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Cover picture: As part of a five year long NASA national air quality project,  
a tethered balloon and air testing payload ascends into the  Colorado skies  
and relays meteorological (barometric pressure,wind speed,etc), pollution  
and emissions data (NO2, ozone, etc.) to a mobile ground station located  
on the Colorado State property on South Table Mountain. 
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The EPS com-
munity has 
tremendous 
influence and 
real power to 
improve our 
world when 
we set goals 
and work 
together.

 [EDITORIAL]

A Presidency Perspective
This editorial will be the last that I write for EPN after two years as 
EPS President. Building on the exceptional platform that I inherited 
from Luisa Cifarelli and the many presidents before me, I have had 
the great honour to serve EPS and to see it develop further in a 
number of important directions. 

F
rom a personal perspective, it 
was extremely rewarding to see 
at first-hand the tremendous 

strength of European physics, but it 
was also very eye-opening to learn 
of the major challenges that many 
of EPS’s members face in promoting 
the importance of physics in gener-
al, and maintaining a critical mass of 
membership. EPS’s community of 42 
national societies extends well beyond 
the boundaries of the European Union, 
and includes many countries that have 
been facing great difficulties in funding 
science and education for decades. But 
it has been truly inspiring for me to see 
the personal commitment and dedica-
tion shown by physicists to continue 
to promote the discipline and to work 
hard to encourage students and young 
researchers into the field. 

I am sure that I am not the first 
EPS president to discover that EPS is a 

far more complex society than it may 
seem at first sight! Supporting physicists 
across such a broad geographical area 
with very different levels of resources is 
already challenging, but then of course 
one has to factor in the (sometimes very 
large) differences in day-to-day con-
cerns and working practices between 
the diverse thematic areas of the subject. 

Determining how best to serve the 
European physics community and 
how best to respond to the many spe-
cific questions that arise (seemingly on 
a daily basis!) is not easy. But I think 
that when one reviews the many ac-
complishments of EPS since its foun-
dation back in 1968, it is safe to say that 
we are at our most effective when we 
play to our particular strength to bring-
ing different parties together towards a 
common objective, and when we ini-
tiate actions that leverage our unique 
“European” mandate. I do not believe 

it is an exaggeration to say that the EPS 
community has tremendous influence 
and real power to improve our world 
when we set goals and work together. 

I now pass the baton to Christophe 
Rossel, who will serve as President 
during the International Year of Light, 
and as EPS continues its many ongoing 
actions in education, outreach, and in 
promoting physics on the European 
level. I wish him all the very best for 
the next two years.

It remains for me to simply express 
my appreciation once again to all EPS 
members for having entrusted me 
with this responsibility, and my sincere 
thanks to the EPS Executive Commit-
tee, the Secretary General and all the 
Secretariat staff for their help and sup-
port over the last two years. n

 l John Dudley
President of the EPS

. John Dudley 
(centre) and 
David Lee (far 
right) thanking 
international 
physics students 
for their help 
at the IYL2015 
Opening 
Ceremony.
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EPS HISTORIC SITES

T
he tablet is only a few meters away from the bronze bust of the 
man who made the building famous: Heike Kamerlingh Onnes. 
The text of the plaque reads:

European Physical Society – EPS Historic Site
Kamerlingh Onnes Laboratory and Lorentz Institute
Here, in 1908, Heike Kamerlingh Onnes first succeeded in liquefying 
helium. This opened up a wide field of low-temperature experiments, 
and led to the discovery of superconductivity in 1911. 
Here, in 1896, Pieter Zeeman discovered the splitting of atomic spectral 
lines by a magnetic field. Hendrik Lorentz interpreted this as an effect of 
the magnetic force on the oscillation of hypothetical charged particles, 
which later became known as electrons.

In 1859, a complex was built to accommodate the chemistry, physics 
and anatomy departments of Leiden University, in the heart of Leiden on 
Steenschuur, the location which has now been honoured by the EPS. Eight 
years later, a new building arose at the back side of the complex. This was 
the new Physiological Laboratory, led by Willem Einthoven, the inventor 
of the electrocardiograph. 

Two explosions
And so at last the gaping hole was filled which an exploding gunpowder 
ship had left by ruining dozens of houses along Rapenburg, on 12 January 
1807. It was a devastating explosion which, as Carlo Beenakker (Lorentz 
Institute) so aptly put it at the official ceremony on last February 9, was 
followed around the turn of the century by a second blast – meaning the 

Kamerlingh Onnes Laboratory 
and Lorentz Institute 
Leiden, The Netherlands  

‘The coldest place on earth’

On 9 February 2015, the site of the former Physics 
Laboratory of Leiden University was officially 
recognised as one of the ‘EPS Historic Sites’ 
of the European Physical Society. On that day 
EPS president-elect Christophe Rossel unveiled 
the commemorative plaque near the present-day 
entrance to the complex (since 2004 the location 
of Leiden University’s Law Faculty). 

http://www.europhysicsnews.org
http://www.eps.org/?page=publications
mailto:vrvr@icmm.csic.es
Hermans@Physics.LeidenUniv.nl
mailto:d.lee@eps.org
mailto:x.dearaujo@eps.org
http://www.eps.org/
mailto:agnes.henri@edpsciences.org
mailto:jessica.ekon@edpsciences.org
http://www.edpsciences.org
mailto:info@route66-agence.com
http://www.edpsciences.org
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sparkling research produced by Leid-
en’s physicists.

Physics in Leiden had already be-
gun to sparkle in 1873, when Johannes 
Diderik van der Waals obtained his 
doctorate in Leiden with a thesis 
entitled Over de continuiteit van den 
gas- en vloeistoftoestand (On the con-
tinuity of the gaseous and liquid state). 
The equation of state and the law of 
corresponding states which he formu-
lated in this pioneering study were at 
the heart of a programme later carried 
out by Heike Kamerlingh Onnes, who 
had been appointed Professor of Ex-
perimental Physics in Leiden in 1882. 
Heike was a man of vision, patience, 
stamina, great organizational skills, 
diplomacy, guts and a gift for getting 
his way, all of which he used to create 
from scratch a cryogenics laboratory 
second to none in the world – a fore-
runner of Big Science.

Coldest place on earth
On 10 July his programme led to a 
first major success when he succeed-
ed in liquefying helium at a temper-
ature of 4 kelvin (and by evacuating 
the helium in an attempt to solidify 
it, Kamerlingh Onnes achieved a 
temperature of approx. 2 kelvin that 
same day). Leiden held on to its mo-
nopoly position on liquid helium 
until 1923 and remained ‘the coldest 
place on earth’ into the 1930s. In 1911 
Kamerlingh Onnes and his research 
staff (including Gilles Holst, the first 

director of Philips Research or NatLab 
as it was then called) also discovered 
superconductivity. A century later, 
this discovery was distinguished with 
a ‘Milestone Award’ by the IEEE. For 
his pioneering helium research, Ka-
merlingh Onnes received the Nobel 
prize in 1913.

Theoretical breakthroughs
In addition to these experimental 

feats, Leiden made considerable the-
oretical contributions in the post-Van 
der Waals era. In 1877 Hendrik An-
toon Lorentz was appointed Professor 
of Theoretical Physics, one of the first 
in Europe to hold such a chair. His re-
search concerned the interaction be-
tween light and matter. In the 1890s he 
published his ‘electron theory’ based 
on the atomistic structure of elec-
tricity. When in 1896 Pieter Zeeman, 
assistant to both Kamerlingh Onnes 
and Lorentz, discovered the effect of 
a magnetic field on the D spectral line 
of sodium (initially a broadening of 
the line, followed by splitting in later 
more accurate experiments), Lorentz 
came up with an explanation based on 
his electron theory within days. The 
polarization of light from the edges 
of the sodium line which Lorentz had 
also predicted in passing was actually 
observed by Zeeman in a follow-up 
experiment. In 1902 the two physicists 
were awarded the Nobel prize for the 
discovery of the so-called ‘Zeeman 
effect’ and Lorentz’ explanation.

