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A cup showing an optical caustic. - 
Caustics appear when curved surfaces 
reflect or refract light into tight 
envelopes. The bright ripples on the 
bottom of a pool are one example. In 
the teacup, the caustic is symmetric due 
to the symmetry of the cup.

(Image: Peter Kappen)
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Please join us in welcoming our latest 
volunteers to Australian Physics: those 
who have signed up to the editorial teams. 
Their names are in the column to the 
left. Let’s say “Thank You” in advance for 
helping shape and build the magazine. At 
the same time, let us also thank those who 
have previously volunteered their time as 
members of the editorial board and group 
of associate editors! 

You may notice that the new editorial 
teams are not complete yet; we would like 
to say “Welcome aboard” a few more times 
in the near future. In coming editions of 
Australian Physics, we will be introducing 
a ‘Young Physicists’ section, aimed at 
Very Early Career Researchers, as well 
as highlights from the active lives of the 
Undergraduate Physics Societies, some of 
which organised the recent careers night 
which so inspired the President. These sections will need editorial 
representation as diverse as the contents. If you think that one of 
these sections might be speaking to you, then drop us an email. 

In this issue you will also notice a slight change to the News & 
Comment section – see our note there. In this section, we will 
monitor topics and issues of longer half-life, leaving the monthly 
AIP Newsletter to handle the faster-paced news cycle. All of us can 
benefit from broadening our horizons and adopting longer views. 
We believe that Australian Physics should be a place to share them. 
Therefore, please feel free to contact us when you find something 
interesting for the AIP community. We certainly love receiving 
letters.

In the middle of the magazine you will find a brief excursion 
towards dark matter and a shiny Bragg Gold Medal. You can then 
explore what happens when you look into a teacup and see particle 
accelerators, and you can find how to generate low-power nonlinear 
optical effects with ultrasound and cunning.  Then, in a reflecting 
mode, you can hear more about life as an early career researcher and 
the power of good mentoring. Finally, we sample interesting physics 
around photonic crystals, electron-ion colliders, and gravitation-
cloud interactions. 

All the best,
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PRESIDENT’S COLUMN

My last president’s column ended with a request for 
volunteers for an event supported by the Australian 
Institute of Physics. Since that issue of Australian 
Physics, I have seen first-hand some great examples of 
people volunteering and making possible the activities 
of the Australian Institute of Physics. 

One type of activity happens on such a regular basis that 
it is easy to take it for granted and we can forget that it 
only happens because of physicists who volunteer. Those 
volunteers are the people that form the committees of 
the AIP state branches, and the activities they manage 
include branch meeting lectures, public lectures and 
events such as careers nights for students. 

I was fortunate to attend one such careers night recently. 
While supported by the AIP, this event, rather than being 
directly managed by the local branch, was organised by 
physics students from physics students societies from 
several of the local universities. Matching the organisers 
to the “organisees” was clearly successful with around 
200 people registering for the event and a strong 
presence from sponsors. Giving students who are nearing 
graduation insights from others that have undergone the 
transition from student-hood to employment in the last 
few years clearly resonated with the audience who had 
no shortage of questions for the panel. Similarly, mixing 
the target audience (students) with potential employers 
and with people that have used a degree in physics as a 
pathway to successful careers was of great interest, with 
many groups of people still deep in conversation well 
after the advertised finishing time.

These sorts of events fill me with a deep sense of optimism 
for the future of the AIP for several reasons. One, you 
may have noticed I did not describe where this event took 
place; this is because this sort of activity can take place 
in any state or territory in Australia – we are a national 
organisation. Two, the event was organised by those 
interested and for those interested – this is a hallmark of 
why the AIP exists. Three, the event was organised and 
attended by students – the future members of the AIP. 
Four, the event was organised by volunteers – essential 
for an organisation with limited revenue streams.

Another key event, also with an emphasis on students 
and early career researchers, is the AIP Congress.  

The organising committee 
are all volunteers and with 
the selection of abstracts 
well underway, the many 
people involved in the 
program streams have all 
helped support the AIP. 
In 2020 there will be 
not one but two physics 
Congresses, with both 
an AIP Congress and 
an International Women in Physics Congress to be 
held. Involved in the International Women in Physics 
Congress is one of the AIP’s most stalwart volunteers 
in the person of Cathy Foley. I single her out here to say 
thank you and also to congratulate her on recently being 
announced as the Chief Scientist for CSIRO.

Volunteering is more than just a way that things can get 
done for the AIP, it is part of life and something that 
provides its own rewards. But don’t just take my word 
for it, there are physicists far more eminent than I who 
have espoused similar views. Aristotle, surely an early 
physicist, wrote, “What is the essence of life? To serve 
others and do good.” And Einstein may well have been 
paraphrasing Aristotle when he said “Only a life lived for 
others is worth living.” 

Before I continue too far down the path of the 
metaphysical, it is worth noting that, when it comes to 
volunteering, our skills and aptitude as physicists will be 
put to good use by supporting the AIP. It can sometimes 
be daunting putting a hand up to help, and volunteering 
within the AIP is a way to get started.

While volunteering comes with its own rewards, it is 
also true that we do not thank our volunteers enough. 
So to all those that have helped the AIP: the branch 
and national committees; the student societies; the 
organisers of one-off events; the Congress committees; 
those working on the Women in Physics Congress; 
our editors and reviewers; our awards committees; and 
everyone else,

Thank you!

V for volunteer

Andrew Peele
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NEWS & PERSPECTIVES 
Dear Readers, 

You may notice that the headline for this section has 
changed slightly and now includes the word “Perspectives”. 
We recognise that a number of news items are already 
brought to you monthly through the AIP Newsletter. 
In Australian Physics, we will thus start to place more 
focus on topics that have a half-life compatible with 
the publication rate of the journal. Let’s call such topics 
“Perspectives”.

Best wishes,   
Your Editors.

Bubbles, butterflies and black holes –Future 
Fellowships 2018 announced
The Australian Research Council (ARC) recently 
announced the recipients of the prestigious 2018-21 
future fellowships. The ARC describes the purpose of 
the award as: “The Future Fellowships scheme supports 
research in areas of critical national importance by giving 
outstanding researchers incentives to conduct their research 
in Australia. The aim of the Future Fellowships scheme 
is to attract and retain the best and brightest mid-career 
researchers.”

About 20% of these fellowships have been awarded to 
projects in the physical sciences, as per Field of Research 
code 02. On average, projects were awarded about 
$850k of funding. These are heart-warming signs for the 
future health of physics in Australia. The complete list 
of physics-related and other fellowships can be found on 
the ARC websites; [http://www.arc.gov.au/august-2018-
arc-grants-announcement]

Congratulations to all awardees, and our best wishes to 
those who missed out this time for success in subsequent 
rounds and other awards.

Tackling lithium-ion battery waste
A CSIRO report, 'Lithium battery recycling in Australia', 
[https://www.csiro.au/en/Research/EF/Areas/Energy-
storage/Battery-recycling] points out that Australia 
could lead the world in the re-use and recycling of 
lithium-ion batteries, addressing this waste which is 
growing by 20 per cent each year. Low battery recycling 
rates can be overcome through better understanding 
of the importance of recycling, improved collection 
processes, and by implementing ways to efficiently 
recycle materials. An effective recycling industry could 
also stabilise global lithium supplies to meet consumer 
demand, the report says.

Only 2 per cent of Australia's annual 3300 tonnes of 
lithium-ion battery waste is recycled. This waste could 
exceed 100,000 tonnes by 2036. If recycled, 95 per cent 
of components can be turned into new batteries or used in 
other industries. By comparison, of the 150,000 tonnes of 
lead-acid batteries sold in 2010, 98 per cent were recycled.

CSIRO battery research leader Dr Anand Bhatt and his 
team are working with industry to develop processes 
that can support the transition to domestic recycling of 
lithium-ion batteries. "As a world leader in the adoption 
of solar and battery systems, we must responsibly manage 
our use of lithium-ion technology in support of our clean 
energy future; CSIRO has set out a pathway to do this," 
Dr Bhatt said. "The value for Australia is three-fold. 
We can draw additional value from existing materials, 
minimise impact on our environment, and also catalyse 
a new industry in lithium-ion re-use/recycling."

Australian Battery Recycling Initiative CEO Libby 
Chaplin said the report came at a critical time. "Currently 
we are racing towards a world where lithium batteries are 
a very big part of our energy supply, yet we have some real 
work to do to ensure we are able to recycle the end product 
once it has reached its use by date," Ms Chaplin said.

The report also found that research, government and 
industry must work closely to develop standards and 
best-practice solutions to this issue.

