 
The Australian National University, Canberra, ACT 2601, Australia.

III-V semiconductor nanowires are photonic waveguides with nanometer sized cross-sections with 
potential for controlling semiconductor-light interaction in ways not possible with conventional 
planar configurations; and thus opening opportunities for efficient and novel optoelectronic devices. 
Nanowires are highly anisotropic structures with base dimensions of a few 10s of nanometers and length 
of a few 100 nanometers to a few microns. The shape anisotropy results in large free surface areas that 
may degrade the optoelectronic quality of the nanowires. This article discusses approaches to mitigate 
the effect of free surfaces on nanowire optoelectronic quality and use them for efficient optoelectronic 
devices by exploiting their ability to strongly confine and guide light. 

* Recipient of the AIP’s Walter Boas Medal for 2013.
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ties result in very small non-radiative recombination 
lifetimes and hence low quantum efficiency in GaAs 
nanowires. Low quantum efficiencies have inhibited the 
device applications of GaAs nanowires until very recent-
ly. Despite being the most studied and extensively used 
material system in planar configuration, its applications 
in nanowire configuration have only been recently dem-
onstrated.[2,3] And these demonstrations have been 
made possible due to surface passivation. Surface passi-
vation refers to minimization of surface states accessible 

“Low  quantum  efficiencies have 
inhibited the device applications of 
GaAs nanowires until very recently.” 
to carriers generated in a semiconductor and results in 
an increase in the non-radiative recombination lifetime 
of carriers. The surface of a GaAs nanowire can be pas-
sivated by growing a conformal AlGaAs shell around the 
nanowire as shown in Figure 1(b) and (c): (i) AlGaAs is 
lattice matched to GaAs for a wide composition range 
enabling epitaxial growth without strain accumulation; 
(ii) AlGaAs has larger bandgap energy than GaAs and 
hence prevents carriers in the GaAs core from accessing 
surface states and recombining non-radiatively. Using a 
AlGaAs shell around GaAs nanowires, we have demon-
strated the longest room-temperature non-radiative car-
rier lifetimes, nr, of 2 ns.[4]

Figure 1: (a) Transmission electron microscope (TEM) Image 
of a nanowire showing typical dimensions. (b) Schematic 
and (c) cross-section TEM images showing the different 
layers in a GaAs core-AlGaAs shell-GaAs cap nanowire.

While this conventional approach for increasing the 
quantum efficiency of semiconductor nanowires is be-
ing investigated by semiconductor growers all around 
the world, we also investigated the non-conventional ap-
proach of increasing the quantum efficiency of nanow-
ires by reducing the radiative recombination lifetime, r 

of carriers. This approach has been traditionally used 

for very small volumes of semiconductor material by 
coupling it to a resonant cavity.[5-15] Our aim of using 
nanowires for optoelectronic device applications would 
require increasing the quantum efficiency of large vol-
umes of semiconductor, and hence requires novel cav-
ity configurations. Added to this we also require scalable 
approaches to simultaneously increase the quantum ef-
ficiency of several nanowires. Here we discuss two such 
cavity configurations: (i) metal nanoparticles that sup-
port standing wave resonances of surface plasmon polar-
itons[14] and (ii) ‘Ω’ shaped cavities that support hybrid 
photonic-plasmonic modes.[15]

The nanowires used for this work have a GaAs core, 
an AlGaAs shell and a GaAs cap, as shown in Figure 
1(b) or (c). The AlGaAs shell passivates the GaAs core 
and the GaAs cap prevents oxidation of the Al contain-
ing shell. Figure 2 shows the photoluminescence (PL) 
spectrum from the core-shell-cap nanowires. The photo-
generated carriers in the AlGaAs shell can either recom-
bine radiatively or non-radiatively or can be captured 
by the lower bandgap energy GaAs layers. Considering 
the thickness of the AlGaAs shell in the nanowires and 
the drift velocity of carriers in AlGaAs[16], the capture 
lifetime ( cap) for carriers is a few ps. Assuming AlGaAs 
has a similar ‘B’ or radiative recombination coefficient 
as GaAs[17], the radiative recombination lifetime, r, of 
carriers in AlGaAs under the optical excitation condi-
tions used in our experiments is ~ 1 s. Since the non-ra-
diative capture process is much faster than the radiative 
recombination process, the QE of the AlGaAs shell can 
be approximated as  and is very low. For this reason, 
the PL spectrum from the nanowire shows only GaAs 
emission, peaked at ~870 nm.

We couple the nanowires to plasmonic cavities by de-
positing Ag nanoparticles on their surface using a sput-
ter deposition system (inset of Figure 2). The nanowire-
metal nanoparticle interface supports surface plasmon 
polaritons (SPPs) that are reflected from either end of 
the nanoparticle. The reflections cause standing waves 
and a dipole positioned at the anti-node of the stand-
ing wave experiences faster recombination lifetimes due 
to the Purcell effect.[18] The PL spectrum of the na-
nowire coupled to the Ag nanoparticles is also shown 
in Figure 2 and shows two peaks, one corresponding to 
the band edge emission of GaAs and one at higher en-
ergy (shorter wavelength) corresponding to the emission 
from the AlGaAs shell. The observation of the AlGaAs 
shell emission is an indication that the radiative recom-
bination lifetime of carriers in the AlGaAs shell has been 
reduced to a value comparable to the capture lifetime of 
carriers. The very small radiative recombination lifetime 
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of carriers in the AlGaAs shell results in an increase in 
the quantum efficiency of the shell (Eqn. 1). Since the 
Purcell effect in this particular cavity configuration is a 
result of SPPs supported at the metal-semiconductor in-
terface the effect of the nanoparticles is limited to only 
few nanometers from the surface of the nanowire[19], 
and the GaAs core emission is not significantly affected.

Figure 2: Photoluminescence (PL) spectra from a bare 
nanowire and a nanowire coupled to the Ag nanoparticles. 
Inset shows a scanning electron microscope image of Ag 
nanoparticles deposited on the surface of a nanowire.

Another approach to couple the nanowires to reso-
nant cavities is to transfer the nanowires on to a foreign 
substrate following growth and coat the sample with a 
layer of Au, forming ‘Ω’ shaped cavities around the na-
nowires, as shown in Figure 3(a). The spectral position 
of the resonant modes supported by the nanowires cou-
pled to the ‘Ω’ shaped cavities is shown in Figure 3(b). 
These modes lack the characteristics of purely photonic 
or plasmonic modes but possess qualities of both plas-
monic and photonic nature: (i) the quality factor of the 
resonant modes (e.g., ~50 for mode I) supported in the 
cavity is approximately an order of magnitude smaller 
than the typical value for purely photonic modes[2], 

(ii) the mode volume (e.g.,  for mode I) is higher 
than that expected for purely plasmonic modes, (iii) the 
mode volume is diffraction limited as is typical for pho-
tonic modes, (iv) the electromagnetic field distribution 
across the nanowire cross-section at the resonance posi-
tion shows field concentration in the low index native 
oxide layer formed between the nanowire and the Au 
layer as is expected for plasmonic modes. For these rea-
sons, we refer to these modes as hybrid plasmonic−pho-
tonic modes.