More Nobel prizes
In 1912 Lorentz left to become curator 
of the Physics Cabinet at Teylers Muse-
um in Haarlem. His successor in Leiden 
was Paul Ehrenfest, a colourful physicist 
who organized weekly colloquia to dis-
cuss the latest developments in the field 
of theoretical physics with great gusto and 
without mincing words – the Colloquia 
Ehrenfestii still exist. Among Ehrenfest’s 
students were Samuel Goudsmit and 
George Uhlenbeck, who discovered the 
electron spin in 1925. Another student 
was Jan Tinbergen, who obtained his 
doctorate under Ehrenfest with a thesis 
on an econometric subject in 1929. Forty 
years later he became the first Nobel prize 
winner in this new discipline. All these 
theoretical physicists operated from their 
own institute, located next to the boiler 
house of the Physics Laboratory – it was 
renamed Kamerlingh Onnes Laboratory 
in 1932. When the Physiological Labo-
ratory moved to new premises in the 
1960s and made way for new buildings 
to house the Physics Department, the Lei-
den theoreticians were given their own 
Instituut-Lorentz on the third floor.

The list of pioneering scientists in 
Leiden who engineered the ‘second 
blast’ on Steenschuur would not be 
complete without Willem Einthoven. 
In 1903 this physiologist developed 
an extremely sensitive and fast string 
galvanometer, making it the core of a 
device used to record heart sounds: the 
electrocardiograph. Einthoven received 
the Nobel Prize for Physiology in 1924.

Six Nobel Prizes within the space of 
25 years on a piece of land measuring 
less than a hectare: worthy of an ‘EPS 
Historic Site’! n

 l Dirk van Delft  
Leiden University

mThe Kamerlingh 
Onnes building 
and a part 
of the canal 
where in 1807 
a gunpowder 
ship exploded, 
destroying many 
houses and 
making place for 
the laboratory.

. Jan van 
Ruitenbeek, 
president  
of the Dutch 
Physical Society 
(left) and 
Christophe Rossel, 
president-elect  
of the EPS, 
near the 
commemorative 
plaque
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T
he prize was conferred for 
"directing the development of 
the Planck payload and the 

analysis of its data, resulting in the re-
finement of our knowledge of the tem-
perature fluctuations in the Cosmic 
Microwave Background as a vastly im-
proved tool for doing precision cosmol-
ogy at unprecedented levels of accuracy, 
and consolidating our understanding of 
the very early Universe."

Mandolesi and Puget are the Prin-
cipal Investigators of, respectively, the 
Low- and High-Frequency Instru-
ments on the Planck spacecraft, and 
Tauber is the Project Scientist of the 
mission. Their places of work are at 
the Università degli Studi di Ferrara, 
at the Institut d'Astrophysique Spa-
tiale, Université Paris Sud and in the 
Directorate of Science and Robotic 
Exploration of the European Space 
Agency (ESA). 

The Planck mission has produced 
the most accurate full-sky map to 
date of temperature and polarisation 
of the Cosmic Background Radiation 
(CMB). The CMB is the oldest light 
in the Universe: it was released about  
380 000 years after the explosive birth 
of the Universe. 

The advances arising from Planck’s 
high precision data are summarised 
as follows on the web site http://www.
cosmos.esa.int/web/planck: “Planck's 
precise data enable cosmologists to 
investigate a huge variety of models 
for the origin and evolution of the cos-
mos. The new image of the CMB has 
confirmed that the standard model of 
cosmology is a very good description 
of the Universe. Dominated by the as 
yet unexplained dark matter and dark 
energy, the cosmos we live in appears 
to have begun almost 14 billion years 

ago with an early period of accelerat-
ed expansion, called inflation, during 
which the seeds of cosmic structure 
were embedded in the Universe." 

As stated in the above quotation, 
the three prize winners have led the 
scientific aspects of the mission during 
its development, as well as the analysis 
of the data. The latter had to start with 
removing the imprints of foreground 
objects from the signal of the Cosmic 
Microwave Background, first and 
foremost of objects belonging to the 
Milky Way. After a long process this 
eventually resulted in the full mis-
sion data products – the Planck Leg-
acy Archive, released on February 5, 
2015. The three laureates guided the 
‘Planck Scientific Collaboration’ in this 
task. The ‘Collaboration’ consists of all 
the scientists who have contributed to 
the development of the Planck mis-
sion. These same scientists also had the 
privilege to participate in the scientific 
exploitation of the Planck data during 
the proprietary period. 

The elegant handling of a recent 
controversy around the detection 
of gravitational waves in the very 
early Universe may be mentioned 
here in conclusion. In mid-2014 a 

collaboration working with ground-
based observations of the CMB 
claimed that they had detected a po-
larisation signal in the cosmic micro-
wave background that was evidence 
of inflation in the early Universe. This 
initially appeared to be a major scoop: 
relatively inexpensive ground-based 
observations were beating Planck to 
a major finding! A joint investigation 
of the case by the Planck Collabora-
tion and the ground-based observers 
was then set up. A cross-correlation 
of the ground-based data with those 
from Planck has then shown that 
the polarisation signal in question 
was caused by dust in the Milky Way 
rather than by gravitational waves; and 
both the Planck and the ground-based 
collaboration have now reported this 
finding in a joint publication (cf. Phys. 
Rev. Lett. 114:101301, published on  
9 March 2015).

Details about the Planck mission, 
its history and results can be found 
on the above-mentioned Planck  
web site. n

 l M.C.E. Huber 
Jungfraujoch Commission
Swiss Academy of Sciences

The EPS Edison Volta Prize goes to
science leaders of ESA’s Planck mission

The EPS Edison Volta Prize – a prize co-sponsored by the European Physical Society, 
the Centro di Cultura Scientifica "Alessandro Volta" and the Italian energy company 
Edison – has been awarded to Nazzareno Mandolesi, Jean-Loup Puget and Jan Tauber.

m From left  
to right:  
N. Mandolesi, 
J.-L. Puget 
and J. Tauber  
© Per Lilje

http://www.cosmos.esa.int/web/planck
http://www.cosmos.esa.int/web/planck
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MATHEMATICAL PHYSICS

Neural networks beyond  
the mean-field paradigm 

The seminal paper "Neural Networks and physical systems with 
emergent collective computational abilities" by Hopfield (1982) 
and its statistical mechanical treatment by Amit, Gutfreund and 
Sompolinsky (1985) still play as "harmonic oscillators" in Artificial 
Intelligence: crucially, in their picture, "associative memory" 
emerges as a collective feature of neurons. Due to mathemat-
ical constraints, this paradigmatic formalisation relies on the 
so-called "mean-field" approximation: each neuron interacts 
with all others in the network, regardless of their reciprocal 
distance. As a (non-obvious) consequence, the network per-
forms “serial processing'': it is able to retrieve one pattern of 
information per time.