( from CSIRO news) 

More stability for ionic conductors
In a search for more structural stability a research 
collaboration, led by the University of Sydney, went to 
dope bismuth oxide with transition metals. 

While the work was a fundamental study, bismuth oxide 
is of considerable interest as a material because its mobile 
oxygen defects can act as carriers of charge in ionic 
devices, such as solid oxide fuel cells. 

Lithium Iron rechargeable battery
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Ionic conductors, also referred to as solid electrolytes, 
transport charge without the need for liquids The 
cubic high-temperature polymorph of bismuth oxide, d 
δ–Bi2O3, is the best known oxide ionic conductor but its 
narrow stability range (729 - 817 °C), which is close to its 
melting temperature of 817 °C, precludes its practical use.

A large collaboration, led by Professor Chris Ling and 
Dr Julia Wind (as part of her PhD) from the University 
of Sydney, involving researchers from ANSTO, the 
University of South Carolina, and the Australian 
National University, has achieved the design and 
understanding of the complex crystal structure and 
chemistry behind a commensurate structure within the 
fast-ion conducting stabilised bismuth oxide, co-doped 
with chromium and niobium, Bi23CrNb3O45.

The study was published in the journal Chemistry of 
Materials. X-ray absorption spectroscopy, conducted 
at the Australian Synchrotron and the National 
Synchrotron Radiation Center in Taiwan, helped 
to clarify details of the complex superstructure. The 
work also involved neutron and electron diffraction, 
high resolution transmission electron microscopy and  
ab initio calculations.

The results showed that the oxygen atoms around 
transition metals are ordered locally, forming tetrahedral 
clusters of NbO6 octahedra and isolated CrO4 tetrahedra, 
separating relatively disordered fluorite-type regions that 
facilitate the high oxide-ionic conduction. “Although 
doping of bismuth oxide with rare earth metals 
exhibits higher conductivity, the transition metal doped 
bismuth oxides may offer better long term stability,” 
said Dr Zhaoming Zhang, co-author of the study.

https://pubs.acs.org/doi/10.1021/acs.chemmater.7b03012 
(adapted from ANSTO news; for full story, see ANSTO 
websites)

FROM THE BRANCHES 
South Australia

The SA branch started the year’s activities with the 
Bronze Bragg medal presentation. This medal (based 
on the Nobel Prize awarded to William and Lawrence 
Bragg) is awarded to the top student in the previous 
year’s SACE stage 2 assessment of year-12 physics 
students. The branch aims to combine the presentation 
with a public lecture on the subject of the previous 
year’s Nobel Prize in physics. Professor David Ottaway 
fulfilled the aim this year with a talk on “Gravitational 
Wave Detection and the Birth of Multi Messenger 
Astronomy”. The branch also awards a Silver Bragg 
medal to the top student (subject to a sufficiently high 
standard) in the final year of a Physics major at each SA 
university, with the presentation taking place at a mid-
year dinner in July.

Professor David Ottaway (right) presenting Bronze Bragg 
medals and certificates to joint winners Stephanie Trinkle 
and Harry Clarke.

SA branch chair A/Prof. Andrew Mackinon (left) presenting 
the Silver Bragg medals and certificates to Benjamin 
Hensley (centre) of Flinders University and Ahnaf Tahabub 
of the University of Adelaide. 
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Attempting to understand the workings of the Universe 
from microscopic to astronomical length scales has been 
a subject of great fascination to scientists for centuries. 
Numerous observations challenge the current ‘Standard 
Model’ of physics, which appears to account for only five per 
cent of the total matter and energy content of the Universe. 
In particular, astrophysical observations indicate that there 
is roughly five times more ‘dark matter’ in the Universe 
than the ordinary ‘visible matter’ that makes up stars, 
planets, dust and interstellar gases. Dark matter, however, 
is practically invisible and its identity and properties remain 
shrouded in mystery. Unravelling this mystery is a great 
challenge and one of the most outstanding problems in 
contemporary science. 

Conventional schemes for the direct detection of dark 
matter involve processes (such as collisions with, absorption 
by or interconversion with ordinary matter) which are either 
quartic (g4) or quadratic (g2) in an underlying interaction 
constant g. During my PhD studies under the supervision of 
Professor Victor Flambaum at the University of New South 
Wales in Sydney, I explored the possibility of searching for 
new effects of dark matter that are linear in g. Searching 
for linear effects of dark matter is an advantageous 
approach compared with conventional schemes, since the 
interaction constant g must be very small, g << 1. Indeed, 
by investigating linear effects, I was able to place new limits 
on certain interactions of dark matter with ordinary matter 
that improved on previous limits by up to 15 orders of 
magnitude, and also placed the first-ever limits on several 
other interactions. 

My PhD research involved pioneering novel “out-of-the-
box” approaches. Instead of searching for the effects of 
dark matter in conventional high-energy colliders and 
underground experiments, I considered the possible effects 
of dark matter in low-energy atomic-scale and astrophysical 
phenomena. The observational signatures of dark matter are 
very different in the latter case and include apparent temporal 
variations in the physical constants (such as the particle 
masses and strengths of the fundamental interactions), as 
well as the anomalous precession of particle spins. These 
unconventional signatures open up the possibility to search 

for dark matter with high-precision devices that are normally 
used in other, often everyday applications, including atomic 
clocks (the lynchpin of GPS navigation), magnetometers 
(used in MRI scans) and laser interferometers (recently used 
to directly observe gravitational waves for the first time). 

My work has stimulated extensive experimental and 
theoretical activity worldwide in looking for dark matter 
with novel approaches. Several new experiments based on my 
proposals have already been performed and many more new 
experiments are currently underway. I have been privileged 
to already work with several international collaborations 
and experimental groups in trying to solve one of the most 
challenging problems in science. I am currently continuing 
my research on dark matter at the Johannes Gutenberg 
University of Mainz in Germany, where I hold a Humboldt 
Fellowship.

AIP 2018 Bragg Gold Medal
Yevgeny Stadnik, 
University of New South Wales, Sydney, Australia
Johannes Gutenberg Universität, Mainz, Germany
stadnik@uni-mainz.de

Editors’ note: The AIP Bragg Gold Medal for Excellence in Physics recognises outstanding quality of work 
done by a PhD student in Australia. This year's award celebrates Yevgeny's thesis on "Manifestations 
of Dark Matter and Variations of the Fundamental Constants of Nature in Atoms and Astrophysical 
Phenomena”. Congratulations to Yevgeny for this well-deserved prize.
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Optical caustics are a readily observable and easily 
identifiable effect. This perhaps played into the editors’ 
motivation when asking me to write this article on this 
topic. It is also one of those phenomena that, once aware 
of, you start noticing everywhere. As an accelerator 
physicist, that I can attest, I see electron trajectory 
caustics in my work frequently.

A well-lit coffee cup provides a common example 
of optical caustics (Fig. 1). Rays of light entering the 
cup are reflected off the curved surface. Where the 
reflected rays coalesce, the envelope of the rays forms 
the bright lines mapping out a carotidal shape. These 
concentrated lines of light are known as caustics.

Another example is the dancing network of lines visible 
on the bottom of a swimming pool on a sunny day 
(Fig. 2).  Each ray is guided by the refractive properties 
of the water. Whilst the path of each light ray is not 
influenced by the surrounding rays, neighbouring rays 
can be directed to the same final position, and caustic 
patterns are formed.  At the caustic, multiple rays of 
different initial positions map to the same final position 
on the bottom surface of the pool. This unintended, yet 
mathematically stable (under diffeomorphism) solution 
is termed ‘natural focusing’ [1, 2]. Distinguishing it from 
contrived focusing systems, this accidental focusing of 
light finds its mathematical home within the field of 
catastrophe theory.

The appearance of caustics is widespread, permeating 
many areas of science. Underwater islands can act  
as a focusing element, concentrating the energy of 
tsunamis [3]. Rouge waves, once considered a sailor’s 
fabrication, are now also hypothesised to be the result 
of dispersive wave caustics – also known as space–time 
caustics [4]. These waves are statistically rare events with 
extreme amplitude and destructive power that emerge 
seemingly spontaneously. Further examples of caustics 
can range from the simple to the complex. Rainbows 
form where rays of light (deflected by refraction and 
reflection through a raindrop) coalesce [5]. Gravitational 
lensing involves caustics and critical lines, providing 
additional evidence of dark matter’s existence [6]. 

Accelerator physics too can bear witness to caustics in 
the form of electron density singularities [7].  Just as 
rays of light reflecting and refracting can form regions 
of greatly enhanced light intensity, accelerated electron 
trajectories can form regions of greatly enhanced charge 
density. 