For a nanowire diameter of 150 nm, the geometry 
supports resonant modes at the bandgap of the GaAs core 
and the AlGaAs shell. Figure 3(c) shows the PL spectra 
from an as-grown nanowire and a nanowire coupled to 
the ‘Ω’ shaped Au cavity. The nanowire coupled to the 
cavity shows enhanced GaAs core emission and AlGaAs 
shell emission, again due to Purcell enhancement caused 
by the resonant modes supported in the nanowire. Un-
like the cavities formed by discrete Ag nanoparticles de-
posited on the nanowire surface, the effect of the hybrid 
plasmonic-photonic modes supported by the ‘Ω’ shaped 
cavities is not limited to the near-field of the metal, but 
extends into the core of the nanowire. The increase in 
quantum efficiency of the GaAs layers in the nanowire 
coupled to the cavity can be quantified from the increase 
in PL emission intensity and changes in minority carrier 
lifetimes with respect to the bare nanowire[20] and is 
estimated to be a factor of 3. It is important to note here 
that this quantum efficiency enhancement is for a sur-
face passivated GaAs nanowire and is the highest value 
reported to date.

Waveguiding Properties of Nanowires
Due to the typical shape and size and the high refractive 
index, III-V semiconductor nanowires behave as wave-
guides. Assuming nanowires are perfect cylinders, Eqn. 

Figure 3: (a) Schematic and cross-section transmission electron microscope (TEM) image showing the ‘Ω’ shaped cavity 
formed around a nanowire. The schematic shows illumination configuration for optical experiments. The nanowire 
is excited from the substrate side and PL is also collected from the substrate side. The TEM image shows a 4 nm thick 
native oxide layer between the nanowire surface and Au. (b) Spectral position of resonant modes supported in a nanowire 
coupled to the ‘Ω’ shaped cavity. The modes are labelled I, II, III and IV. (c) Photoluminescence (PL) spectra from a bare 
nanowire and a nanowire coupled to the ‘Ω’ shaped cavity.

 (a) (b) (c)
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2 represents the dispersion relationship for the resonant 
modes supported in the nanowires:

where m is an integer representing the azimuthal order 
of the solution, Jm represents a Bessel function, Hm rep-
resents a Hankel function of first kind, k is the transverse 
or in-plane component of wave-vector,  kz is the longi-
tudinal or the axial wave-vector, R is the radius of the 
nanowire and the subscript ‘n’ denotes quantities inside 
the nanowire. Three different classes of solutions are pos-
sible for the above equation. Purely transverse electric 
(TE) and transverse magnetic (TM) solutions where Ez 
and Hz, respectively, are 0 exist for m = 0 and kz ≠ 0. 
Hybrid modes (EH or HE) exist for m ≠ 0 and kz ≠ 0 
where all three components of electric field and all three 
components of magnetic field are non-zero. Leaky mode 
solutions or whispering gallery-like mode solutions exist 
for kz = 0 where the Poynting vector is in a plane per-
pendicular to the axis of the nanowire. These guided or 
resonant modes supported in the nanowires manifest in 
different ways influencing the performance and charac-
teristics of nanowire based optoelectronic devices.

Nanowire Lasers
The shape of the nanowire means that nanowires provide 
both the gain medium and the cavity necessary for las-
ing, enabling compact photonic lasers. For conventional 
waveguide modes (kz ≠ 0), the nanowire end facets or 
the nanowire-air facets act as reflectors and the nanowire 
behaves as a Fabry-Perot cavity. Inset in Figure 4 shows 
an optical image of emission from a nanowire Fabry-Per-
ot cavity formed by separating the nanowires from the 
growth substrate superimposed on the scanning electron 
microscope image of the nanowire itself. The nanowires 
in the image are still standing vertically on the growth 
substrate. The multitude of guided modes supported in 
a nanowire offer the possibility of controlling the an-
gular emission pattern and polarization response of the 
nanowire lasers at will.

“The shape of the nanowire means 
that nanowires provide both 
the gain medium and the cavity 
necessary for lasing enabling 
compact photonic lasers.”

The threshold condition for observing lasing is given 
by Eqn. 3, where  is the mode confinement factor, gth 
is the threshold gain, k0 is the free space wave vector, ng 
is the group index of the mode and Q is the quality fac-
tor of the resonant mode. Unlike in the case of conven-
tional laser designs where  ≤ 1, the strong waveguiding 
properties of nanowires result in  ≥ 1. The large modal 
confinement factor is a consequence of high group indi-
ces[21] for the guided modes.

Figure 4 shows the cavity ‘Q’ factor for different guided 
modes supported in a nanowire suspended in air with 
refractive index ~3.65 as a function of diameter.  For 
small diameter nanowires (d < 400 nm) the conven-
tional modes (kz ≠ 0) have higher Q and hence would 
require lower threshold gain than the whispering gallery-
like modes (kz = 0) and for large diameter nanowires (d 
> 450 nm) whispering gallery-like modes would require 
lower threshold gain.

Figure 4: Cavity Q factor for different guided modes 
supported in a nanowire suspended in air as a function of 
nanowire diameter. Nanowire index of 3.65, length of 5 μm 
and free space wavelength of 870 nm have been used for 
estimating the Q-factors for conventional guided modes. 
Inset shows optical image of emission from a nanowire 
Fabry-Perot cavity superimposed on scanning electron 
microscope (SEM) image of nanowires. The optical image 
is for a nanowire separated from the growth substrate; the 
SEM image shows nanowires standing vertically on the 
growth substrate.

Figure 5 shows unpolarized and polarized images of two 
different nanowire lasers. The nanowires have average 
diameters of ~200 nm and ~280 nm. The smaller diam-
eter nanowire is expected to lase from the lowest order 
HE mode and the larger diameter nanowire is expected 
to lase from the lowest order TE mode (Figure 4). The 
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change in the lasing mode results in very different po-
larization response and the angular emission distribu-
tion pattern from the two nanowire lasers. The ability to 
control the polarization response and angular emission 
pattern can be used to design nanowire lasers suitable 
for efficient coupling of output to other active/passive 
optoelectronic components on the same substrate.

Figure 5: Un-polarized and polarized images of a nanowire 
lasing from the lowest order HE and TE guided modes.

Nanowire Solar cells
The waveguiding properties of high index III-V semi-
conductor nanowires makes them extremely interesting 
for solar cell applications. The efficiency with which light 
is absorbed in a nanowire is represented by its absorption 
cross section, Cabs. Figure 6(a) shows the numerically 
evaluated absorption cross section of a 2 m long InP 
nanowire, for light incident along its axis, as a function 
of diameter and wavelength. The data features resonant 
branches due to efficient coupling of incident light to 
HE1n guided modes.[26] Resonance in Cabs occurs when 
the mode confinement inside the nanowire and the spa-
tial overlap between the mode and the incident light are 

significant.[22] The dashed lines in Figure 6(a) show the 
calculated resonance positions for HE11, HE12 and HE13 
modes. The resonance position is the maximum of the 
product of the mode confinement factor and the spa-
tial overlap of the mode profile with the incident plane 
wave. Very good agreement between the numerically 
evaluated resonance position and the resonance position 
estimated using the confinement factor and the overlap 
between incident light and the guided modes supports 
attributing Cabs resonances to HE1n guided modes.

“The nanowires thus have the 
inherent ability to concentrate 
light and integrate the absorbing 
material with a light concentrator.”