Here we show a way, based on a hierarchical underlying 
topology (see figure), to overcome mean-field limitations, 
thus accounting for neuronal distance in the network (this also 
allows for dilution as neurons too far away do not interact). 
Remarkably, simply introducing a metric (that is a biological 
must) enables the network to spontaneously switch from serial 
processing to parallel processing: it can retrieve several patterns 
of information simultaneously. These emergent multitasking 
features characterize a novel generation of neural networks, 
which better capture real brain behaviour. n

 l E. Agliari, A. Barra, A. Galluzzi, F. Guerra, D. Tantari 
and F. Tavani,
‘Metastable states in the hierarchical Dyson model drive 
parallel processing in the hierarchical Hopfield network',  
J. Phys. A: Math. Theor. 48, 015001 (2015)

PLASMA PHYSICS

Plasma density evolution in  
a microwave pulse compressor

Microwave plasma discharges have been widely investigated 
for many years; there is, however, a subject that is insufficiently 
studied. It is the plasma formation at the initial – nanosecond 
time-scale – stage of the high-pressure discharge in a resonant 
cavity and its interrelation with the process of microwave ener-
gy release from the cavity that goes out of resonance during the 
plasma generation. This subject directly concerns the operation 
of microwave compressors using commercial magnetrons and 
klystrons for short-pulse high-power microwave generation. 
In this work, for the first time, spectroscopic measurements 
were performed to investigate nanosecond dynamics of the 
plasma density in the S-band compressor with laser trigger-
ing. For pressurized helium filling the compressor cavity and 
switch, the plasma density was evaluated from the shapes of the  
3888.65 Å and 4471.5 Å He I spectral lines. 

The measured evolution of the density was found to correlate 
with the peak power of the compressor output pulse and effi-
ciency of the stored microwave energy extraction. With increas-
ing microwave output, the plasma appears earlier in time after 
the laser beam enters the system, the plasma density rises more 
steeply, and it reaches higher values. n

 l  L. Beilin, A. Shlapakovski, M. Donskoy, T. Queller  
and Ya. E. Krasik,
‘Plasma density temporal evolution in a high- 
power microwave pulse compressor switch', EPL 109, 
25001 (2015).

Highlights from European journals

m Schematic of a hierarchical neural network (center): five stored patterns (top), 
with two retrieved (bottom).

. Plasma density vs. time after the laser triggering for different microwave output.
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. Illustration of molecules coupled to the fundamental optical mode of a 145nm 
thick Fabry-Perot cavity. It features a typical example of the absorption spectrum 
of uncoupled (red line) and coupled (dark line) molecules. 
Credit: A. Canaguier-Durand et al.

OPTICS

The power of  
light-matter coupling 

A theoretical study shows that strong ties between light and or-
ganic matter at the nanoscale open the door to modifying these 
coupled systems’ optical, electronic or chemical properties. 

Light and matter can be so strongly linked that their char-
acteristics become indistinguishable. These light-matter cou-
plings are referred to as polaritons. Their energy oscillates 
continuously between both systems, giving rise to attractive 
new physical phenomena. Now, the authors have explained 
why such polaritons can remain for an unusual long time at the 
lowest energy levels, in such a way that alters the microscopic 
and macroscopic characteristics of their constituting matter. 
These new results are in agreement with experimental results. 
These findings thus pave the way for optical, electronic and 
chemical applications. n

 l A. Canaguier-Durand, C. Genet, A. Lambrecht,  
T.W. Ebbesen, and S. Reynaud,
‘Non-Markovian polariton dynamics in organic strong 
coupling', Eur. Phys. J. D 69, 24 (2015)

QUANTUM PHYSICS

Analogue quantum computers: 
still wishful thinking?

Many challenges lie ahead before quantum annealing, the an-
alogue version of quantum computation, contributes to solve 
combinatorial optimisation problems.

FIELD THEORIES

Finite temperature 
entanglement  
in many-body systems 
Entanglement is a key feature of quantum mechanics setting it 
apart from the classical world. In the last decade, entanglement 
also became a practical tool to characterise the various phases 
of matter of many-body quantum systems in a pure state, in 
particular in connection with topological and critical phases. 
However, the quantification of entanglement for a bipartite 
many-body system in a mixed state, such as at finite temper-
ature, is a harder task. Various measures of entanglement for 
mixed states have been introduced and the most practical one 
is the so-called negativity. 

Focusing on one-dimensional many-body systems at critical-
ity, for a bipartition of the system into a finite interval and its 
remainder (see figure), we find an expression for the negativity 
at finite temperature, which turns out to depend only on the 
ratio between the temperature and the length of the interval. 
This universal function encodes the full operator content of 
the theory. n

 l P. Calabrese, J. Cardy and E. Tonni,
‘Finite temperature entanglement negativity in conformal 
field theory', J. Phys. A: Math. Theor. 48, 015006 (2015)

m Entanglement negativity at finite temperature between an interval A (red) and 
the remainder (green) obtained through particular correlation functions on an 
infinite cylinder whose radius is proportional to the inverse temperature.
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They used optical manipulation relying on very high-fre-
quency—terahertz—laser pulses to induce a 180° rotation 
of the polarisation of the spin of a single electron confined 
in a semiconductor quantum dot. They then used a set of 
mathematical tools to define the most effective manipulation 
technique. n

 l J.A. Budagosky Marcilla and A. Castro,
‘Ultrafast single electron spin manipulation in 2D sem-
iconductor quantum dots with optimally controlled 
time-dependent electric fields through spin-orbit cou-
pling', Eur. Phys. J. B 88, 15 (2015)

MATERIAL SCIENCE

Ultrafast laser for crafting 
ever thinner solar cells

Solar-cell efficiency depends on how thin it can be manufac-
tured. Now, a new model exploits femtosecond laser sources 
to get higher efficiency at lower cost.

The race for ever more efficient and cheaper solar cells tests 
the limits of manufacturing. To achieve this, photovoltaic solar 

Traditional computational tools are simply not powerful 
enough to solve some complex optimisation problems, like, 
for example, protein folding. Quantum annealing, a potentially 
successful implementation of analogue quantum computing, 
would bring about an ultra-performant computational method. 
A series of reviews guest-edited by the authors, focuses on the 
state of the art and challenges in quantum annealing. This ap-
proach, if proven viable, could greatly boost the capabilities of 
large-scale simulations and revolutionise several research fields, 
from biology to economics, medicine and material science.

A company called D-Wave has been commercialising what 
it claims are quantum annealers, since 2011. There have been 
speculations from the science community as to whether the 
D-Wave technology actually delivers quantum annealing. “The 
reviews of our latest issue show that the performances of the 
D-Wave machines as quantum computers, while noteworthy, 
have remained essentially inconclusive,” explain the authors. n

 l A. Das and S. Suzuki, 
‘Quo Vadis quantum annealing?’ & 'Debate and discussion: 
Quo Vadis quantum annealing?’, Eur. Phys. J. Special Topics 
224, 5 & 205 (2015)

 CONDENSED MATTER

Picosecond-range control 
over information processing

Quantum computing will, one day, bring quicker information 
processing. One of the keys to such speed is being able to con-
trol the short-lived physical phenomenon holding quantum 
information, also known as quantum bits (qubits). A new study 
presents a novel optical manipulation technique to control one 
possible kind of qubit—represented, in this case, by polarised 
electron spins—exposed to an ultra-short pulsed laser in the 
picosecond-range. The authors have tested this novel optics ap-
proach using a quantum dot—nanoscopic artificial structures 
with a small number of electrons—in this study.

m Energy levels of the parabolic QD versus the strength of the Rashba SOC. 
Credit: J.A. Budagosky et al.

m Quantum particle with a wave-function delocalised over the entire potential 
energy landscape can "feel" a deep isolated potential minimum (hole) on  
a flat potential energy landscape (table) even before "falling" (completely 
localising) into it.