A compelling example of electron trajectory caustics is 
the large current spikes that plague Free Electron Lasers 
(FELs), degrading the beam quality and reducing the 
achievable X-ray brightness. 

Physics in a teacup – Catastrophes in 
electron  trajectories
Tessa Charles
Postdoctoral Researcher
University of Melbourne, Victoria, Australia
CERN, Geneva, Switzerland – tessa.charles@cern.ch

Caustics are commonplace in optics. They are well-recognised and well-understood in electron 
microscopy and other wave-related physics. And, more recently, they have also been identified in 
particle accelerator physics.

Figure 1. Optical caustics, which are analogous to electron– 
trajectory caustics found in accelerator physics. (a) Image 
of caustic lines appearing in a coffee cup. (b) Illustration of 
light rays forming the caustic (red line) [7]. 

Figure 2. Swimming pools on a sunny day provide another 
example of caustics.  Rays of light entering from above, are 
diffracted by the water to form the bright spots known as 
caustics.
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Strong bunch compression is required at FEL facilities 
to squeeze as much charge as possible into as short a 
bunch as possible for the production of incredibly bright 
X-rays. Each electron is travelling close to the speed of 
light, so velocity bunching is not an option. Instead, 
this bunch compression is typically managed with four 
dipole magnets forming a chicane.  The electrons are 
directed transversally by the first dipole, away from the 
main axis of the linear accelerator (linac). Following 
immediately, the beam is directed by a second dipole to 
be parallel with the original path. The third and fourth 
dipoles create a mirror symmetry of the first two dipoles 
in position and strength, again directing the electrons 
back in line with the original path (see Fig. 3).

Into this bunch compression chicane, we send a chirped 
bunch - meaning there is an almost linear correlation 
with energy and position along the length of the bunch. 
That is to say, if the tail of the bunch has a high energy 
then the head has a lower energy. As the bunch passes 
through the first dipole, the less energetic particle 
trajectories are more easily bent by the dipole’s magnetic 
field. The opposite is true for highly energetic particle 
trajectories. As a result, the less energetic particles will 
take a longer path through the chicane, and the more 
energetic particles will take a shorter path through 
the chicane. The result allows for the lower energy tail 
and the higher energy head of the bunch to exit the 
bunch compressor at close to the same time, resulting 
in a longitudinally compressed bunch. This difference 
in path length due to energy is called longitudinal 
dispersion, and this is largely responsible for the sliding 
of particles across longitudinal phase space (Fig. 3).  

This description above is correct to first order, but as 
is so often the case, higher order terms make things 
more complicated. However, it is also true that higher 
order terms make things interesting. The second and 
third order longitudinal dispersion, and third order 
component to the chirp, evolve the longitudinal phase 
space into an S-shape by the end of the compressor. 
When projected onto the horizontal axis, we see the 
origin of the double-horned current profile (Fig. 4).  
 
The non-linear dispersion terms alter the electron 
trajectories based on their energy. Consequently, more 
than one electron can reach the same final longitudinal 

Figure 3. Layout of a four-dipole chicane bunch 
compressor, showing the trajectories of high, mid-range 
and low energy electrons. Also shown are illustrations of 
the corresponding longitudinal phase space distributions 
at locations before, in the middle of, and at the exit of the 
chicane. This transformation of the electrons’ initial to final 
longitudinal position is shown to first-order.

Figure 4. Simulations of the longitudinal phase space distributions at various positions through the bunch compressor. 
The final distribution (at the compressor exit) is shown with the corresponding current profile exhibiting the double-
current horns.
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position. This many-to-one mapping creates the pile 
up of electrons at the leading and trailing edges of the 
bunch (Fig. 4). As mentioned previously, caustics such 
as the head-tail current spikes, fall within the field of 
catastrophe theory [2].  

One of the key features of catastrophe theory is that small 
incremental changes of one parameter can bring about 
large changes in another. This is demonstrated in Fig. 5: 
if you were to walk along the top surface in the direction 
of negative x, you will reach a position where if you were 
to take one more step in the negative x direction, you 
would fall off the edge of the cliff, for a catastrophic shift 
to the lower state. Thus it is no exaggeration to say that 
the current spikes, like those in Fig. 4, are a catastrophe. 
And in as much as they are a catastrophe, they are also 
bad news.  

These current spikes are beacons of Coherent  
Synchrotron Radiation (CSR), which threaten to 
degrade the beam quality (also known as beam 
emittance). Emittance is defined as the volume occupied 
by the ensemble of particles in six-dimensional phase 
space. Generally, in accelerator physics, the smaller the 
emittance, the brighter the resulting X-ray beam. It might 
be worthwhile clarifying here, coherent synchrotron 
radiation can be beneficial for a number of experiments, 
but when encountered during beam acceleration or 
transport, it can have the effect of spreading out the 
bunch (in transverse phase space), which reduces the 
final X-ray brightness. So perhaps counter-intuitively, 
whilst an FEL’s end game is generation of bright coherent 
X-rays, if encountered too early along the acceleration 
path, CSR can limit the peak brightness of free  
electron lasers. 

Furthermore, the rate of change of particle energy due 
production of CSR is proportional to the derivative 
of the linear charge density, λ [8]. This means that 
wherever we have sharp spikes in the charge profile, we 
have strong CSR and the detrimental impact on the 
emittance is greatest.  

Continual demand for high brightness and shorter pulse 
durations, places stringent requirements on the electron 
beam quality and heightened awareness of the role CSR 
plays in degrading beam quality. Control of the extreme 
current values at the head and tail of the electron 
bunch are of critical importance to ensuring best FEL 
performance is achieved. 

The Linac Coherent Light Source (LCLS) at the Stanford 
Linear Accelerator Centre (SLAC), currently tackles 
the problem of current horns through collimation. 
When cutting away the high current leading and 
trailing edges of the bunch, the accelerator scientists 
see greatly improved FEL performance [9]. However, 
they simultaneously solve one problem whilst sacrificing 
approximately 40% of the total bunch charge.  

Consideration of the caustics nature of the trajectories 
provides an alternative method of addressing the 
problem. It is the very small deviations away from 
a perfectly linear energy chirp that can result in the 
inimical current spikes. This is no surprise given that 
this mathematics describing the situation has its roots 
in catastrophe theory.  Inflicting minute changes on 
initial longitudinal phase space distribution, to edge us 
away from the cliff edge, is a difficult task and it is one 
that is influenced by numerous collective effects such 
as wakefields, space charge forces, and the curative 
of the RF waveform. Manipulating the longitudinal 
dispersion, however, is possible with the aid of high-
order multipole magnets.  

It is well-established that sextupole magnets placed in 
a dispersive region (such as a chicane), can change the 
second-order longitudinal dispersion [10]. In a similar 
manner, octupole magnets placed in a dispersive region 
can be used to influence the third-order longitudinal 
dispersion.  

The magnetic field strength within an octupole varies 
with the distance from the centre cubed. If placed in the 
centre of a chicane, the particles (which have different 
energies along the bunch) are not only affected by 
varying degree due to their energies but also due to the 

Figure 5. Illustration of a cusp catastrophe, which exhibits 
a fold bifurcation. 
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transverse position they cross the magnet. This is evident 
in Fig. 3, which shows the higher and lower energies 
traversing the magnet at some distance from the magnet 
centre, where the field will be higher than it is closer 
to the centre. In this way we can manipulate the third-
order longitudinal dispersion. 

Whilst we cannot easily alter the longitudinal phase 
space distribution shape (which would be like altering 
the water’s surface in the swimming pool analogy), we 
can vary the degree to which the electron trajectories 
are bent based upon their energy (which would be like 
altering the degree of refraction based upon position in 
the swimming pool). The upshot is that with knowledge 
of the underlying analytical form governing these 
current horns, we can create conditions under which the 
caustics cannot form.  

Through incorporation of an octupole magnet in the 
middle of the chicane (i.e. the high dispersive region) we 
can influence the high and low energy trajectories, with 
minor influence on the mid-energy electrons. The full 
mathematical description can be found in the literature 
[11], however, simulated results are shown in Fig. 6.

Supressing the current horns, which in turn reduces the 

harmful CSR, through simulations shows a reduction 
in the emittance from 1.394 mm mrad to 0.842 mm 
mrad. Which corresponds to a reduction in the CSR-
induced emittance of 49 %.