Figure 6(b) shows Cabs normalized to the nanow-
ire cross-section area or the projected area (Aproj = r2) 
where r is the radius of the nanowire. The normalized 
absorption cross-section, Qabs, is also referred to as the 
absorption efficiency. The nanowires have absorption ef-
ficiency significantly larger than 1. Inset in Figure 6(b) 
shows the Poynting vectors on a plane normal to and 
halfway along the axis of the nanowire. For a plane wave 
propagating along the axis of the nanowire, the Poynting 
vectors should be pointing into the plane of the paper. 
However, in the area bounded by the white circle in the 
inset of Figure 6(b), the Poynting vectors are pointing 
toward the nanowire, indicating power being drawn 
into the nanowire from its surroundings. The greater 
than 1 Qabs and the Poynting vector behavior around the 
nanowire can be interpreted as incident light being con-

Figure 6: (a) Absorption cross-section, Cabs and (b) Absorption efficiency, Qabs for a 2 μm long InP nanowire for illumination 
along the axis of the nanowire. The dashed lines in (a) represent the calculated resonance position for HE11, HE12 and 
HE13 modes. Inset in (b) shows the Poynting vectors on a plane perpendicular to the nanowire axis when the nanowire is 
illuminated with a plane wave propagating along its axis. (c) Schematic illustration of the light funnelling or concentration 
effect inherent to nanowires.v
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centrated into the nanowire as shown in the schematic 
in Figure 6(c); and the Qabs can be approximated as the 
concentration factor. The nanowires thus have the inher-
ent ability to concentrate light and integrate the absorb-
ing material with a light concentrator.

The variation of Qabs with wavelength of incident 
light is what makes the nanowires very interesting for 
solar cell applications. The spectral region correspond-
ing to the peak of Qabs is selectively concentrated in na-
nowires. Hence nanowires act as selective spectral con-
centrators. This behavior is very different from ‘normal’ 
concentration used for increasing the current generated 
from a solar cell. The conventional limits for power con-
version efficiency thus no longer hold for nanowire solar 
cells and the nanowire solar cell behavior should be ana-
lyzed taking into account the wavelength (or the nanow-
ire size) dependent concentrator effect.

The spectral concentration results in very high short 
circuit current density from the nanowire solar cell and 
results in very high ‘apparent’ efficiency. The efficiency 
is termed ‘apparent’ since the output power generated 
from the solar cell is due to light concentration effect 
inherent to nanowires, but it is normalized to incident 
power density of 1 sun. Recently, a very large short-
circuit current density, Jsc, of 180 mA/cm2 and an ‘ap-
parent’ efficiency, a, of 40% was achieved for a solar 
cell based on single vertical GaAs nanowire. This value, 
however is very low compared to the efficiency achiev-
able in optimum-sized nanowires leaving lots of room 
for further improvement.

To summarize, III-V semiconductor nanowires offer 
the possibility of unveiling new physics and conceptual 
advancements in the field of optoelectronic devices. The 
unique geometry of the nanowires that makes them 
promising for optoelectronic device applications may 
also lead to some significant challenges from the materi-
als point of view. This article discusses two approaches to 
overcome these issues and make nanowires suitable for 
optoelectronic device applications. We have discussed 
how the waveguiding properties of nanowires can be ex-
ploited for devices like lasers and solar cells. Looking for-
ward, the nanowire optoelectronic device performance 
can be further improved by incorporating quantum 
confined semiconductor structures like quantum wells 
or quantum dots into the nanowires. By doing so, we 
can simultaneously take advantage of the resonant opti-
cal phenomena inherent to nanowire geometry and the 
improved gain and tunable bandgap characteristics of 
the quantum confined regions.
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Spin is, of course, a totally non-classical property. It cor-
responds to the intrinsic angular momentum of a parti-
cle even when it is at rest; that is, even when its orbital 
angular momentum is zero. The spin of the electron is 
1/2, in units of Planck’s constant divided by 2π  and 
since all spins are naturally measured in these units from 
now on we simply say it has spin 1/2. Dirac’s relativistic 
formulation of a wave equation provided a natural ex-
planation of  the origin of this property, with the solu-
tion of  that famous equation being a four-component 
vector; the upper two components describing a spin up 
or spin down particle with positive energy and the lower 
two components a negative energy particle with spin 
up or down. In quantum field theory the absence of a 
negative energy particle with spin down is naturally in-
terpreted as a positive energy anti-particle with spin up.

Surely this is “game over”?  Dirac won his Nobel 
Prize, what more could there be to say? 

Actually, the situation for the proton is far more fas-
cinating, because it is not an elementary Dirac particle. 
The first hint of this came at the start of the 1930’s with 
the discovery by Estermann and Stern that, contrary to 
expectations based on the Dirac equation, the magnetic 
moment of the proton was not equal to the nuclear mag-
neton  but rather . The differ-
ence is known as the anomalous magnetic moment of 
the proton. (It is fascinating to note that Tomonaga [1] 
recounts the story, possibly true, that while the experi-
ment was underway Pauli heavily criticized Stern, asking 
“didn’t he know the Dirac theory”.) This remarkable re-
sult immediately established that the proton was not an 
elementary Dirac particle!

More than 20 years later, electron scattering experi-
ments at Stanford showed that the proton had a charge 
distribution that was not point-like but rather like a 
Gaussian with a mean-square radius of more than 0.8 
fm, where one femtometer, or fermi, written fm, is equal 
to 10-15m and is the natural unit for subatomic phys-

ics. With an anomalous magnetic moment and its own 
charge distribution, it was clear that the proton could no 
longer be thought of as an elementary particle but must 
be made from more fundamental constituents.

At the same time, high energy physicists were faced 
with a proliferation of newly discovered, strongly inter-
acting particles, not all of which could be elementary. 
Faced with this, Gell-Mann and Zweig [2] proposed the 
existence of “quarks”: three types of elementary, spin-1/2 
fermions labelled up, down and strange, with charges 
+2/3, -1/3 and -1/3 times the proton charge, respectively. 
Searches for these hypothetical new objects in places as 
diverse as moon rocks and deep-sea sediments all failed. 
As a consequence, it was concluded that somehow these 
quarks were hidden or “confined” inside strongly inter-
acting particles (such as the proton and neutron) in such 
a way that they could not escape.

“With an anomalous magnetic 
moment and its own charge 
distribution, it was clear that the 
proton could no longer be thought 
of as an elementary particle 
but must be made from more 
fundamental constituents.”

As unlikely as this seems, it does appear to be the case 
and the explanation of this bizarre property seems even 
more unlikely. To overcome a technical problem, namely 
the discovery of a particle called the Delta with charge 
+2 (written ), consisting of three up quarks with 
spins all pointing up in apparent violation of the Pauli 
exclusion principle, the quarks were given an additional 
property called “colour”, with each type coming in three 
possible colours, red, green and blue. The Pauli principle 
could then be satisfied by anti-symmetrising the colour 
wave function.

Origin of the Spin of the Proton 
Anthony W. Thomas
ARC Centre of Excellence for Particle Physics at the Terascale and ARC Special Research Centre for the Subatomic 
Structure of Matter, Department of Physics, University of Adelaide, Adelaide, SA 5005, Australia

Familiar though it may be, the proton still holds many mysteries. We now know that far from being an 
elementary Dirac particle it is composed of quarks and gluons which interact extremely strongly. Of 
course, it does have spin-1/2 but understanding how that spin is carried by the internal constituents has 
proven to be an enormous challenge that has only been resolved in the last couple of years. 
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Quantum Chromodynamics (QCD)
Only in the early 70’s, with the work of Gell-Mann, 
Fritzsch and Leutwyler [3], did the true power of this ap-
parently ad-hoc new concept of colour start to become 
apparent.  Inspired  by the success of the unification of 
the weak and electromagnetic forces by Glashow, Salam 
and Weinberg, these authors constructed a local gauge 
theory of the strong force, called Quantum Chromo-
dynamics, or QCD for short. In their formulation the 
guiding principle was that one could arbitrarily redefine 
the colour of a quark at every point in space-time with-
out changing the theory. As in QED, where the guiding 
principle is that one should be able to redefine the phase 
of the electron wave function at each point in space-time 
without changing the theory, this requires the existence 
of new, spin-1 bosons, called gluons in QCD. The ex-
change of these gluons is the origin of the strong force. 
In QED the corresponding bosons are the photons and 
all of the properties of electromagnetism follow from 
this underlying principle, known as local gauge invari-
ance. 