. Interaction between ultrashort pulse laser and a target.
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redirected, or scattered, into the nanofibre at each atom’s 
position, before propagating along the chain of atoms. It 
thus mediates a strong effective atom-atom interaction. This 
approach yields a stable chain of atoms, bound by light, form-
ing a crystal. n

 l D. Holzmann, M. Sonnleitner and H. Ritsch,
‘Self-ordering and collective dynamics of transversely 
illuminated point-scatterers in a 1D trap', Eur. Phys. J. D 68, 
352 (2014)

OPTICS

New experimental approach 
for near–edge ultrafast EUV 
absorption spectroscopy
Time resolved pump-probe spectroscopy in the extreme ul-
traviolet (EUV) spectral range offers the opportunity to study 
properties and structure of the electron subsystem in con-
densed materials under non-equilibrium conditions rapidly 
changing in the sub-ps time scale. New frontiers studies can 
be accomplished thanks to the availability of new generation 
sources such as free electron lasers (FEL). The breakthrough 
research interest in the EUV radiation–matter interactions 
requires the development of pivotal optical elements able 
to manipulate short wavelength beams. Conventional single 
layers coated mirrors provide negligible reflectance in the ex-
treme ultraviolet spectral range, therefore knowledge coming 

cells need to become thinner and are made of more complex 
inner structures. Now, the authors have investigated and ex-
panded a model elucidating the dominant physical processes 
when ultra-fast lasers are used in manufacturing solar cells to 
these specifications. 

The authors rely on ultra-fast lasers, to develop a process 
called ablation, used to allow the formation of the metal 
contacts. It involves selectively removing the upper dielectric 
layer of the photovoltaic cell material without damaging the 
semiconductor beneath. Compared to previous methods, 
it offers many advantages—it reduces heat damage while 
improving the precision, energy efficiency and speed of the 
process. n

 l A. Gurizzan and P. Villoresi,
'Ablation model for semiconductors and dielectrics under 
ultrafast laser pulses for solar cells micromachining',  
Eur. Phys. J. Plus 130, 16 (2015)

ATOMIC AND MOLECULAR PHYSICS 

Atoms crystallised by light 
for precision measurement

A new study focuses on the collective dynamics of illuminated 
atoms coupled to photons travelling in a nanofibre.

Theoretical physicists have uncovered the existence of 
self-organised dynamics of atoms, bound by light into a crystal, 
with long range atom-atom interactions. These findings were 
recently obtained by the authors. This approach could, among 
others, help to better understand the process of crystallisation 
in new materials, and help implement efficient photon storage 
and precision measurements.

Their study focuses on atoms trapped in the leaked light 
very close to a tapered optical nano-fibre. Such fibres are too 
thin to confine all the light within. These atoms are exposed 
to a transverse laser beam, whose light becomes partially 

m Trajectories and intensities of two beam splitters. Credit: D. Holzmann et al.

. Ultrafast absorption spectroscopy at the L(2,3)-edge of silicon
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has received a great deal of attention in the past and most re-
cently found an explanation in terms of a momentum-space 
topological effect due to Berry; it is related to the quantum 
Hall effect, to topological insulators, and to the macroscopic 
electric polarization of insulators. In an antiferromagnetic metal  
Mz = 0, thus, if Hz = 0 the AHE should vanish. We show that under 
certain conditions this is not so, the most outstanding being the 
non-collinear order, spin-orbit coupling and symmetry. Ab initio 
calculations shed light on the electronic structure; the figure 
shows a contribution to the Berry-curvature that determines 
the AHE. The peaks originate from ’diabolic points’ in the band 
structure of Mn3Ge. n

 l J. Kübler and C. Felser,
'Non-collinear antiferromagnets and the anomalous Hall 
effect', EPL 108, 67001 (2014)

OPTICS

Lattice-Boltzmann  
method for nonlinear 
thermoacoustic engines
Thermoacoustics is the physics of the interaction of thermal 
and acoustic fields. The nonlinear acoustic effect and low Mach 
number compressible flow in thermoacoustic engines make 
the theoretical analysis of such systems extremely complicated. 

from other disciplines is required to overcome such tech-
nological limits. The development of the multilayer-coated  
mirrors has been intensively driven by the microelectronics 
industry in view of their application in EUV lithographic appa-
ratus. The same technology has been used to develop a novel 
broadband multilayer coated mirror conceived specifically for 
near-edge ultrafast absorption spectroscopy. Such an opti-
cal element has been inserted in the EIS-TIMEX end-station 
at FERMI@ELETTRA FEL. The design of the device has been 
optimised in order to manipulate the FEL pulses preserving 
their temporal and wavefront properties in the wavelength 
range required by the ultrafast absorption spectroscopy at 
L(2,3)-edge of silicon (see figure). n

 l A. J. Corso, P. Zuppella, E. Principi, E. Giangrisostomi, 
F. Bencivenga, A. Gessini, S. Zuccon, C. Masciovecchio, 
A. Giglia, S. Nannarone and M. G. Pelizzo, 
‘Broadband multilayer optics for ultrafast EUV absorption 
spectroscopy with free electron laser radiation', J. Opt. 17, 
025505 (2015)

CONDENSED MATTER

Non-collinear antiferromagnets 
and the anomalous Hall effect

The Hall effect, i.e. current flow perpendicular to the electric 
field, depends on the strength of the applied magnetic field. In 
ferromagnetic metals one measures an additional contribution, 
proportional to the saturation magnetization. The Hall resistivity 
is therefore written as ρxy = ROHz + RSMz, where the magnetic 
field and the saturation magnetization are denoted by Hz and 
Mz. The term RS describes the anomalous Hall effect (AHE). It 

. The Berry curvature divided by 2π for the kz=0 plane in momentum space of 
Mn3Ge.

m Ellipsoidal particle levitating at  
the optical beam waist, with its long 
axis aligned to the beam axis.  
Credit: B. M. Mihiretie et al.

Water-glass
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analysing three-body energy correlations in the14O+p+p 
system. It was found that the 16Ne(g.s.) undergoes a dem-
ocratic three-body decay. In contrast to this, the 16Ne(21

+) 
state emits protons through the 15F(g.s.) sequentially. The 
decay of 7.57 MeV state is well-described assuming emis-
sion of a proton from the d5/2 shell to 15F(5/2+), which de-
cays by d5/2 proton emission to 14O(g.s.). By using R-matrix 
analysis and mirror symmetry this state was unambiguously 
identified as the third 2+ state in 16Ne. n

 l J. Marganiec et al. (+ 58 co-authors),
‘Studies of continuum states in 16Ne using three-body 
correlation techniques', Eur. Phys. J. A 51, 9 (2015)

OPTICS

Optical manipulation 
of particles of all shapes and sizes

A new study of how particles may respond to the mechanical 
effects of light helps improve optical manipulation and remote 
sensing of non-spherical particles.