Finally, it is worth noting that there exists in this 
piece a strong sense of reciprocity.  Caustics, with their 
beginnings in geometrical optics, inspired improvements 
in electron beam dynamics, to the benefit of X-ray 
optics through generation of intense synchrotron 
radiation.  Continual advancement in the physics of 
charged particle accelerationcan can lead to brighter 
X-rays and higher luminosity colliders. Ultimately, these 
developments enable more impactful research.
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I joined Queensland University of Technology (QUT) 
as a Vice-Chancellor’s Research Fellow (VCRF) 
in February 2015. After having finished a 3-year 
postdoctoral research project at the University of 
Queensland, I was quite looking forward to a change 
of environment and starting out as an independent 
researcher. Little did I know that it was going to be quite 
a roller coaster ride. A change in research environment 
is always disruptive and affects productivity. On top 
of that, I was new to making decisions on my own, 
managing my own research and building infrastructure 
to carry out my research. As an early career researcher, 
I was fixated on publications as the only measure of my 
productivity. There were moments when I thought I 
may have made the wrong decision and that it was the 
end of my career in academia. As I progressed through 
my fellowship, I learnt that an academic career is not 
just about publications, but also about engagement, 
service and more. I completed my VCRF in February 
this year and I have now transitioned into a research 
and teaching position. Looking back, I realise my three 
year VCRF was one of the most challenging, but also 
one of the most rewarding experience in my career, thus 
far. It helped me grow professionally and provided me a 
launch pad for the next stage in my academic career. I 
learnt some very important lessons along the way, and 
have started believing more in what Paulo Coelho says 
in The Alchemist: “And, when you want something, all 
the universe conspires in helping you to achieve it.” In 
my case, it looks like the whole “QUTverse” conspired 
to help me establish myself as a researcher. Many new 
things started or happened during my VCRF that helped 
me immensely. Some of these, I feel, are important to 
anyone starting out in a university environment.

Having a mentor 
Before joining QUT, I had no idea about the difference 
between a supervisor and a mentor. Now that I know 
how important the role of a mentor is in personal 

growth and shaping careers, I always encourage my 
colleagues to seek out and get mentors, preferably from 
different areas of expertise. I had one mentor when I 
joined and now I have many. Because of them, I had 
a great experience: my mentors were my confidants, 
listened to me without any judgement, introduced me to 
the right people, pointed me in the right direction and 
encouraged me to be bold. Initially, I was sceptical of 
and apprehensive about approaching senior academics 
in executive roles to be my mentors. Fortunately, QUT 
started a Women in STEMM mentoring program, 
which provides a platform for female academics to 
approach any senior academics to be their mentor. I took 
advantage of this program and very soon realised that 
experienced academics are more than willing to mentor 
junior staff; I only needed to overcome my apprehension 
and approach them. I have been very lucky to meet 
mentors with immense enthusiasm who believe in 
nurturing the next generation of academics/scientist. I 
remain thankful to all of them. 

Building research infrastructure & capacity 
Often it is much easier to join a very well established 
laboratory since that will enable you to start your 
work relatively quickly. Building and establishing new 
research infrastructure and research training structures 
are efforts that do not give immediate returns and there 
is no immediate visibility. When I joined QUT, I spent 
the first half of my fellowship setting up an organic 
electronics device fabrication and testing facility. At 
times, it was frustrating to see no output for all the hours 
I put in. However, in the long run, I found setting up  
the facility to be a very rewarding experience since that 
provided many opportunities to form collaborations 
and widened my scope of research. 

Being clear about my aspirations 
Everyone who works in academia has different ambitions. 
Telling my mentors about my aspirations was important 

Transitioning into independent research – 
my experience 
Soniya Yambem
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Queensland University of Technology, Brisbane, Australia – soniya.yambem@qut.edu.au

This article is a summary of my experience as an early career researcher when I was starting out as an 
independent researcher in a new university environment. The idea of having a fellowship and being able 
to work on my own project was very attractive. However, I realised very soon that this is not an easy task. 
Along the way, I learnt many new aspects that helped me embrace the challenges and transition into the 
next stage of my career as an academic researcher. 
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since that paved the way of how they would provide 
suggestions. It also helped me to have a five-year plan 
handy; one of the many things I learnt from my mentor. 
Plans change with time; however, it was very helpful 
to have well laid out goals and pathways to achieve. At 
times, when I was distracted, my plan helped me focus 
and stay on track. 

Volunteering to teach 
Even though I was in a research-only position, I sought 
out teaching and lecturing opportunities. I enjoyed 
not only being able to convey concepts in simple and 
easily understandable language, but also connecting 
my research work with the teaching content. This also 

Hosting students as part of QUT Vice Chancellor’s STEM Camp and making light emitting diodes (shown on top) in the  
lab (2016).

Research capacity building at QUT (2016). Assembling a 
series of glove boxes that are custom fitted with equipment 
for organic electronics device fabrication and testing.
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helped me in attracting students to work in my research 
area, which is absolutely essential for a successful career 
in academia.

Engagement & outreach activities 
I took part in many outreach and engagement 
activities, including a Vice Chancellor’s STEM camp 
and National Science Week. Being able to talk about 
research in a way that school students and grandmas can 
understand, helped me build my communication skills 
and increase my confidence. This came in quite handy 
during many networking events when I had to explain 
my research to non-experts in a couple of sentences. 
Effective communication of research and its impact on 
society is crucial. My engagement activities even helped 
me with writing grant applications and building my 
research profile.

Networking 
Well, there are many articles on the benefits of 
networking, and I attended many of these events. As an 
early career researcher, I found networking within my 
organisation very rewarding, and I was lucky enough 
to be invited as a VCRF to a number of these events . 
Initially, it was a bit daunting to talk to strangers and, 
even more so, to someone who is important! There was 
always this fear that I might say something stupid, which 
happens a lot more when I am nervous. Over the course 
of three years, I met many people and only towards the 
end did I start to realise how critical it is to know people 
within your organisation. Firstly, the networking led 
to collaborations that I would not have thought of. It 
is becoming increasingly important to show how you 
fit in with the organisation and that you are able to 
collaborate with others. Secondly, people in senior roles 
were made aware of my activities. This led to emails and 
information being forwarded to me whenever they saw 
an opportunity for me to collaborate with someone they 
know. In summary, networking within QUT helped me 
build my presence within the university.

Having a conversation and indulging in a bit 
of self-promotion 
Towards the second half of my fellowship, after gaining 
some confidence in talking to people, I began to 
communicate more with academics who are in executive 
roles and whom I met at one of the events or to whom 
I had been introduced by my mentors. Conversations 
did not have to be only organised as formal meetings. 
Whenever there was an opportunity, I would walk up 
to people and tell them about what was happening in 
my world, be it an important research publication or 
some challenges that I was facing at the time. It helped 
me resolve many issues and overcome many challenges 
along the way. 

Lastly, my activities and participation in many events 
during my fellowship were mainly due to my mentors 
who encouraged me and patiently explained their 
importance in the growth of my career. This re-
emphasises the significance of my first point: “Having a 
mentor” during the three-year fellowship. Most of what 
I learnt is still highly significant in moving forward in 
my career.
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Introduction
Maxwell’s equations define and shape our lives. They 
describe physics from the electromagnetic radiation 
from the Sun to the interactions of atoms within our 
bodies.  As well as underpinning life, understanding and 
controlling light through the understanding of these 
equations leads to the advanced photonic devices that 
are so critical to our economy: optical fibres, resonators, 
switches, and diffraction gratings.

Maxwell’s equations are intrinsically linear, and in 
most cases we may assume that all optical interactions 
are also linear. For example, we can say that when red 
light passes through an optical medium, such as a pair 
of glasses, it will still be red when it exits the medium.

The linearity of optical processes allows us to describe the 
physics of the light (electromagnetic radiation) separately 
from the physics of the material.  The medium modifies 
the light, but the light does not change the medium.  
However, with the invention of the laser, a new regime 
for optics was discovered – nonlinear optics [1].