Unlike in QED, the gauge bosons of QCD must 
interact with each other and that leads to two remark-
able new features. First, the force between quarks is 
not only very strong (of order 10 tonnes weight) but 
it does not drop off with separation, rather it remains 
constant at large distance. Hence it costs infinite energy 
to pull quarks totally apart and this naturally explains 
why quarks are confined. Second, when quarks are close 
together the force gets logarithmically weaker, a feature 
known as “asymptotic freedom”. In practical terms, this 
means that when we probe a proton with a high ener-
gy particle, such as an electron, muon or neutrino, the 
quarks can essentially be treated as free particles. This 
phenomenon is critical to the famous proton spin crisis.

By the late 1980’s QCD was securely established 
as the theory of the strong force. The quark model of 
the strongly interacting particles was also very success-
ful. The spectra of the hundreds of strongly interacting 
fermions could be reproduced quite well in terms of a 
simple shell model for three quarks. As usual, since the 
nucleon is the ground state, it was viewed as three spin-
1/2 quarks occupying the lowest state with angular mo-
mentum zero (an s-state) in some confining potential. 
The spin of the nucleon, which is now the total angular 
momentum of all the constituents, is therefore just the 
sum of the spins of the three constituent quarks. That is, 
the quarks carry 100% of the spin of the nucleon.

“The spectra of the hundreds of 
strongly interacting fermions 
could be reproduced quite well in 
terms of a simple shell model for 
three quarks.”

In a slightly more sophisticated treatment it was real-
ized that the quark motion should be treated relativisti-
cally, using (say) the Dirac equation. For a particle in an 
s-state, the lower two Dirac components (recall that the 
Dirac wave function has four components), which have 
opposite parity, consist of p-wave orbital motion cou-
pled to spin-1/2 to give total angular momentum 1/2. 
The Clebsch-Gordan coefficients favour (in the ratio 
2/3:1/3) the quark spin pointing down rather than up. 
As a consequence, the relativistic motion of the confined 
quarks leads us to expect that only about 65% of the 
proton spin should be carried as quark spin, with the 
remainder being orbital angular momentum.

The Spin Crisis
This was the expectation when the European Muon Col-
laboration (EMC) at CERN carried out an experiment 
in which polarised muons of enormous energy (of order 
200 GeV, or 2 x 1011 eV) were observed scattering deep-
inelastically (see below) from polarised protons. We first 
note their result: the fraction of the proton spin carried 
by the spin of its quarks was 14 ± 10% [4], consistent 
with zero within the errors and certainly nowhere near 
65%! This became known as the proton spin crisis and 
has already inspired more than a thousand publications 
and new experiments costing tens of millions of dollars 
at CERN, BNL (Brookhaven National Laboratory in 
New York – see Figure 1) and JLab (Thomas Jefferson 
National Accelerator Facility in Virginia – see Figure 2), 
amongst others.

Figure 1: The Relativistic Heavy Ion Collider at Brookhaven 
National Laboratory (New York) where experiments 
involving ultra-high energy colliding beams of polarized 
protons provided a vital constraint on the amount of spin 
carried by gluons. Image credit: Brookhaven National Laboratory
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To understand the significance of the EMC measure-
ment we need to briefly return to the late 1960s (well 
before the existence of quarks was established) and the 
first experiments with high energy electrons at SLAC 
(Stanford Linear Accelerator Center). The simplest ex-
periment that could be performed with such a new facil-
ity was to simply hit matter with the beam and measure 
the scattered electrons as a function of energy and mo-
mentum, after they destroy the target nucleus. In the 
region where the energy transferred to the target (e.g., 
a proton), labelled v, was greater than (say) 2 GeV and 
the four-momentum transfer squared (Q2) greater than 
2 GeV2, this is called “deep-inelastic scattering” (DIS).

Figure 2: The US Dept. of Energy’s Thomas Jefferson 
National Accelerator Facility in Newport News VA, which 
continues to produce extremely valuable information on 
the structure of the proton using high energy polarised 
electron beams.
Image credit: Thomas Jefferson National Accelerator Facility

By analogy with Rutherford’s discovery of the nucle-
us at the start of the 20th Century, this DIS data showed 
that the electrons seemed to be scattering from point-
like (and therefore elementary) particles moving more 
or less freely within the proton. Not wanting to identify 
these with Gell-Mann’s quarks, Feynman labelled them 
“partons”. However, within a decade it became clear that

“...Feynman labelled them 
“partons”. However, within a 
decade it became clear that... the 
partons were, in fact, quarks”

the partons had exactly the charges for weak and elec-
tromagnetic interactions that the quarks were expected 
to have and that the partons were, in fact, quarks (and 
gluons).

Critical to the quantitative interpretation of these 
measurements is the property of asymptotic freedom, 
mentioned earlier. Indeed the leaders of the experiment, 
Friedman, Kendall and Taylor, were awarded the Nobel 
Prize for their work in establishing the existence of quarks 
and this astounding property of QCD.[5] In fact, using 
this property, within a DIS experiment one can map out 
the so-called parton distribution functions (PDFs). For 
example, the PDF u  (x, Q 2) is the number density of 
up quarks with momentum xP (where x  = Q 2/(2mp v)) 
and with spin up (indicated by the superscript upwards 
arrow) in a proton with spin up in a frame where it has a 
very large momentum, P. The additional argument, Q 2, 
recognises that this number density depends on the res-
olution, characterised by the four-momentum squared 
transferred to the proton.

The beauty of DIS is therefore that we can map 
out the distribution of momentum and spin carried 
by each type, or “flavour”, of quark.[6] From the spin-
dependent DIS measurements one can extract the so-
called spin-dependent structure function, g1 (x, Q2) 
This, in turn, is expressed in terms of the quantities  ∆u 
(x, Q2), ∆d (x, Q2) and ∆s (x, Q2), multiplied by the 
square of their electromagnetic charges. Here, for exam-
ple, ∆u (x, Q2) = u  (x, Q2) - u  (x, Q2), measures the 
polarisation of the up quarks as a function of their mo-
mentum fraction, x. Since q and ∆q (where q = u, d, s) 
are number densities, the integrals:

represent the fraction of the spin of the proton carried 
by quarks of flavour q. It is common to denote the spin 
fraction carried by the quarks as ∑ and thus at scale Q2 
we find:

It is ∑(Q 2) that was found to be very small (14 ± 10% ) 
in the EMC measurement.

The Axial Anomaly - an exciting diversion
Very soon after the announcement of the spin crisis it 
was realized that a fascinating and poorly understood 
property of QCD might offer a resolution. As explained 
by Adler and others for QED, the technical requirements 
of chiral symmetry and gauge invariance come into con-
flict when evaluating matrix elements of the axial cur-
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rent. This is far too technical for the present discussion. 
In summary, for the spin crisis it meant that there is a 
correction to the gauge invariant value of ∑(Q 2) coming 
from the naive quark spin. This is written as:

where nf the active number of quark flavours (3 in this 
case), s (Q 2)~0.3 is the strong coupling constant at the 
scale of the four-momentum transfer squared in the ex-
periment and ∆G(Q 2) is the fraction of the spin of the 
proton carried by gluons (the force carrying analogues 
of the photon in QCD). If ∆G(Q 2) were of order 4, 
the spin crisis would be resolved (i.e., 0.65 would be re-
duced by the anomalous term to a value near zero).