Manipulation of small objects by light has gained in pop-
ularity in the past few years. Now, scientists have performed 
the first systematic analysis of the behaviour of ellipsoidal 
particles manipulated by laser beams. The work shows that 
such particles are constantly moving in and out of the reach 
of an optical beam, creating oscillations. These findings have 
been obtained by the authors. This work could help under-
stand the unusual behaviour of rod-like particles manipu-
lated by optical tweezers. Ultimately, the theoretical part of 
this work could contribute numerical models of how com-
plicated shapes and large sizes scatter laser light. Numerous 
applications exist in fluid engineering and remote sensing 
methods. n

 l B.M. Mihiretie, P. Snabre, J.-C. Loudet and B. Pouligny, 
‘Optically driven oscillations of ellipsoid particles. Part I: 
Experimental observations', Eur. Phys. J. E 37, 124 (2014)

 l J.C. Loudet, B. M. Mihiretie and B. Pouligny, 
'Optically driven oscillations of ellipsoidal particles. Part II: 
Ray-Optics calculations', Eur. Phys. J. E 37, 125 (2014)

A new study investigates the nonlinear self-excited ther-
moacoustic onset in a Rijke tube via the lattice Boltzmann 
method (LBM), which simulates the fluid flow by tracking the 
evolution of particles and obtains flow stream and heat transfer 
patterns from the kinetic level. The adopted LBM model, which 
was developed by the authors, convincingly simulates the Na-
vier-Stokes-Fourier equations, treating accurately the nonlinear 
process of wave excitation of coupled fields and providing reli-
able estimates for pressure, density, velocity and temperature 
in such a finite geometry.

A nonlinear self-excited standing wave in the Rijke tube is 
observed from simulations. Agreement is obtained with the-
oretical predictions when they exist. Instantaneous velocity 
fields and temperature fields are discussed. The maximal Mach 
number in the Rijke tube is about 0.035, indicating that the air 
flow under the limit cycle is the low Mach number compress-
ible flow. n

 l Y. Wang, D.-K. Sun, Y.-L. He, and W.-Q. Tao,
'Lattice Boltzmann study on thermoacoustic onset in a 
Rijke tube', Eur. Phys. J. Plus 130, 9 (2015)

NUCLEAR PHYSICS

Mechanisms of two-proton  
emission seen in  
three-body correlations
Hitherto three-body correlations between decay products 
of nuclear resonances, unstable to the emission of two 
neutrons have been a very effective tool in the analysis of 
GSI-experiments on 5H, 10He, 13Li, and 14Be. Here the first 
report is given about the mechanisms for two-proton emis-
sion from states in 16Ne, representing the presently most 
complete study of this nucleus. One-neutron knockout from 
17Ne populated the 16Ne(g.s.) (Er=1.39 MeV, Γ=0.08 MeV) 
above the 14O+p+p threshold, and resonances at Er=3.22 
MeV and 7.57 MeV. The decay mechanisms were revealed 

. Sequential two-proton decay of the 16Ne Er=7.57 MeV state. The fractional 
energy distribution (left) gives resonance energy in 15F while the angular 
distribution (right) determines Iπ of the initial state.

m Contours of the Mach number near the stack at phase π under the limit cycle.
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The ‘fire’ of opals

T
he mineral opal, chemically 
a form of hydrated silica, 
is found on practically all 
continents, but mostly as 

an “opalescent”, milky–white, soft rock. 
However, in some parts of Australia 
small pieces of beautifully coloured 
gemstones, “precious opal”, are to be 
found embedded in a matrix of or-
dinary opal.

What makes these quintessen-
tially Australian gemstones sparkle 
with flecks of pure spectral colour 
(Fig.1)? Oddly enough, the answer to 
this question was a mystery to min-
eralogists for a long time until noted 
CSIRO electron microscopist John 
Sanders discovered the surprising 
answer as recently as the 1970s [1],[2].

Because of the spectral colours 
exhibited, the phenomenon of dif-
fraction from periodic features was 
suspected to be the cause, but nobody 
could guess at the nature of such pe-
riodic structures until they were re-
vealed by electron microscopy. 

It was surmised that the optical 
properties of precious opal, as distinct 
from the milky-white appearance of 
common opal that shows no ‘fire’, 
depends on the existence of orderly, 
regular arrays of optical discontinui-
ties, spaced at repeat distances of the 
order of 150 to 350 nanometers, i.e., 
distances that correspond to half the 
wavelength of visible light. 

Chemically, opals are made of 
pure, transparent, hydrated silica, i.e., 
hydrated Silicon Dioxide. But what the 
electron microscope revealed was that 
the silica is in the form of tiny spheres, 
of the appropriate range of sizes, 
stacked in close-packed regular arrays, 
as may be seen in Fig. 2, just like atoms 
or molecules in crystalline substances.

How are these little spherical ob-
jects formed is answered by noting 
that the solubility of silica in water 
increases markedly with temperature 
so that, upon cooling, silica is usually 
deposited as quartz crystals that are 
said to grow in what is called a hydro-
thermal process. 

Alternatively, in the presence of 
centres of nucleation, the silica can 
precipitate from saturated solutions 
in the form of amorphous clusters. 
These continue to grow as concen-
tric spheres, which then fall through 
the solution and end up in interstitial 
cavities. In most cases, a poly-disperse 
range of sizes results, which when 
dried out results in a milky-white solid 
of ordinary, or so-called ‘potch’ opal. 

However, in rare cases, where the 
little spheres have a greater distance 
through which to fall, a gravitation-
al separation can take place, where 
the larger spheres fall more quickly 

than the smaller ones and arrange 
themselves in layers upon layers of 
uniformly sized regions of hexagonal 
close-packed groups, like oranges in a 
crate. Hence the quasi-crystalline ar-
rangement of precious opal, usually 
in small pieces consisting of separate 
small regions, is analogous to crystal 
grains. The opal ‘grains’ can vary in 
size, from a few millimeters, known 
as pin-fire opals, up to quite large ones 
in what is known as boulder opals.

Because the individual silica spheres 
are completely transparent, pieces of 
opal show practically no colour when 
viewed in transmission. However, 
when viewed in reflection, strong dif-
fraction colours are seen. These dif-
fraction phenomena are not like those 
from a two-dimensional grating, such 
as is seen from the surface of a CD or 
DVD, and erroneously shown in illus-
trations in some popular articles. On 
the contrary, 3-dimensional diffraction 

m FIG. 1: Precious opal
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is involved, just like in the diffraction of 
x-rays by crystalline solids, discovered 
by Laurence Bragg. 

The only difference is one of scale: 
whereas x-rays (and thermal neu-
trons) have wavelengths comparable 
with the unit cells of ordinary crys-
tals, Bragg diffraction of visible light 
by opals is governed by the spacing 
between the layers of the silica spheres 
which corresponds to their sizes. 

To prove the case and to fur-
ther investigate the different types 
of opals (containing different types 
of so-called stacking faults), back 
around 1970, John Sanders built an 
apparatus consisting of a spherical 
glass flask with frosted walls, with a 
transparent entrance hole through 
which a collimated beam of white 
light was admitted.

When a sample of gem-quality opal 
was suspended in the centre of the 
flask, the resulting visible diffraction 
pattern, consisting of coloured spots 
and streaks on the frosted walls, was 
exactly in accord with Bragg’s well-
known formula: nλ = 2dsinθ (see Fig. 
3). Changing the angle of incidence 
θ is, of course what gives rise to the 
play of colours or the ‘fire’ of the opals. 

Another immediate, visible conse-
quence of this is the background colour 
of the precious opal when viewed in di-
rect reflection, i.e., when θ = 90° which 
determines the longest wavelength that 
can be diffracted - the so-called Bragg 
cutoff, which is simply λ = 2d. This, 
in turn, determines the rarity, hence 

market value, of a piece of opal. The so-
called ‘black opals’, which show a deep 
red reflection because they contain the 
largest silica spheres, are the most valu-
able, all other things being equal.

One rather interesting fact is the 
very high efficiency of the Bragg dif-
fraction process: Quite a thin layer 
of material is sufficient to produce 
complete reflection by virtue of the 
constructive interference of the light 
reflected from a relatively small num-
ber of layers. Thus, relatively thin lay-
ers of opal, sliced from a single piece 
can be mounted between layers of 
glass and still exhibit the full, beauti-
ful coloured appearance of the much 
more expensive solid opals. These 
so-called doublets and triplets are 
the basis of the items of jewelry that 
are widely available at much cheaper 
prices but are just as interesting from 
the point of view of optics !