When the intensity of the light (and here we really 
mean the spectral intensity – the amount of light in a 
given wavelength band) is sufficiently strong, the light 
can change the properties of the material it is travelling 
through, and this in turn changes the light. This is 
the nonlinear regime and in this regime it is no longer 
possible to treat the light and the material separately. The 
consequence of these mutual light-matter interactions 
leads to new effects and new devices. One of the typical 
nonlinear processes is second harmonic generation [1], for 

Bubbles and sound: The new frontier for 
nonlinear optics
Ivan S. Maksymov and Andrew D. Greentree
Australian Research Council Centre of Excellence for Nanoscale BioPhotonics, School of Science, RMIT University, 
Melbourne, Victoria 3001, Australia – ivan.maksymov@rmit.edu.au, andrew.greentree@rmit.edu.au

Nonlinear optical processes are vital for telecommunications and signal processing. Although lasers 
have important applications in biomedicine (e.g. in imaging, skincare, and kidney stone removal), 
nonlinear optical processes have had relatively little impact in this area because the high laser powers 
required to achieve nonlinearities cause photodamage to living cells and tissues. Acoustic nonlinearities 
are much stronger than their optical counterparts. Our modelling shows that acoustic nonlinearities can 
be used to generate optical nonlinearities without the need for lasers. This represents a paradigm shift 
in nonlinear optics that may ultimately improve health outcomes by ushering in new classes of low-
power biophotonic sensors.  Substitution of high-power lasers with light-emitting diodes that cost less 
than one dollar would also make biophotonic technologies more affordable for remote communities 
and developing nations. 

Figure  1: (a) Schematic of a regular nonlinear-optical 
process. High-power red laser light interacts with the 
nonlinear optical medium that results in the generation 
of ultraviolet light. (b) Nonlinear acoustics can be used 
to create nonlinear optics. Low-power light couples to a 
sound wave through strong nonlinear acoustic effects, and 
transduces nonlinearity back to the optical domain, which 
effectively reproduces the nonlinear-optical interaction in  
(a). Gas bubbles in water and liquid-metal nanodroplets 
are used as a nonlinear acoustic medium. The images are 
from www.freeimages.com and www.dreamstime.com.
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incident laser light, appear [3]. For example, in the second 
harmonic generation experiment schematically shown 
in Fig. 1(a), the high-intensity red light produced by a 
ruby laser (~694  nm wavelength) generates ultraviolet 
light (~347 nm) which is the second harmonic of the 
incident light.

Figure  2: (a) An artist’s impression of the optical fibre 
consisting of a Teflon tubing filled with, and immersed into, 
water with gas bubbles. The bubble size is exaggerated for 
illustration. (b) The fibre guides light by confining it in the 
bubbly water core. (c) The fibre is transparent for ultrasound. 
In the simulations in (b) and (c), the wavelength of light is 
532  nm and the frequency of ultrasound is 10  MHz. The 
image in (a) was taken from www.gettyimages.co.uk.

In our new approach, we use low-power light to 
exploit acoustic nonlinearities in liquids. For a sound 
wave travelling through air or water, the vibrations 
of the particles of the medium are best described by 
longitudinal waves [4]. A longitudinal wave creates 
compression and rarefaction regions where the particles 
are closest together and furthest apart, respectively. 
These regions may be pictured as a harmonic waveform 
with crests and troughs.

The sound wave deforms as it propagates, because the 
crests travel faster than troughs [4].  This means that 
even in the low-power regime, there is no ideal linear 
propagation. So, as with the case of nonlinear optics, the 
acoustic medium responds anharmonically. Although 
linearisation of the acoustic wave equations is possible, 
the application of linear acoustic equations in real-life 
systems is limited [4].

The periodic regions of compression and rarefaction 
of the particles of the medium lead to changes in the 
medium density, which also results in changes in the 
optical refractive index of the medium. Light perceives 
these changes as a diffraction grating that moves with 

example where high-intensity red light enters a material 
and a weak ultraviolet beam is seen at the exit [Fig. 1(a)].

At the low optical intensities we experience in our 
everyday lives, nonlinear effects are negligibly weak. 
Consequently, as an independent research area nonlinear 
optics began with the invention of the laser as practical 
sources of intense light needed to generate optical 
nonlinearities which were not previously available [1].

High-power lasers are, however, expensive, energy-
consuming, and the high intensity of light produced 
by them causes living cell and tissue damage, raising 
significant health and safety issues. This has motivated 
us to seek an alternative solution by using sound. 

Sound is described by travelling pressure waves, which 
means that sound consists of the changing motion of 
atoms and molecules through matter. Although there 
are fundamental differences, it is possible to treat sound 
propagation using methods analogous to those used for 
light.  But unlike the case with light, with sound, atoms 
are being moved relatively large distances. This in turn 
means that acoustic nonlinearities are easier to access 
than optical nonlinearities at lower power [2]. 

We sought to generate new optical nonlinearities by using 
low-power light to harness nonlinear acoustic processes. 
Such an approach would allow the use of low-cost, low-
power non-laser optical sources such as light-emitting 
diodes and discharge lamps to achieve nonlinear optical 
effects. This would represent a paradigm shift in the 
design and implementation of photonic devices. For 
example, low-power light-emitting diodes are easy to 
manufacture, cost less than one dollar and do not raise 
safety issues, which makes them affordable and easy 
to maintain for remote communities and developing 
nations.

High-power vs. low-power nonlinear optics
In regular nonlinear optics [3], the power of the laser 
light can reach several Watts and the optical electric 
fields in the laser beam can be of order of 108  V/m. 
When such a strong electric field is applied to a dielectric 
medium, a separation of bound charges is induced and 
the optical refractive index of the medium is changed. 
This also results in a collection of rapidly oscillating 
dipole moments µ induced in the medium. Therefore, 
the medium responds to the incident light as an 
anharmonic oscillator, i.e. oscillations with frequencies 
2ωopt, 3ωopt, etc., where ωopt is the frequency of the 
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the speed of sound, thereby enabling the transduction 
of the acoustic nonlinearity into a nonlinear optical 
process [Fig. 1(b)]. Significantly, high light intensities as 
those produced by lasers are not required to enable the 
transduction.

Liquids have little free space between particles, which 
implies that they are not easily compressible. Gases, on 
the other hand, are easily compressible. This distinction 
leads to a new concept of the interaction of light with 
acoustically-driven gas bubbles in liquids.

The compressibility of bubbles means that nonlinear 
acoustic processes of bubbles in water are much stronger 
than in water without bubbles. This means that when 
an acoustic wave in water reaches a gas bubble, the 
amplitude of the acoustic wave is considerably amplified 
inside the bubble, resulting in dramatic changes in the 
bubble volume and shape [5]. The latter results in large 
acoustic wavefront deformations and therefore leads to 
very strong or so called giant acoustic nonlinearities [2].

The optical refractive indices of air and water are 
n=1 and n=1.33, respectively. Therefore, when a gas 
bubble interacts simultaneously with light and sound, 
large changes in the volume and shape of the bubble 
lead to large changes in the propagation of the light. 
More specifically, the strength of light scattering from 
sound becomes a function of the nonlinear process of 
compression and rarefaction of the gas inside the bubble, 
which transforms the giant acoustic nonlinearity of gas 
bubbles into the optical domain.

Plasmon enhancement
A plasmonic nanoantenna enhances the light-matter 
interaction. For example, the interaction of light with 
sound in water may be increased when gold or silver 
nanoparticles are present in water [6]. This increase is 
due to the plasmon resonances – collective oscillations 
of the electron charge around metal nanoparticles in 
resonance with the frequency of the incident light. 

The interaction of light with acoustically-driven gas 
bubbles in water is expected to result in strong net 
optical nonlinearities. However, if the bubbles could 
be made of metal, their interaction with light would be 
even stronger due to the plasmon resonances as in the 
case of solid-metal nanoparticles.

Of course bubbles in water cannot be made of metal. 
However, we could find a workaround by combining 

bubbles with metal nanoparticles that support plasmon 
resonances to achieve the effect of a “metal bubble”. For 
example, we calculated that the strength of nonlinear 
optical effects obtained from sound and bubbles can 
be increased by a factor of 50 by adding gold or silver 
nanoparticles into water with gas bubbles [6–9].

To continue exploring the possibility of a “metal bubble”, 
we turned our attention to the fact that physics of liquid 
droplets and gas bubbles is essentially the same. Indeed, 
a liquid droplet surrounded by air can be regarded as an 
“inverse” air bubble in water [10]. Consequently, liquid 
droplets oscillate in response to sound similar to gas 
bubbles and they also exhibit strong nonlinear acoustic 
properties analogous to those of gas bubbles [10].

However, water and other common liquids cannot 
support plasmon resonances. Nevertheless, we found 
that liquid metals, including non-toxic metals that are 
liquid at room temperatures such as gallium and its 
alloys, are excellent candidates for this role because they 
may form liquid nanodroplets that interact with light 
similar to more conventional plasmonic gold and silver 
nanoparticles.

Our numerical simulations [9] demonstrate that 
acoustic nonlinearities of liquid-metal nanodroplets can 
be transduced into the optical domain [Fig. 1(c)]. We 
experimentally tested (to be published) eutectic gallium-
indium (EGaIn, 75% Ga 25% In by weight, ~15.5 oC 
melting point) nanodroplets suspended in ethanol [11] 
(produced by our collaborators from North Carolina State 
University), and demonstrated that they support plasmon 
resonances in the visible and ultraviolet spectral ranges.  