Even leaving aside the astonishing idea that a spin-
1/2 proton would have four units of that spin carried 
by polarized gluons, the contribution from the axial 
anomaly is a remarkable thing. In particular, the strong 
coupling vanishes logarithmically as Q 2 becomes large 
(asymptotic freedom) and so it looks as though this cor-
rection term should vanish at high momentum transfer. 
However, it turns out that as we probe gluons at smaller 
and smaller distances (or larger and larger values of Q 2) 
∆G(Q 2) grows logarithmically and the product has a  
non-zero limit, which cannot be ignored. Loosely speak-
ing, as the resolution increases a polarized gluon splits 
into pairs of polarized gluons and the favoured term 
has both gluons polarized in the same direction as the 
original with angular momentum conservation ensured 
through their orbital angular momentum. The prolifera-
tion of gluons polarized the same way leads to growth 
in ∆G(Q 2). This realization so excited the high energy 
physics community that many hundreds of theoretical 
papers followed on the topic and major experimen-
tal programs were developed, primarily at CERN and 
RHIC (at Brookhaven National Laboratory), to meas-
ure ∆G(Q 2).[7]

Only in the past few years have the results of these 
experiments become clear. We now know that ∆G(Q 2) 
is much, much smaller than 4, probably more like 0.1 
at Q 2 ~ 4 GeV2 . Thus the axial anomaly is essentially 
irrelevant to the EMC spin crisis.

In parallel with the measurements of ∆G(Q 2) major im-
provements in the measurement of the proton spin struc-
ture function have led to slightly larger values of ∑ (Q2) 
which is now of order 0.33 ± 0.05, still considerably 
smaller than the relativistic quark model expectations 
of 0.65.

The Conversion of Spin to Orbital Angular 
Momentum
Within a few months of the appearance of the EMC 
preprint around Christmas in 1987, my group present-
ed  two mechanisms which would lead to a reduction 
in ∑(Q 2). The first work, involving Andreas Schreiber, 
a post-graduate student in Adelaide, showed that when 
a proton emits a pion (or pi-meson) the spin of the nu-
cleon flips and the pion tends to carry +1 unit of angu-
lar momentum.[8] This is a simple consequence of the 
corresponding Clebsch-Gordan coefficients and has the 
effect of converting the spin carried by the quarks in the 
naive quark model into orbital angular momentum of 
the quark-anti-quark pair within the pion. This mecha-
nism is illustrated in Figure 3.

Figure 3: Illustration of how pion emission converts quark 
spin up (left) to quark spin down and pion orbital angular 
momentum up.

The origin of pion emission and absorption, while it 
can be qualitatively understood simply in terms of the 
Heisenberg Uncertainty Principle, has very deep roots 
in the chiral symmetry of the underlying theory of the 
strong force, namely QCD. It is both required and con-
trolled by that symmetry and so, in a deep sense, the 
reduction of the quark spin through this mechanism is 
a direct consequence of the chiral symmetry of QCD.

The second correction, worked out during the course 
of a brief sabbatical visit with Fred Myhrer at the Uni-
versity of South Carolina, was more technical. In the 
language of nuclear physics, we pointed out that the 
spin dependent one-gluon-exchange force, used univer-
sally in the spectroscopy of the quark model, implied 
that there must be an exchange current correction in-
volving  the  creation of virtual quark-anti-quark pairs 
with the anti-quark in a p-state, carrying orbital angular 
momentum.[9]

Only in this century, with new insights into QCD 
based on supercomputer studies (called lattice QCD), 
was it proven that it was possible to add these two correc-
tions without fear of double counting. Indeed, together 
they essentially account for the modern experimental 
value of ∑(Q 2). At the qualitative level, we have the re-
markable result that more than half of the total angular 
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momentum of the proton, called its spin, is carried as or-
bital angular momentum of the quarks and anti-quarks 
which make up its internal structure.[10]

While we have outlined the meaning and resolution 
of the famous proton spin crisis, a great deal of further 
work remains to be done to completely resolve the spin 
structure of the proton. While polarized gluons may 
have no significant role through the axial anomaly, a 
value of ∆G of order 0.1 is significant on the scale of the 
total proton spin of 1/2 and the detailed decomposition 
of the various contributions to the proton spin will only 
be resolved through intense future work at CERN, Jef-
ferson Lab and RHIC. Supercomputer simulations of 
QCD on a space-time lattice will also play a crucial role.
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BOOK REVIEWS
How the ray gun got its 
zap
by Stephen R. Wilk 
Oxford University Press (2013) 
Hardback, 272 pages 
ISBN: 9780199948017

Reviewed by Helen Maynard-Casely, Bragg 
Institute, ANSTO.

‘How the ray gun got its Zap’ is 
a collection of essays written and 

collated by Stephen R Wilk, originally written for Op-
tics and Photonics News, and The Spectrograph.  The 
book is subtitled ‘Odd excursions into optics’ and the 
essays proceed to cover a vast number of topics across 
optical physics.  Wilk successfully weaves the subject of 
optics into the discussion and pulls out its implications 
for a number of everyday (and not so everyday) phe-
nomena.  In each essay Wilk builds from the vast his-
tory surrounding the topic, painstakingly endeavouring 
to uncover the original sources of oft thought ‘inherent 
knowledge’.  He covers more ‘usual’ popular topics (such 
as why the rainbow is nominally divided into seven col-
ours) to ones that have you thinking a bit more (such as 
the possibility of ‘glowing gems’ as foretold by many an 
ancient tale and what a cat would do with a laser). 

The book has three sections, dividing the essays into 
ones that loosely fit into History, Weird Science or Pop 
Culture.   Despite the sub-division, most of the essays do 
centre about the history of each topic (including the first 
appearance of a ‘zap’ sound to accompany the use of a ray 
gun).  The unfortunate side effect of the format means 
that the book is a disjointed read, with some repetition 
of themes.  This does have the advantage, though, that it 
is a book that can be picked up and put down at various 
intervals.  I wondered if the work would have been more 
coherent if Wilk had collated his research under the sec-
tions he had defined.   

One of the stories I unearthed in this book is the 
tragic tale of a young Edinburgh scientist, Thomas 
Mevill, who died at 27 after coming tantalisingly close 
to discovering the science of spectroscopy.  A further in-
triguing essay is that on the search for a ‘edible laser’ (it 
involves gin, apparently).  I thought that those already 
entrenched within the topic of optics would enjoy the 
level of research that Wilk has undertaken in this book, 
however I’m not sure how much this would appeal to 
the general reader.  I’m afraid that Wilk’s plan of ‘educa-
tion by stealth’, as outlined in his foreword, needs to be 
a bit stealthier to excite the masses to optics.  

Tensor Calculus for 
Physics: A Concise Guide
by Dwight Neuenschwander 
Johns Hopkins University Press (2014) 
Paperback, 264 pages 
ISBN: 9781421415659

Reviewed by Luke Barnes, Sydney Institute 
for Astronomy, University of Sydney.

If your introduction to tensors 
was anything like mine, it was 

crammed into the first few lectures of a course on Gen-
eral Relativity. Manifolds, mappings and metrics all went 
past in something of a blur. It seemed like an unreason-
able burden on the lecturer to have to teach a course 
in physics that used mathematical tools with which the 
students were completely unfamiliar.

Given more time to present tensors, some textbooks 
(e.g. Peter Szekeres’s admirable “A Course in Modern 
Mathematical Physics”) take a mathematics first ap-
proach: define a vector space in terms of its axioms, then 
dual vectors are linear mappings from vectors to reals, 
and finally an (r,s) tensor is a multilinear mapping from 
r vectors and s dual vectors to the reals. Change bas-
es, transform components, shuffle some indices up and 
down, and we’re ready to apply our new mathematical 
tool to some physics.