Once the structure of opals was 
elucidated, it was only natural that 
making synthetic opals was attempted 
in various laboratories by producing 
little spheres of colloidal or polymeric 
materials and letting them settle into 
close-packed arrays. Opal-like mate-
rials, with similar optical properties 
were actually successfully produced, 
but their mechanical and chemical 
properties precluded widespread 
practical uses.

More recently, however, it was rec-
ognized that periodic structures of di-
electric objects of appropriate sizes, of 
which opals are the prime examples, 

can be generalized, giving rise to the 
whole new field of photonic crystals. 

First proposed as late as 1987 by 
Eli Yablonovitch [3] and Sajeev John, 
a multi-faceted field of research has 
arisen, concerning methods of fabri-
cation as well as new applications, in 
a variety of fields – well beyond the 
purely decorative. 

Photonic crystals are still a hot re-
search topic in laboratories all over the 
world. But, as usual, nature got there 
first: Opals are only the simplest, 3-di-
mensional examples; the colours of 
butterfly wings and bird feathers are 
also the products of more complex 
types of photonic crystals. n
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b FIG. 2: Electron Micrograph of precious opal

. FIG. 3: The geometry of Bragg Diffraction
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Improving the quality of life of elderly people requires diagnostic and therapeutic 
capabilities for diseases of the central nervous system, such as Alzheimer’s, 

Parkinson’s, and epilepsy which have a rapidly growing impact on society. Minimally-
invasive imaging technologies such as PET and MRI allow for monitoring and tracking 

these illnesses, starting from their preliminary manifestations.
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“The combination of PET/MRI 
modalities technically is very 
difficult due to the high magnetic 
field produced by the MRI which 
creates a harsh environment 
for PET electronics ”
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M
edical diagnosis commonly relies on assess-
ment of both the functional status and the 
anatomical condition of the patient [1]. In 
a clinical setting, in-vivo measurement of 

organ physiology, tissue metabolism, tissue perfusion, and 
other biological functions can usefully be performed with 
radionuclide-tracer techniques such as Positron Emission 
Tomography (PET). However, radionuclide imaging has 
relatively poor spatial resolution, whereas Magnetic Res-
onance Imaging (MRI) has excellent spatial resolution 
and provides rich anatomical details, but yields limited 
functional content.

The ability to acquire high-resolution anatomical data 
and as well quantitative functional information in-vi-
vo is becoming increasingly important in the diagnosis 
and research of diseases. This is clearly reflected in the 
intention of replacing stand-alone PET by combined 
PET/MRI methodology as a clinical diagnostic tool, 
thus combining the advantages of the two. The emission 
tomography techniques provide functional information 
of high sensitivity and high specificity while MRI supplies 
good anatomical detail.

The first human full ring PET scanner was developed 
in 1975 at Washington University in St. Louis. They used 
the two annihilation photons that are produced back-to-
back after positron emission from a radionuclide tagged 
tracer molecule.

Although the basic detection concept of the two back-
to-back coincidence photons is still used today, enormous 
methodological developments have characterized the 
history of the PET technique. The highly sophisticated 
image reconstruction, correction and modeling methods 
allowed achieving an image quality that was beyond ex-
pectations. Fig. 1. shows the main steps along that road of 
development. For each step the year is shown in which the 
specific method became available in the clinical settings. 

The current state of the art in PET/MRI is based on 
the Avalanche Photo Detector (APD), which has poor 

timing properties (> 1ns), thus the Time Of Flight (TOF) 
imaging method (Fig. 1. “d” panel) cannot be applied to 
this system.

Multi-modality PET/MRI systems
PET/MRI systems use separate detectors for nuclear 
magnetic resonance and radionuclide imaging, with the 
detectors integrated on a common gantry to simplify 
patient handling, data acquisition, and co-registration of 
the MRI and PET image data. The MRI and PET data are 
acquired with the patient in the same position to facili-
tate image correction. This makes it possible to produce 
a “fused image” in which the radionuclide distribution 
can be displayed in colour on top of a grey-scale MRI 
image to co-register the anatomical and physiological 
features. This has been shown to dramatically improve 
diagnosis and evaluation of disease, in comparison to ei-
ther MRI or PET used alone. Small animal hybrid PET/
MRI system is also an optimal choice for the translation-
al science and for the validation of molecular imaging 
methods based on these different imaging modalities. 
However, the combination of these modalities is tech-
nically very difficult due to the high magnetic field 
produced by MRI which creates a harsh environment 
for PET electronics, mainly for the Photo-Multiplier 
Tubes (PMT). Another problem is the space constraint, 

(a) FBP (1975) (b) 2D iterative (1997) (c) 3D iterative+PSF (2006) (d) 3D iterative+PSF+TOF (2009)

. FIG. 1:  
Coronal torso PET 
images produced 

with different 
reconstruction and 

correction techniques 
using the same PET 

study: (a) Filtered 
back projection 

(FBP) method; (b) 2D 
iterative (IT) method; 
(c) 3D IT method with 
point spread function 

(PSF) modelling; (d) 
3D IT PSF and time of 
flight (TOF) method. 
The red arrow shows 

an abnormal focal 
radio-pharmacon 

accumulation, which 
can be definitely 

better visualized with 
the more advanced 

PET method.

b P.17: MiniPET-3 
small animal PET 

scanner with 
MRI-compatible 

SiPM sensors.
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because the field of view of MRI is relatively small, mak-
ing the design of the PET detector inside the MRI bore 
very challenging. This is a major issue for a small animal 
PET/MRI camera [2].

The most widely used radiation detector in PET sys-
tems is made of a scintillator crystal (Fig. 2) attached to 
a PMT. The crystal detects the incoming gamma photon 
and converts its energy into light. This light is detect-
ed by the photocathode of the PMT and transformed 
to a very weak electrical signal. This signal is amplified 
through an avalanche cascade process in the tube. The 
use of multi-anode Position-Sensitive Photo-Multiplier 
Tubes (PSPMT) allows accurate positional and energy 
information to be derived from the PMT itself [3].

The advantage of this PMT-based detection method is 
the high gain factor and low noise of the device. The good 
timing capability is also a benefit. The drawback is the 
high-voltage requirement of the PMT and its sensitivity 
to magnetic field.

The rapid developments of the microelectronic indus-
try during the last three decades have yielded high-purity 
detector-grade silicon, resulting in customized low-noise 
silicon planar photo-detectors such as Silicon Photo-Mul-
tiplier (SiPM) [4]. The current pulses from the avalanche 
breakdown of each Geiger mode photodiode are summed 
at the output signal which is proportional to the number 
of photodiodes breaking down at any particular time. 
This is in turn proportional to the incident light flux 
on the sensor. SiPM technology is based on arrays of 
photon-counting diodes in Geiger mode, each with an 
integrated quenching circuit and with outputs connect-
ed in parallel. The very high gain combined with a high 
photon detection probability results in a world-record 
light sensor.

The advantage of the SiPM device is its high gain, high 
quantum efficiency, low-voltage requirement, fast response 
and insensitivity to magnetic fields. The limitations are 
its relatively high price, low fill factor and cell-to-cell op-
tical crosstalk.