Nonlinear-optical fibres filled with bubbly 
water and/or liquid-metal nanodroplets
Liquid-core optical fibres [12] consist of a low-refractive 
index tubing (n = 1.29 for Teflon) and a high-refractive 
index core (n  =  1.33 for water). We designed novel  
liquid-core fibres filled with bubbly water [Fig.  2(a, 
b)] [7]. Our fibres are also impedance-matched for the 
acoustic wave. More specifically, our fibres operate as a 
conventional optical fibre by guiding light inside their 
water core as well as they do not reflect ultrasound 
[Fig.  2(c)]. We conducted preliminary experimental 
tests of bubbly water-core fibres and also simulated 
a scenario where liquid-metal nanodroplets are 
used inside the water core of the fibre instead of gas 
bubbles. We plan to use such fibres to experimentally 
demonstrate low-power nonlinear optical effects. 
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An example: Optical frequency comb 
generation from nonlinear ultrasound
An optical frequency comb is a spectrum consisting 
of a series of discrete, equally spaced peaks that 
have a well-defined phase relationship between each 
other, a phenomenon called phase locking [13]. 
Combs are important in precision measurements, 
microwave generation, telecommunications, astronomy, 
spectroscopy, and imaging [14]. They are also used for 
early detection of diseases via analysis of the human 
breath [15].

Figure  3: Optical frequency comb generated from 
nonlinear ultrasound (theory). In this particular example, 
the spacing between the comb peaks equals 1  MHz, 
which is set by the frequency of the incident sound. Note 
an enhancement (red solid curve) in the peak intensity 
due to plasmon nanoparticles (NPs) with respect to 
bulk water without nanoparticles (green dashed 
curve). Both solid-metal nanoparticles and liquid-metal 
nanodroplets may be employed to achieve this effect.  

In integrated photonic devices, the generation of 
optical frequency combs is often based on a cascade of 
nonlinear-optical four-wave mixing processes in a high 
quality factor microresonator [16]. In our approach, 
when optical frequency combs are produced from 
acoustic nonlinearities, we first obtain equally-spaced 
acoustic frequency peaks with the same phase, and then 
convert these peaks into an optical spectrum that inherits 
the equal frequency spacing and phase-locking [7]. 
 
The physics of this process is the following. The sound 
wave that produces local changes in pressure and 
modulates the refractive index of the liquid. Light 
perceives this modulation as a diffraction grating 
moving with the speed of sound. The propagation of 
sound in liquids leads to nonlinear effects, which gives 
rise up to 15 higher-order harmonic sound waves [2]. 
These are also perceived by light as moving diffraction 
gratings produces by each harmonic sound wave.

Thus, two physical effects describe the light–sound 
interaction: (i) the Bragg reflection of light from the 
moving diffraction gratings produced by sound waves 
and (ii) the Doppler shift – the change in the frequency 
of light as the gratings move with respect to the source of 
light. In a quantum mechanical picture, the interaction of 
light with sound is an inelastic process where the photon 
energy is not conserved. As a result, the interaction of 
light with sound creates Brillouin peaks shifted from the 
central (Rayleigh) peak by the frequencies of the nonlinear 
sound waves (Fig. 3). The central peak is due to the elastic 
scattering of light (where photon energy is conserved). 
 
Conclusions
Every university-level textbook on optics and photonics 
will explain that nonlinear optics is mostly impossible 
without lasers. But our modelling shows that acoustic 
nonlinear ultrasound unlocks a new regime of low-
power optical nonlinearities that do not require lasers.  
Removing the restriction of high power laser operation 
opens up new applications in biosensing as well as 
compact and readily deployable nonlinear optical 
elements for photonics, telecommunications and sensing. 
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AIP Careers Night 
2018

This year’s event was a collaboration between the AIP, 
the University of Melbourne Physics Students Society, 
Swinburne Physics Club, RMIT University Physics 
Students Association, La Trobe University Physics 
Society, and the Monash University Society of Physics, 
Astronomy, and Mathematics It gave physics students 
the opportunity to network, create collaborations and 
discover what careers may await them after finishing 
their physics degree. The evening included a Q&A panel 
session with speakers Helen Maynard-Casely, Amanda 
Perdomo, Tom Payten, and Daniel Langley, followed by 
time for the 140 students to mingle with 30 attending 
academics and industry representatives. 
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Totally Random: Why Nobody Understands 
Quantum Mechanics  (A Serious Comic on 
Entanglement)

by Tanya Bub and Jefferey Bub, Princeton University Press (2018), 272 
pages, Paperback ISBN 9780691176956, eBook ISBN 9781400890392

Reviewed by Anna Binnie: a.binnie@binnie.id.au

‘A comic that explains quantum mechanics. Are you 
kidding?’ That is what I thought when I saw this book. 
I am not a fan of comics as a literary style. This overall 
comic style uses the Galilean/Greek dialogue method 
to expound the theories: we have a ‘Simplicio’ character 
asking the questions, an ‘authority’ figure answering, 
and a third voice from the guest presenters, developing 
and critiquing the concepts. This presentation works 
extremely well, and the comic format enhances the use 
of multiple voices. Essentially, the book is funny in parts 
and surprisingly easy to skim-read. The book is also 
peppered with images of many of the important papers 
in the field.

The work starts by introducing the notion of 
entanglement, using illustrated thought experiments 

that are based on coin tossing and establishing tables 
to explain the results; and yes, Bell’s Theorem figures 
strongly here. This sets the stage for the problems that 
follow, and briefly allows the reader to experience the 
discomfort of statistical randomness that occurred to 
those who originally explored this new field.

The discussion then uses Einstein’s attempts to apply 
logic to these results, followed by Schrödinger’s 
apparently paradoxical idea of two opposite states co-
existing (Schrödinger’s cat does feature as well). This 
leads comfortably to the notion of multiple universes 
to explain these seemingly contradictory events. We are 
then introduced to Bohr’s notion of complementarity, 
and the fall of causality in random events. This is exposed 
as a debate, with the characters representing Einstein and 
Bohr figuring prominently. Some of these discussions are 
a little confusing and require more concentration on the 
part of the reader, and some are totally incomprehensible. 
The image of multiple characters adds to the confusion, 
since not all of the characters’ ideas are properly 
articulated. This section of the book is probably the least 
enjoyable. It could have been improved if references or 
notes were included about the characters identities and 
their ideas. 

The final part of the book looks at possible applications 
of quantum mechanics: quantum encryption leading to 
quantum computers and teleportation. This section is 
possibly the most enjoyable, and is the best explained. 
The discussion dealing with quantum encryption is 
particularly well presented and raises more than one 
giggle as the problem is explored. The section on quantum 
computing occurs in a casino and articulates some of the 
ideas behind this application of quantum mechanics. The 
section on teleportation flows on almost seamlessly. The 
book is well referenced should the reader wish to follow 
up any of its comments or ideas.

I really enjoyed the book both for the first and the last 
sections. Its expositions, both of setting out the problem 
and later applications of the theories, were excellent.

So what audience is this book aimed at? The 
acknowledgements point to a teenage audience or 
perhaps younger. I would recommend the book to 
anyone who wants a broad understanding of the ideas 
behind quantum mechanics, without having to deal 
with its mathematics. Although mathematics might 
explain these ideas better than words, it would be well 
beyond many curious readers. The complexity of the 
ideas discussed means that bright high school students 
or interested adults would really enjoy this work. A word 
of warning: the comic style and imagery suggest that one 
could read this all in one sitting. Don’t! Allow the ideas of 
one section to gel before you go to the next section. Take 
your time and, above all, enjoy the read.

BOOK REVIEWS 
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SAMPLINGS
Weyl phononic crystal negatively refracts 
sound waves
The interface between two facets of an artificial material 
known as a “Weyl phononic crystal” can not only 
negatively refract an airborne sound wave, it does so 
without reflecting it at all. This hitherto unseen wave 
behaviour could be important for fundamental studies of 
condensed matter and find many practical applications 
in acoustics, electronics and optics too.

Refraction occurs when waves pass from one medium 
to another and change direction. Although part of the 
wave’s energy passes through the interface between the 
two different media during this process, the rest of it 
is inevitably reflected from the interface. Refraction 
and reflection are two fundamental interfacial wave 
phenomena and are exploited when making devices like 
optical lenses.