Dwight Neuenschwander’s “Tensor Calculus for 
Physics: A Concise Guide” takes a different approach. 
After a reminder of familiar vectors in Euclidean space, 
we jump straight into the physics, showing how the in-
ertia and electric quadrapole tensors naturally arise in 
theories with which the reader is presumably familiar. 
The need for our equations to be independent of any 
imposed coordinate system motivates the all-important 
transformational properties of tensors.

The introduction of the metric tensor, the affine con-
nection, the covariant derivative and the Riemann ten-
sor follow the same script. We begin in Euclidean (or 
Minkowskian) space, explain the intuition, stay close to 
the physics, and translate back into more familiar math-
ematics (grad, curl, div and all that) as practice.

The result is a surprisingly pain-free introduction to 
modern tensors. In Chapter 6, Einstein’s field equation 
of General Relativity can be motivated (if not rigorously 
derived) in just a few pages. There is also an excellent 
demonstration of how the covariant formulation of elec-
tromagnetism follows from its div and curl formulation.

The final two chapters introduce the tensor’s more 
modern cousins: manifolds, coordinate-free geometry, 
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multilinear forms and exterior derivatives. The discus-
sion remains lucid but is not put to much use. Maxwell’s 
equations can be expressed in terms of differential forms, 
but does it make them any easier to solve or analyse? Or 
is it just pretty?

In a “concise guide”, there are inevitably a few places 
where we must be told “it turns out that ...”. Even within 
its chosen topics, the book is not totally self-contained, 
referencing other textbooks for more information and 
missing proofs. In spite of this, it is not clear what the 

student should study next. Given the books limited pur-
view, a useful addition would be a guide to textbooks 
that teach more advanced topics in tensor physics.

Discussion questions and exercises are provided at 
the end of each chapter, and fit neatly with the books 
intuitive, physics first approach.

This book aims to introduce tensors to physics stu-
dents to whom they are unfamiliar, intriguing and frus-
trating, and succeeds splendidly.

SAMPLINGS
Carbon dioxide’s contribution to greenhouse 
effect monitored in real time
Scientists in the US have made the first direct measure-
ment of the increase in the greenhouse effect caused by 
rising carbon-dioxide levels in the atmosphere. Their 
ground-based observations were carried out over a pe-
riod of 11 years at two different locations – Oklahoma 
and Alaska – and show that infrared emissions from car-
bon dioxide have increased during that time in agree-
ment with theoretical predictions for man-made climate 
change. Their study also includes the first direct observa-
tion of the large annual dip in greenhouse heating that 
occurs in spring, when there is a sharp increase in the 
uptake of carbon dioxide by plants.

Ice cube: the Atmospheric Emitted Radiance Interferometer 
in Alaska

Much of the near-infrared, visible and ultraviolet 
light from the Sun passes straight through the atmos-
phere and warms the surface of the Earth. The warm 
surface emits infrared light that gets absorbed by carbon 
dioxide and other atmospheric gases, before being re-
emitted in all directions. Much of this emission is down-
wards, making the surface of the Earth warmer than if 
it had no atmosphere. The strength of this greenhouse 
effect is quantified in terms of “radiative forcing” – the 

difference between the rate at which solar energy is ab-
sorbed by the Earth and the rate at which it is radiated 
back into space.

Although the role of carbon dioxide as a greenhouse 
gas has been well established by lab experiments, scien-
tists have struggled to measure its effect in the real atmos-
phere, which contains a mixture of different greenhouse 
gases, as well as clouds and other weather-related phe-
nomena. Now, however, Daniel Feldman and colleagues 
at the Lawrence Berkeley National Laboratory and other 
institutes in the US have used two ground-based Atmos-
pheric Emitted Radiance Interferometer (AERI) facili-
ties to measure how much infrared light is returned to 
the surface of the Earth from carbon dioxide alone. Ac-
cording to Feldman, the team has also “controlled for 
other factors that would impact our measurements, such 
as a weather system moving through the area”.

Feldman and colleagues examined a total of 8,300 
measurements made in Oklahoma and 3,300 made in 
northern Alaska between 2000 and 2010. They found 
that radiative forcing by carbon dioxide has increased in 
both locations at a rate of about 0.2 W m–2 per decade. 
To put that into perspective, scientists have calculated 
that the total forcing today caused by human-related 
carbon-dioxide emissions since the start of the Industrial 
Revolution is about 1.82 W m–2.
[D.R. Feldman et al., Nature (2015), doi:10.1038/na-
ture14240]

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

Smaller fusion reactors could deliver big 
gains
Researchers from the UK firm Tokamak Energy say that 
future fusion reactors could be made much smaller than 
previously envisaged – yet still deliver the same energy 
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output. That claim is based on calculations showing that 
the fusion power gain – a measure of the ratio of the 
power from a fusion reactor to the power required to 
maintain the plasma in steady state – does not depend 
strongly on the size of the reactor. The company’s find-
ing goes against conventional thinking, which says that 
a large power output is only possible by building bigger 
fusion reactors.

Size may not be everything in tokamak design

The largest fusion reactor currently under construc-
tion is the €16bn ITER facility in Cadarache, France. 
This will weigh about 23,000 tonnes when completed in 
the coming decade and consist of a deuterium–tritium 
plasma held in a 60 m-tall, doughnut-shaped “tokam-
ak”. ITER aims to produce a fusion power gain (Q) of 
10, meaning that, in theory, the reactor will emit 10 
times the power it expends by producing 500 MW from 
50 MW of input power. While ITER has a “major” plas-
ma radius of 6.21 m, it is thought that an actual future 
fusion power plant delivering power to the grid would 
need a 9 m radius to generate 1 GW.

The new study, led by Alan Costley from Tokamak 
Energy, which builds compact tokamaks, shows that 
smaller, lower-power, and therefore lower-cost reactors 
could still deliver a value of Q similar to ITER. The work 
focused on a key parameter in determining plasma per-
formance called the plasma “beta”, which is the ratio of 
the plasma pressure to the magnetic pressure. By using 
scaling expressions consistent with existing experiments, 

the researchers show that the power needed for high fu-
sion performance can be three or four times lower than 
previously thought.

The researchers propose that a reactor with a radius 
of just 1.35 m would be able to generate 180 MW, with 
a Q of 5. This would result in a reactor just 1/20th of the 
size of ITER. 
[A.E. Costley et al 2015 Nucl. Fusion 55 033001]

Extracted with permission from an item by Michael 
Banks at physicsworld.com

Nanowire-based electrode could lead to 
better supercapacitors
A new type of electrode that could lead to the develop-
ment of more efficient and lighter supercapacitors has 
been unveiled by researchers in India. The electrode has 
a new hybrid structure that is made from iron and nickel 
nanowires, and could be used to boost the capacitance, 
current density and charging/discharging rates of big ca-
pacitors used to store large amounts of electrical energy. 
The electrodes are inexpensive and environmentally 
friendly to produce, say the researchers, and could some-
day be used to make supercapacitors to power a range of 
devices, from mobile phones to electric cars. 

Super electrode: iron and nickel nanowires perform well.

Supercapacitors store energy by separating positive 
and negative charge through electrochemical reactions 
that involve the exchange of electrons and ions at the 
interfaces between two electrodes and an electrolyte. 
These devices combine the large-scale energy-storage 
properties of batteries with the rapid charging times and 
long lifespans of conventional capacitors. In principle, 
supercapacitors could be used to create electric cars that 
could be fully charged in minutes, and mobile phones 
that would charge in seconds. Today, however, a super-
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capacitor is much larger and heavier than a conventional 
battery that holds the same amount of energy. 