MiniPET-3: a SiPM-based  
small animal PET scanner
A scanner was developed for molecular imaging of 
small animals in the framework of the EU project ENI-
AC-2009-1_120209 Central Nervous System Imaging 
(CSI). It was manufactured at the Institute for Nuclear 
Research, Hungarian Academy of Sciences (MTA Atom-
ki), in cooperation with the University of Debrecen, 
STMicroelectronics and Philips Applied Technologies. 
The main goal of this project was to demonstrate the 
applicability of MRI-compatible SiPM sensors for re-
placing PSPMTs used traditionally for scintillation de-
tectors. The project has been successfully completed 
with the result of a fully functioning camera shown in 
Figure p.17.

.FIG. 3: Components of the detector module: 35×35 segmented LYSO crystal matrix, 9×9 quad- 
pixel element SiPM sensors and analog front-end electronics.

m FIG. 2: This Cerium-doped lutetium based scintillation crystal offers high density and short  
decay time. It is ideal for applications that require better energy resolution and better timing,  
including PET. 
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which generates clock signal for precise time-stamping 
of all events recognized by the detector modules.

The system also contains data acquisition procedures 
required for calibration, quality control as well as the 
static, dynamic and whole-body acquisition protocols. 
Fig. 5. demonstrates the molecular imaging capability 
of MRI-tolerant MiniPET-3 scanner.

Various applications of tomography have contributed 
enormously to the development of medical diagnostics. 
The imaging is based on basic physics: X-ray-, nuclear- 
magnetic-resonance- or positron-electron pair spectros-
copy. They all involve the fast collection and analysis of 
data arranged into multi-channel arrays, just as the data 
collected in nuclear and particle physics experiments. 
Their analysis is also similar to that of physics experi-
ments, and, in complexity, neither is inferior to the other. n
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State-of-the-art technology 
The PET image is constructed via precise determination 
of the position of electron-positron pair annihilation. 
The detector is a scintillator matrix, and the points of 
annihilation gamma impacts are defined by the rows and 
columns of the matrix. But the SiPM detectors are noisy, 
which causes deterioration of the readout of a large num-
ber of rows and columns operated simultaneously. This 
problem has been overcome by the use of an additional 
electronic circuit, which restricts the readout of the ma-
trix to a segment from which a gamma signal is detected. 

This solution was successfully used recently in the 
construction of the first SiPM-based small animal Min-
iPET-3 scanner, applying an 9 × 9 quad-pixel matrix of 
SiPMs at room temperature coupled to 35 × 35 elements 
LYSO (Lutetium-Yttrium oxyOrthoSilicate) crystal ma-
trix shown in Fig. 3. The total of 36 readout channels was 
further reduced to four to deliver information on X and 
Y position, energy and time.

The scanner construction is based on identical detec-
tor modules, which allows direct replacement of existing 
units or extension of the system with new units shown in 
Fig. 4. A list-mode-based data acquisition system of the 
detectors with a local area network utilizes all the benefits 
of the widely used standard communication. The coinci-
dence events selection is based on a central timing unit, 

m FIG. 4:  
Assembled  

detector module of 
the small animal 

PET scanner.

. FIG. 5: Result of a rat 
heart measurement 

after injected FDG 
radio-pharmacon. The 
scan time was 15 min.
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55 years after Richard Feynman’s famous Caltech lecture ‘There is 
plenty of room at the bottom’ [1], heralding the age of nano science and 
technology, many of the possibilities he envisaged have come true: 
Using electron microscopy it is nowadays possible to resolve and 

even identify individual atoms; STM and AFM not only provide 
us with similar spatial resolution on surfaces, but also allow 

dragging individual atoms around in a controlled way; 
X-ray diffraction has revealed the complicated 

structures of thousands of proteins, giving 
invaluable insight into the machi- 

nery of life.



EPN 46/2

TAKING SNAPSHOTS OF ATOMIC MOTIONFEATURES

22

H
owever, despite these spectacular achieve-
ments our view on the nano world is still very 
limited. The reason is that at small length 
scales things move very fast. The natural time 

scale of atomic motion in matter, i.e., the vibration period 
of an atom in a molecule or a lattice, can be as short as 100 
fs. This is ten orders of magnitude faster than present-day 
state-of-the-art imaging techniques can provide, which 
is video rate at best. Up to now the focus has therefore 
been almost exclusively on systems in equilibrium, which 
is just a very tiny sub-class of what is going on down 
there. Is it possible to actually monitor individual atoms 
in action, during chemical reactions, macromolecular 
conformational changes, phase transitions, etc., and thus 
study structural dynamics at the most fundamental level?

Lasers at optical wavelengths have been providing 
the required femtosecond temporal resolution for many 
years already, using the so-called ‘pump-probe’ method: 
a process is excited by a femtosecond ‘pump’ laser pulse, 
which is subsequently investigated by a ‘probe’ laser pulse. 
The pulse pair is exactly synchronized since pump and 
probe are both derived from the same laser pulse and 
separated in time by a variable delay line. Using nonlinear 
optical techniques pump and probe wavelengths can be 
generated anywhere between the terahertz and soft X-ray 
regimes. These techniques have proven to be extremely 
powerful but also have their limitations. First, the shortest 
probing wavelengths are still much too long for resolving 
atomic structures; second, light interacts with electrons 
in matter, so no direct information is obtained on the 
actual atomic motion, the motion of the nuclei, the lattice, 
in the process under investigation. Information on the 
structural dynamics can therefore only be obtained in an 
indirect, model-dependent way. Ideally one would like 
to extend femtosecond pump-probe experiments with 
much shorter wavelengths, i.e., smaller than 1 Å (10-10 
m), which implies using either hard X-ray photons or 
massive particles such as electrons.

Fast X-ray and electron beams
In the past decade enormous progress has been made in 
both ultrafast X-ray and electron beam technology. In 
2009 the first hard X-ray Free Electron Laser (X-FEL) 
became operational at Stanford University [2]. The X-FEL 
delivers nearly fully coherent femtosecond X-ray pulses 
of sufficient power to record a full diffraction pattern 
of protein crystals in a single shot, as has recently been 
demonstrated [2]. Worldwide a few X-FELs are oper-
ational now, and several more are under construction. 
Like synchrotrons, X-FELs are large-scale facilities, but 
they can accommodate maximally a few users at a time, 
so beam time is scarce. An essential ingredient for real-
izing X-FELs was the development of a new generation 
of ultrabright, femtosecond electron guns. Why not use 
the electrons produced by these compact and relatively 
cheap high-brightness guns directly instead of accel-
erating them to giga-electronvolt energies to generate 
hard X-ray photons? Thanks to the pioneering efforts 
of Ahmed Zewail at CalTech and Dwayne Miller at the 
University of Toronto, in the past decade ultrafast elec-
tron diffraction (UED) and ultrafast electron micros-
copy (UEM) using ultrashort electron pulses generated 
by femtosecond photoemission have become a serious 
alternative for X-FELs [3]. 

b FIG. 1: (a) Generation of ellipsoidal electron bunches by photoemission with 
shaped femtosecond laser pulses (left) and subsequent transverse (magnetic 
coils) and longitudinal (microwave cavity) focussing of the bunches on the 
target (right); (b) Duration of 100 keV, 0.2 pC electron pulses measured as 
a function of microwave field strength, demonstrating microwave bunch 
compression from 10 ps to 100 fs [5].

b P.21: an artist's 
impression of the 

ultracold source in 
action, with ultracold 

ions (green) coming 
out from one side and 

ultracold electrons 
(blue) from the other.