Negative refraction of topological surface acoustic waves 
occurs at the 1D edge shared by two adjacent facets of a 
Weyl phononic crystal, in which reflection is completely 
forbidden. (Courtesy: C Qiu)

In naturally-occurring materials, incident and refracted 
waves always find themselves on opposite sides of 
the normal (an imaginary line perpendicular to the 
interface). However, this is not the case in artificially 
engineered “negative refractive index” materials (that 
bend light in the opposite way to normal materials). 
Here, the refracted wave can emerge on the same side of 
the normal as the incident one.

Such “metamaterials”, which were put forward in theory 
in 1968 by Victor Veselago and then actually engineered 
at the beginning of this century thanks to pioneering 
work by John Pendry, have allowed for important 

advances in optics, acoustics and plasmonics (a relatively 
new field that is based on light-electron interactions 
in metals). Reflection unsurprisingly occurs in these 
materials too, but it is unwanted since it reduces the 
efficiency of devices made out of them.

Zero reflection of light is not seen in natural optical 
materials, but it does occur in some emerging classes 
of topological quantum matter – when electrons are 
quantum-mechanically reflected, for instance. An 
example of such a material is a topological insulator, 
which is electrically insulating in its interior but 
conducting on its surface thanks to electronic waves 
called topologically protected surface states (induced 
by the topology of the material’s bulk electronic band 
structure).

Researchers led by Chunyin Qiu and Zhengyou Liu 
have now taken inspiration from another recently-
discovered topological quantum material: a Weyl 
semimetal. The topological surface states in this material 
cannot propagate in all directions but are limited to a 
certain range of directions. These form so-called Fermi 
arcs, and because they do not include the direction in 
which reflection would normally occur, it is inherently 
forbidden.

In their work, which they report in Nature, Qiu and 
colleagues studied an acoustic analogue of a Weyl 
semimetal by making “woodpile” phononic crystals 
comprising stacked trilayer-based building blocks. “Each 
trilayer unit consists of thee identical square epoxy rods 
that are twisted anticlockwise by 2π/3 along the vertical 
direction layer-by-layer and associated with a triangular 
lattice in the horizontal plane,” explains Qiu.

“We found that airborne acoustic waves could be 
negatively refracted at the interfaces between two 
adjacent facets of a woodpile crystal without being 
reflected,” he says. “Ours is also the first experimental 
observation of negative refraction for topological surface 
states.” 

This combination of negative refraction and zero 
reflection could be put to good use in many applications. 
One example: improving the resolution of ultrasonic 
imaging and testing, says Baile Zhang of Nanyang 
Technological University in Singapore in a related 
Nature News and Views article.

[Hailong He et al., Nature 560, 61-64 (2018); DOI: 
10.1038/s41586-018-0367-9]

Extracted with permission from an item by Belle Dumé 
at physicsworld.com.
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US targets electron-ion collider to stay top 
in nuclear physics
The US should begin planning a next generation 
electron-ion collider (EIC) to study the structure of 
protons and neutrons in unprecedented detail. That 
is according to a 15-strong committee of the National 
Academies of Sciences, Engineering, and Medicine. It’s 
115-page report, commissioned by the US Department 
of Energy (DOE), says that an EIC with high energy 
and luminosity as well as highly-polarized electron 
and ion beams “would be unique to greatly further our 
understanding of visible matter”.

The STAR detector at the current Relativistic Heavy Ion 
Collider. (Courtesy: BNL)

By accelerating and smashing together electrons with 
protons or ions, an EIC, the report says, would address 
profound questions about nucleons such as how their 
mass and spin arise and what is the role of gluons, the 
carrier of the strong force. The report calls for a machine 
that can accelerate electrons up to 20 GeV and ions with 
an energy up to 300 GeV at high luminosity.

 “The science that can be addressed by an EIC is 
compelling, fundamental, and timely,” says Gordon 
Baym from the University of at Urbana-Champaign, 
who co-chaired the committee. “The realization of an 
EIC is absolutely crucial to maintaining the health of 
the field of US nuclear physics and would open up new 
areas of scientific investigation.”

That view is backed up by panel member Richard 
Milner, a physicist at the Massachusetts Institute of 
Technology. He told a press briefing that the EIC “would 
have a substantial impact on US accelerator science, and 
in the production of breakthroughs in understanding 
materials and in life science”.

The committee emphasizes that no specific design for 
the facility is under way and that the committee’s remit 
did not include any estimate of the US EIC’s costs or 

location. However, the long-range plan for nuclear 
physics — as set out in 2015 by the DOE and the 
National Science Foundation — identifies construction 
of a high-luminosity polarized EIC as the highest priority 
following the completion of Michigan State University’s 
Facility for Rare Isotope Beams in 2020.

Indeed, the panel asserts that significant and relevant 
accelerator infrastructure and expertise already exists in 
the US. The Brookhaven National Laboratory (BNL) 
operates the Relativistic Heavy Ion Collider,  which 
smashes together heavy ions to study quark-gluon 
plasma, while the Thomas Jefferson National Accelerator 
Laboratory’s recently upgraded Continuous Beam 
Accelerator Facility accelerates electrons before firing 
them into fixed targets. 

Extracted with permission from an item by Peter 
Gwynne at physicsworld.com.

Gravity waves make clouds disappear
Rapid clearances in cloud coverage in the south-east 
Atlantic Ocean could be caused by pulsing atmospheric 
gravity waves originating from the African mainland. 
Using satellite images, a research team led by Sandra 
Yuter at North Carolina State University in the US 
explored the atmospheric mechanisms involved in the 
cloud dissipation for the first time. Their work could 
become crucial in understanding heating processes in 
the Earth’s atmosphere.

Between April and June, satellite images have revealed 
that large areas of stratocumulus clouds off the coast of 
south-western Africa often rapidly erode over periods of 
just around 15 minutes. According to the images, the 
clouds are partially or completely cleared along sharply-
defined transition lines, which can be hundreds or 
even thousands of kilometres long. The lines propagate 
westwards at speeds of 8 to 12 metres per second, 
travelling as far as 1000 kilometres from the coast.

In their study, Yuter’s team concluded that the wave-like 
patterns exhibited by the clouds extend too far into the 
ocean to be caused by heat transfer from land. Instead, 
they proposed that the effect is caused by gravity waves 
– oscillations in the buoyancy of the atmosphere that 
propagate due to the force of gravity. Such gravity waves 
often appear as transitions from overcast to clearer skies, 
or from thicker to thinner clouds, and previous studies 
have shown that gravity waves can create clouds. Until 
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now, however, the mechanisms involved in reducing 
cloud cover have not been widely studied.

Yuter and colleagues suggested that if gravity waves 
are the true cause of the cloud dissipation, they are 
most likely to be triggered by the interaction between 
offshore winds flowing perpendicular to the African 
coastline with the more stable marine boundary layer 
in the atmosphere. A train of regular gravity waves is 
then created due to offshore breezes being consistently 
generated every day. The enhanced atmospheric 
turbulence from these wave trains causes warm, dry air 
from the upper troposphere to move down to the cloud 
layer, quickly dispersing cloud coverage.

Since clouds reflect heat from the Sun, giving them a 
critical role in cooling the Earth’s climate, the research 
could provide important insights into creating models 
that accurately predict atmospheric heating. Yuter’s 
team acknowledge that this will require more targeted 
observations of the atmosphere of the south-east Atlantic, 
using techniques including dropsondes, airborne 
radars, and lidar measurements. In future studies, the 
researchers hope to use a combination of observations, 
re-analysis and atmospheric modelling on smaller scales 
to confirm their proposal.

[Sandra E. Yuter et al., Science, 19 Jul 2018: eaar5836; 
DOI: 10.1126/science.aar5836]

Extracted with permission from an item by Sam Jarman 
at physicsworld.com..

This westward-moving cloudiness transition was observed 
off the coast of Africa at 1.30pm local time on 26 May 2014, 
with the left-hand image showing the regional view and 
the right-hand one showing a close-up of the transition 
boundary. Satellite data are MODIS corrected reflectance 
imagery from NASA Worldview. Horizontal and vertical 
axes are labelled with degrees east longitude and west 
latitude respectively. (Courtesy: North Carolina State 
University)

CONFERENCES, SCHOOLS & 

WORKSHOPS

IPAC 2019 — 10th International Particle 
Accelerator Conference

05 - 10 May 2019, Melbourne
IPAC is the main international event for the 
worldwide accelerator community and industry. 
Attendees will be presented with cutting-edge 
accelerator research and development results and 
gain the latest insights into accelerator facilities 
across the globe.