Created by Ashutosh Singh and colleagues at the S 
N Bose National Centre for Basic Sciences in Kolkata, 
the new electrode has a two-part nanostructure com-
prising a conductive iron–nickel core and a hybrid iron-
oxide–nickel-oxide outer shell. The electrodes are made 
in two stages. First, arrays of iron–nickel nanowires are 
created through electro-deposition into a porous, ano-
dized alumina-oxide template. After the template is dis-
solved away, the second step of the process sees the wires 
temporarily exposed to oxygen at a temperature of 450°. 
This forms a porous iron-oxide–nickel-oxide hybrid 
shell around the iron–nickel core. 

“The advantage of this core/shell hybrid nanostruc-
ture is that the highly porous shell nanolayer provides 
a very large surface area for redox reactions and reduc-
es the distance for the ion-diffusion process,” explains 
Singh. Complementing the outer shell, the iron–nickel 
core provides a highly conductive pathway by which 
electrons may be transported to the current collector. 

The researchers say that initial tests of their electrode 
design have been promising. In comparison with equiv-
alent non-hybrid iron/iron-oxide or nickel/nickel-oxide 
electrodes, the new design achieved a higher capacitance 
of about 1415 F/g. The charging/discharging rate is 
about 2.5 A/g, and the current density is significantly 
higher than both nickel and iron-based non-hybrid elec-
trodes. The electrode was also able to maintain up to 
95% of its initial capacitance after 3,000 charging–dis-
charging cycles. 
[Ashutosh K. Singh and Kalyan Mandal, J. Appl. Phys. 
117, 105101 (2015)] 

Extracted with permission from an item by Ian Ran-
dall at physicsworld.com.

Have alien civilizations built cosmic 
accelerators from black holes?
Has an advanced alien civilization built a black-hole-
powered particle accelerator to study physics at “Planck-
scale” energies? And if such a cosmic collider is lurking 
in a corner of the universe, could we detect it here on 
Earth? 

Brian Lacki of the Institute for Advanced Studies in 
Princeton, New Jersey, has done calculations that sug-
gest that if such an accelerator exists, it would produce 
yotta electron-volt (YeV or 1024 eV) neutrinos that could 
be detected here on Earth. As a result, Lacki is calling 
on astronomers involved in the search for extraterrestrial 

intelligence (SETI) to look for these ultra-high-energy 
particles. This is supported by SETI expert Paul Davies 
of Arizona State University, who believes that the search 
should be expanded beyond the traditional telescope 
searches. 

Like humanity, it seems reasonable to assume that 
an advanced alien civilization would have a keen inter-
est in physics, and would build particle accelerators that 
reach increasingly higher energies. This energy escalation 
could be the result of the “nightmare scenario” of parti-
cle physics in which there is no new physics at energies 
between the TeV energies of the Standard Model and the 
1028 eV Planck energy (10 XeV) – where the quantum 
effects of gravity become strong. “The nightmare of par-
ticle physics is the dream of astronomers searching for 
extraterrestrials,” says Lacki. 

Cosmic collider: could an advanced civilization harness a 
black hole

An important problem facing alien physicists would 
be that the density of electromagnetic energy needed to 
reach the Planck scale is so great that the device would 
be in danger of collapsing into a black hole of its own 
making. However, Lacki points out that a clever de-
signer could, in principle, get round this problem and 
“reaching [the] Planck energy is technically allowed, if 
extremely difficult”. 
Not surprisingly, such an accelerator would have to be 
rather large. Lacki believes that if electric fields are used 
for acceleration, the device would have to be at least 10 
times the radius of the Sun. However, a magnetic syn-
chrotron-type accelerator could be somewhat smaller. As 
for what materials could be used to make the accelerator, 
Lacki says that normal materials could not withstand 
the strong electromagnetic fields. Indeed, one of the few 
places where such a high energy density could exist is in 
the vicinity of a black hole, which he argues could be 
harnessed to create a Planck-scale accelerator. 
[Preprint: arXiv.org > astro-ph > arXiv:1503.01509]

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

COHERENT SCIENTIFIC
2MHz Lock-in amplifier from Stanford 
Research Systems
Stanford’s lock-in amplifiers have been recognised for 
decades for their high performance and excellent value 
in a wide range of synchronous detection applications

Stanford has now expanded their product range with 
the addition of the new SR865 lock-in, with 2 MHz ca-
pability. Building on the industry standard SR830 lock-
in, this next-generation amplifier has several analog en-
hancements and many new features not found in other 
instruments. 

A built-in touchscreen provides several options for 
viewing data. These include large numbers that can eas-
ily be read from across the lab, chart-recordings for a 
complete time-history of your data and FFT displays of 
the input and output signals. For situations where a dark 
lab is required, the touchscreen display and all front-
panel LEDs can be turned off with the push of a button.

The SR865 comes standard with GPIB (IEEE488.2), 
RS-232, USB device, and Ethernet interfaces. All instru-
ment functions can be queried and controlled using any 
of the interfaces. A convenient front-panel USB flash 
storage port lets you quickly save/export your data and 
graphical screen shots.

Edinburgh Photonics Release Multi-function 
Transient Absorption Spectrometer
A first of its kind on the market, the LP980 spectrometer 
from Edinburgh Photonics allows for the measurement 
of transient absorption, laser-induced fluorescence and 
phosphorescence, time-resolved Raman spectroscopy 
and laser-induced breakdown spectroscopy (LIBS) all in 
the one instrument.

The LP980 sets the standard for technical perfor-
mance required in a premier research instrument, offer-
ing unsurpassed measurement capabilities across a broad 
range of chemical, physical and biological applications. 
The instrument has a dual sample chamber that enables 
users to accurately measure transient chemical and bio-
logical species at wavelengths up to 2.55 µm using the 
pump-probe technique AND measure fluorescence and 
phosphorescence lifetimes down to nanosecond time 
ranges. Edinburgh’s advanced software provides control 
of all components and measurements and completely 
eliminates the need to make manual adjustments to the 
instrument. 

New 2015 Semrock Catalogue

The new Semrock catalogue is now available. New prod-
ucts in this edition include: 
•  RazorEdge dichroic family, which has been revised to 

reduce sensitivity to angular tuning, now delivering a 
shift of less than 0.20% per degree over a 35-55 angu-
lar range.

•  New wide-angle broadband mirrors to suit your beam-
steering needs with wide-angle super broadband, vis-
ible and near-infrared versions

•  An expanded offering of single-band band-pass, edge 
filters and dichroics, and new Brightline laser dichroics 
tuned to 785 nm and 1064 nm

Contact Jeshua Graham for further information of 
download the new catalogue from our website.

For further information please contact Coherent Scientific 
at sales@coherent.com.au

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

Lastek appointed exclusive distributor 
for Alio Industries nano technology and 
precision motion systems

Lastek has been appointed exclusive distributor for Aus-
tralia and New Zealand for Alio Industries, the Colora-
do-based manufacturer of nano technology and preci-
sion motion systems.

Alio Industries began in 2001 with an idea to create 
“a better way” to meet the nano-precision robotic needs. 
This initial idea has grown into an ever-expanding prod-
uct line that includes Hexapod robotic systems, air bear-
ing systems and mechanical bearing linear and rotary 
nano-precision systems for atmospheric, clean room and 
ultra high vacuum chambers all with TRUE NANO 
Positioning™. Industries served include semiconductor, 
biomedical, ink jet deposition, lithography, nano/micro 
machining, metrology & synchrotron.

ALIO, (which is Latin for “A better way.”) is an in-
novator in nano technology motion systems. ALIO’s 
designs exceed current standards of precision product 
designs for automation technology. Holding two pat-
ents for the Parallel 6 Axis Hexapod and the Parallel 3 
Axis Tripod as well as several patent pending for nano Z 
stages and planar air bearing systems, ALIO has set the 
pace for nano-precision design and systems.

ALIO’s linear and rotary stage lines were designed to 
be cost effective and complement the market demand 
for high quality, nano-precision motion. These applica-
tions can be used in normal atmospheric environments, 
clean rooms, and vacuum chamber environments. AL-
IO’s design of the rotary stages can be utilised for stand-
alone motion or stackable for various serial kinematic 
structures.

QE Pro Internal Shutter Adds Convenience 
The internal shutter is a now available for the QE Pro for 
more effectively managing dark measurements. The new 
optional feature is useful for applications where light in-

tensities change, requiring users to dynamically adjust 
integration times and renormalise the spectrometer.

The QE Pro internal shutter removes the need for an 
external shutter, which improves signal throughput in 
the setup and allows for shorter integration times for an 
equivalent level of signal.

Quantum Composers DPSS Jewel Laser 
Release 

Prism Awarded Finalist OCI™(“All Seeing Eye”) hy-
perspectral imagers are available in a handheld or UAV-
optimized packages. Traditionally limited to large and 
heavy systems, BaySpec have created a small lightweight 
hyperspectral camera capable of up to 120 spectral 
bands.  Packed with a high-performance, on-board-cap-
ture and preview, they acquire VIS-NIR hyperspectral 
data with continuous spectral and spatial coverage.  Ex-
treme compactness with uncompromised performance, 
automatic operation and data processing make the OCI 
a straightforward system for use in a lab or effortless in-
tegration with many UAV/ROVs, for applications such 
as precision agriculture and remote sensing.

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
Much Faster: Preconfigured Heavy-Duty 
Hexapods for Various Different Travel 
Ranges, Load Capacities and Velocities

Warsash Scientific are pleased to announce the release 
of a series of six pre-configured heavy-duty Hexapods for 
precision assembly from PI (Physik Instrumente). This 
enables PI to cover a large range of applications with 
standard solutions.

 The six-axis positioning systems are available for 
travel ranges of 220 mm on the XY plane and 100 mm 
in the Z direction or 340 mm on the XY plane and 205 
mm in the Z direction. The maximum tip/tilt or rota-
tional angle is between 30 and 60°. Three drive screws 
with different pitches allow velocities of 20 to 50 mm/s 
with loads between 400 and 1000 kg. Even at high ve-
locities, the heavy-duty Hexapods achieve step sizes of 
around 2 µm and a repeatability of ±2 to ±5 µm.

In case of further modifications to these pre-config-
ured versions, e.g., variable arrangement of the joint po-
sitions allows rapid and inexpensive realisation of Hexa-
pods that are perfectly adapted to the application and 
customer requirements with respect to geometry, travel 
range and load capacity.

 Large Choice for Loads from 1 kg to 1 Ton
PI offers more than 50 versions of standard Hexapods 
that are optimised for a variety of applications from ul-
traprecise fibre alignment for use in vacuums to machine 
tooling.

 Powerful Controller and open Software Architecture
The powerful C-887 digital controller takes control of 
the six Hexapod axes and two additional motorized sin-
gle axes. It features vector control, a stable pivot point 
freely selectable in space and LabVIEW support. Posi-
tion values can be entered simply as Cartesian coordi-
nates. Optional software for avoiding collisions in re-
stricted workspace is also available.

New NIR-Optimised Single Photon Counting 
Module
Warsash Scientific are pleased to announce the release of 
the new NIR-Optimised single photon counting mod-
ule from Excelitas Technologies.  The SPCM-NIR is a 
Single Photon Counting Module specifically selected 
and performance-optimized for the near infra-red wave-
length spectrum.

The SPCM-NIR uses a specially selected SLiK sili-
con avalanche photodiode with peak single photon de-
tection efficiency typically better than 73% while main-
taining uniformity over a 180 μm diameter active area. 
This module achieves enhanced red and NIR sensitivity 
while maintaining such other performance parameters 
of the standard SPCM-AQRH, such as outstanding 
uniformity, overload protection, temperature stability 
and linearity

This NIR spectrum enhanced device is designed to 
support long range LIDAR, quantum communication 
and microscopy, as well as many other applications.

Excelitas’ series of photon counting modules are de-
signed and built to be fully compliant with the European 
Union Directive 2011/65/EU – Restriction of Hazard-
ous Substances in Electrical and Electronic equipment 
(RoHS).

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
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Aim
The aims of the award are to promote excellence in 
research in Physics in Australia and to perpetuate the 
name of Walter Boas.

Background to the Award
The Medal was established in 1984 to promote excel-
lence in research in Physics and to perpetuate the name 
of Walter Boas (University of Melbourne 1938-47, 
CSIRO 1947-69). The award is for physics research car-
ried out in the five years prior to the date of the award, 
as demonstrated by both published papers and unpub-
lished papers prepared for publication, a list of which 
should accompany the nomination. Any AIP member 
may make nominations or may self nominate for the 
award. Information regarding the conditions of the 
award can be found at the AIP web site (see link below).

Time Line:
Nominations should be sent electronically to Olivia Sa-
mardzic, Special Project Officer olivia.samardzic@dsto.
defence.gov.au by 1 July 2015. 

Presentation of the Award
The award is conditional on the recipient delivering a 
seminar on the subject of the award at a meeting of the 
Victorian Branch of the AIP in November. The recipient 
is also expected to provide a manuscript based on the 
seminar for publication in Australian Physics.

Aim
The purpose of the prize is to recognise the work done 
by a Ph.D. student in Australia that is considered to be 
of outstanding quality. 

Background to the Award
The Bragg gold medal was established in 1992 as an ini-
tiative of the South Australian Branch, to commemorate 
Sir Lawrence Bragg (whose picture is inscribed on the 
medal) and his father Sir William Bragg.

Conditions of the Award
The medal is awarded annually to the student who is 
judged to have completed the most outstanding Ph.D. 
thesis under the auspices of an Australian university, 
whose degree has been approved, but not necessarily 
conferred, in the thirteen months prior to the closing 
date for applications to the State Branch (i. e., from the 
1 June 2014 to the 1 July 2015). No candidate may be 
nominated more than once.

Nominations and Time Line
Each Australian university may nominate one candidate.  
These nominations must be submitted to Secretary of 
the local State Branch by 1 Jul 2015.
An electronic copy of the selected nominations from the 
State Branches, accompanying documentation, should 
reach Olivia Samardzic, AIP Special Project Officer, by 
the 1 Sep 2015.
The announcement of the winner shall be made by the 
end of Jan 2016.

Further information about these awards can be found at http://www.aip.org.au/  
or obtained by phone on 0410 575 855 or by email from Olivia.Samardzic@dsto.defence.gov.au.
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Linear Stages,  Rotary Stages,  
Vertical Lift & Z Stages,  Goniometers

Nanopositioners

Aerotech linear nanopositioners offer:

• 1nm resolution

• <1nm in-position stability

• +/-75nm repeatability

• +/-250nm accuracy

• Up to 160mm travel

Aerotech rotary nanopositioners offer:

• 0.01 arc–second resolution

• 0.005 arc–second in–position stability

• 1.5 arc–second repeatability

• 3 arc–second accuracy

• 360° continuous or limited travel

ANT95-L 1nm step plot

ANT95-XY-ULTRA 2D accuracy plot

ANT95-R 0.01 arc-sec step plot