Call for abstracts opens 1/October 2018.
http://www.nir2019.com/

NIR-2019 — 19th biennial meeting of the 
International Council for NIR Spectroscopy 
(ICNIRS)

15 – 20 Sept 2019, Gold Coast
Near IR spectroscopy has moved from being used 
in a few laboratories for a few applications, to a 
technology that has application in sectors from 
agriculture to medicine, from environmental 
science to pharmaceuticals, from geoexploration 
to food technology. Furthermore, NIR has moved 
out of the laboratory and into the field with remote 
sensing and hyperspectral imaging going beyond 
1,000 nm into the short wavelength IR.

Call for abstracts opens 1/October 2018.
http://www.nir2019.com/
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PRODUCT NEWS
Lastek
1.  Quantum Composers Mid-IR laser 

The MIR Series Mid-Infrared Laser delivers >1 mJ 
energy and <10 ns laser pulses with factory-selectable 
infrared wavelengths from 1.5 microns to 4 microns. The 
Mid-IR laser was developed in partnership with Bridger 
Photonics and offers software-selectable output pulse 
energies in a compact and robust package. The system is 
diode pumped, which eliminates the need for scheduled 
maintenance and water cooling. These features facilitate 
a hassle-free integration into laboratory experiments, or 
use as an OEM unit.

Specifications: 

•  Factory selectable emission from 1.5 to 4 microns 

•  Single longitudinal mode pump 

•  Compact form factor (3.5îx6îx8î) 

•  <10 ns (<6ns typical) pulse durations 

•  >1 mJ max pulse energy

•  Programmable pulse energy 

•  10 or 20 Hz repetition rate 

•  <1% pulse energy fluctuations -

•  M2 < 5 beam quality standard ( M2 < 3 optional) 

•  No water cooling required 

2.  LaVision New ParticleMaster inspex system for 
size, shape and velocity measurements of particles 
and droplets in laboratory use

LaVisionís new ParticleMaster inspex system is a highly 
integrated testing tool for in-situ size, shape, and velocity 
measurements of spray droplets, particles and granules 

The high-magnification LaVision Particle Master 
inspex imaging system operates with a large variety of 
media and particle types. The compact self-contained 
probes and light sources in splash proof (IP54) design 
makes it ideal for application in harsh and challenging 
environment. The entire system runs "out-of-the-box". 
With the factory calibration included, it can be easily 
integrated into laboratory testing environment. Probes 
are available for different sizing ranges and working 
distances to match the individual needs.

The probes come with high resolution detectors for size 
and optional velocity measurements. The built-in laser-
free light source guarantees eye-safe operation and ultra-
short exposure to capture even fast moving droplets and 
particles. The whole system uses a dedicated controller 
for an easy use of the system. The ParticleMaster software 
package offers versatile analysis option like size histograms, 
scatterplots and weighted averages (D32, Dv50 etc.).
• in-situ particle imaging: size, shape and velocity
• no sample preparation required
• compact self-contained probes and lights
• fully factory aligned ñ no customer calibration  
 needed
• includes size and depth-of-field calibration
• eye-safe LED operation
• splash proof IP54 design

The compact and highly integrated design of the 
ParticleMaster inspex aims for daily laboratory use and 
quality control testing. The system is ready to use out 
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of-the-box, splash-proof and eyesafe. A well-defined 
mechanical interface allows the integration into existing 
test benches.

3. The New axiom 660 laser available from Laser 
Quantum
The Laser Quantum axiom 660 has a new architecture 
that delivers high CW power whilst incorporating all of 
the active optics within the laser lead. The axiom lends 
itself to easy integration into equipment due to its ultra-
compact power supply unit, without the complexities 
associated with fibre delivery.

The axiom 660 is ideally suited to a range of applications 
including Particle Imaging Velocimetry (PIV), Raman 
imaging, and a wide range of fluorescence imaging 
techniques. The high-power enables a brighter image 
in PIV and imaging of Raman emission over a larger 
area. With its high power, excellent beam characteristics 
and size, the axiom 660 addresses several fluorescent 
dyes including Atto 647N and Atto 655 for fluorescence 
imaging and super resolution microscopy.

• Continuous wave 660 nm laser

• Market-leading power up to 6 W

• Integrated diode-in-head

• Extremely compact power supply unit

• Remote connection capability

• PowerLoQ power stability

• Hermetically sealed

• Turnkey operation

• High efficiency

• Extreme stability

For further information please contact:  
Lastek Pty Ltd; Tel: 08 8443 8668
sales@lastek.com.au, www.lastek.com.au

Coherent Scientific
NEW Linear Stages with Superior Precision and 
Flexibility

Aerotech’s ATX series linear positioning stages combined 
the performance capabilities of a high-precision 
crossed-roller-bearing positioner with the convenience 
and simplicity of a ball-screw drive mechanism. This 
combination affords superior minimum incremental 
step size and in-position stability making it ideal for 
high precision vertical tasks such as positioning of 
sensors and cameras, optics focussing and beamline 
measurement. Outstanding motion performance and 
a variety of advanced options and features offer superb 
value and make the ATX series an excellent choice.

For further information please contact:  
Jeshua Graham 
Coherent Scientific Pty Ltd 
jeshua.graham@coherent.com.au 
www.coherent.com.au

Warsash
New laser wavelengths for Raman
Cobolt AB, a part of HÜBNER Photonics, introduces 
the addition of a new wavelength of 640 nm to the Cobolt 
05-01 Series of single frequency lasers. With up to 500 
mW and a linewidth of <1 MHz, the Cobolt Bolero™ 
is ideal for holographic and advanced interferometric 
applications. The Cobolt Bolero™ complements Cobolt’s 
current offering of RGB single frequency lasers: Cobolt 
Flamenco™ 660 nm with up to 500 mW, Cobolt Samba™ 
532 nm with up to 1.5 W and Cobolt Twist™ 457 nm 
with up to 200 mW.

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 
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• Excellent lateral resolution for rough and reflective 
surfaces

• Smart Surface Scanning technology measures even 
on high-contrast surfaces

• Powerful TMS software, with component recognition 
as an option

• 2D and 3D presentation modes with video overlay
• Sensor head as stand-alone solution too
• Non-contact measurement of microstructures 
• Application-specific objectives (including LWD 

objectives for vacuum chambers

L-306 compact Z stage
Physik Instrumente, a global leader in the design and 
manufacture of high precision motion control systems 
has launched L-306 compact Z stage. 

The L-306 is a new series of compact Z stages with drive 
screw, a maximum travel range of 13mm for loads up to 
2kg and a footprint of 63x63mm.  Motor options include 
2-phase stepper, 2-phase stepper with incremental 
encoder or DC motor with incremental encoder  The 
L-306 has the following key features:
• Travel range: 13mm
• Minimum incremental motion: 2.5mm (0.1mm 

with encoders)
• Velocity: 5mm/s
• Bidirectional repeatability: ±2mm (0.5mm with 

encoders)
• Load capacity: 20N
• 63x63mm footprint

For more information, contact Warsash Scientific on 
+61 2 9319 0122 or sales@warsash.com.au.

with exceptional reliability. With demonstrated lifetime 
capability of >60 000 hours and several thousand units 
installed in the field, Cobolt lasers have proven to 
deliver unmatched reliability and performance both in 
laboratory and industrial environments and are offered 
with market leading warranty terms.

TMS-1200 µ.Lab high performance optical profiler

The new Polytec TMS-1200 TopMap µ.Lab, allows 
characterisation of surfaces and  microstructures with 
a very high lateral resolution. The optical profilometer 
determines parameters such as texture, flatness, ripple 
and roughness on both fine and sensitive structures. 
The Polytec Smart Surface scanning technology even 
measures areas of a surface with different reflectivity’s.
Individual images are stitched together with ease using 
an optional, motorized XY positioning stage.  
Key features include:
• Non-contact measurement of microstructures and 

sensitive surfaces
• 3D topography measurement and roughness 

determination with nm resolution
• Determines film thickness and surface defects
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diversity and inclusion workshop.
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(08) 8150 5200
sales@coherent.com.au
www.coherent.com.au

Dedicated to the 
Science of Motion

Nanopositioners
• Linear stages, 1nm resolution

• Rotary stages, 0.01 arc-second resolution

• Vertical Lift and Z Stages

• Goniometers

Linear Stages
• Rugged design

• Many models, travel range 25-1500mm

• Maximum travel speed 1400mm/s

• Sub µm accuracy achievable

Hexapods
• Six degrees-of-freedom positioning

• 110mm linear travel

• 40° angular motion

• Flexible configurations and customisation

Read more in the Product News section inside