(a)

(b)



EPN 46/2 23

TAKING SNAPSHOTS OF ATOMIC MOTION FEATURES

UEM and UED
In UEM ultrafast electron imaging is done with meg-
ahertz repetition-rate trains of single-electron pulses. 
Since a full image requires 107 – 108 electrons, UEM can 
only be used to study highly reproducible samples and 
processes which can be repeated identically millions of 
times. In spite of this limitation, many impressive ex-
periments have been performed, mainly on cyclable and 
robust solid-state systems. Unfortunately, UEM cannot 
be applied to fragile substances, susceptible to damage by 
either the electron radiation dose accumulated over the 
many shots required to record a full image, or by the in-
tense optical fields of the femtosecond ‘pump’ laser pulses. 
This is particularly true for biological materials, which 
are extremely sensitive to radiation damage. Moreover, 
biological processes such as conformational changes of 
macromolecules, do not follow a single, unique reaction 
path, and sample preparation methods involved are rarely 
fully repoducible. For such systems single-shot recording 
is highly desirable, if not essential. This puts extreme re-
quirements on the intensity and the brightness of beams, 
which is actually offered by X-FELs. Can this be done 
with electrons as well?

An alternative to ultrafast electron imaging is ultra-
fast electron diffraction (UED) of crystalline samples. A 
high-quality diffraction pattern only requires 106 – 107  
electrons and puts less stringent demands on beam  
coherence. Creating the required ultrashort, highly charged 
electron pulses is actually not very difficult: simply fire 
a femtosecond UV laser pulse at a metallic (e.g. copper) 
cathode surface at a negative potential. Unlike X-ray pho-
tons, however, electrons interact very strongly with each 
other and the cathode surface. This fundamentally limits 
the maximum achievable coherence. Moreover, packing 
the required number of electrons in a single femtosecond 
pulse, inevitably gives rise to a violent Coulomb explosion. 
This spoils the beam coherence even further and leads to 
substantial pulse lengthening and thus loss of temporal 
resolution. A temporal resolution of a few 100 fs can be 
achieved by limiting the charge in a single pulse to 103 – 104  
electrons, so still more than 100 shots are required to record 
a full diffraction pattern. Fortunately, we found a way to 
eliminate the problem of the Coulomb explosion. 

Controlling and inverting  
the Coulomb explosion
Until about a decade ago, the Coulomb problem was 
considered unsolvable. The only way to ameliorate the 
problem was slowing down of the Coulomb explosion 
by accelerating to relativistic speeds as quickly as pos-
sible. In 2004, however, we discovered that by proper 
shaping of the femtosecond photoemission laser pulse, 
it is possible to create uniformly filled, ellipsoidal elec-
tron bunches [4]. These objects, until then considered 
idealized text book examples, are characterized by linear 
space charge forces. As a result a uniform ellipsoidal 
bunch undergoing a Coulomb expansion will remain 
a uniform ellipsoid, as is illustrated in Fig. 1a. The lin-
earized Coulomb expansion can be inverted by linear 
external fields provided by charged particle optics. The 
transverse expansion can be handled straightforwardly 
using regular charged particle lenses, but inversion of 
the longitudinal expansion requires a temporal lens, 
which is not a standard optical element. In 2010 we 
demonstrated how a compact, low-power 3 GHz mi-
crowave cavity can be used to invert the longitudinal 

b FIG. 2: Schematic 
of Rb MOT-based 
ultracold charged 
particle source: 
(a) laser cooling 
and trapping 
of Rb vapour; 
(b) two-photon 
photoionization 
 of Rb atoms;  
(c) extraction of 
electron and ion 
beams from the 
ionized gas.

. FIG. 3: Effective source temperature vs. excess photon energy using femtosecond photoionization of 
a Rb MOT-based electron source [6]; green dash-dotted curve: effective temperature assuming a simple 
plasma model and equipartition; red dashed curve: exact classical model prediction for monochromatic 
photoionization; blue solid curve: exact classical model prediction convolved with femtosecond laser 
bandwidth; blue squares: experimental data.
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proportionally with source size. A compact and prop-
er way to quantify the coherence or beam quality of an 
accelerated bunch of particles is the phase space density

f = n∙λth
3,

where n is the number density and λth = h/√
—
2πmkT  

the thermal De Broglie wavelength associated with the 
average thermal motion of the particles in the bunch, 
characterized by an effective temperature T, with h 
Planck’s constant, and m the particle mass. The phase 
space density is also proportional to beam brightness. 
In optical terms, λth is the equivalent of the (spatial or 
temporal) coherence length. Due to their fermionic na-
ture, f=1 is the maximum attainable phase space density 
for electrons. For a conventional metallic photocathode  
kT ≈ 0.5eV, i.e., T ≈ 5000 K. Combined with a density of 
107 electrons in a bunch a few tens of microns across in 
all three dimensions, this results in a phase space density  
f ≈ 10-7. Clearly there is lots of room for improvement. The 
traditional approach is to improve coherence by increas-
ing the density, reaching for the ultimate ideal of a point 
source. In electron microscopy sources the best that has 
been achieved in this way is f ≈ 10-3, with, however, only 
a single electron at a time. We have developed an alterna-
tive approach, which relies on a drastic reduction of the 
source temperature, allowing for much larger source sizes, 
and thus much more charge per pulse, while retaining a 
high degree of coherence.

Ultracold electron source
Our ultracold source is based on near-threshold pho-
to-ionization of a laser-cooled and trapped atomic 
rubidium vapour (see Fig. 2). Using standard tech-
niques, rubidium atoms are cooled to sub-millikelvin 
temperatures and trapped in a magneto-optical trap 
(MOT). Using two-photon ionization, employing a 
continuous 780 nm laser to populate the 5P3/2 state 
and a tunable 480 nm femtosecond laser to ionize the 
excited atoms, electrons can be extracted from the 
cold atoms with very little kinetic energy. Recently, 
we have demonstrated the generation of picosecond 
electron bunches with T ≈ 10 K from a source 30 mi-
cron in size [6]. Figure 3 shows the effective source 
temperature T, measured as a function of the excess 
energy with which the electrons are liberated in the 
photo-ionization process (see Fig. 3). The data agree 
very well with the theoretical curve, which is based on 
a classical description of the electron emission from a 
single, motionless rubidium atom. Recently, the first 
diffraction patterns have been produced with a 10 keV 
beam from the ultracold source, which confirm the 
independently measured coherence properties of the 
source (see Fig. 4 and [7]). These experiments were 
done with a few hundred electrons per bunch, to pre-
vent Coulomb interaction from spoiling the coherence. 

expansion and compress bunches containing more than 
106 electrons to 100 fs bunch lengths [5], see Fig. 1b. The 
resulting pulsed beam is of sufficient quality to record 
full diffraction patterns of simple atomic crystals in a 
single 100 fs shot. This approach has been adopted in 
the last few years by several of the leading UED groups 
[3]. UED has developed into a powerful technique for 
visualizing ultrafast structural dynamics in condensed 
matter systems. The beam coherence is however not yet 
sufficient for diffraction of complicated macromolecular 
structures due to the limitations on the initial coherence 
set by traditional photocathodes.

The cathode problem
Electrons near a metal surface are pulled back due to im-
age charge forces. To simultaneously extract 107 electrons  
from a micron-sized area requires electric fields of ~1011 V/m,  
two orders of magnitude higher than the highest field 
strengths that can be attained without vacuum break-
down. The obvious way out is to increase the surface 
area to tens of microns. Unfortunately, this goes at 
the expense of beam coherence, wich scales inversely 

(a)

(b)

. FIG. 4: Graphite electron diffraction using an ultracold source. (a) Schematic of experimental setup [7];  
(b) Diffraction pattern recorded with a 10.8 keV electron beam. The width of the diffraction peaks is 
consistent with the independently measured effective source temperature T = 10 K [7].
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The achieved phase space density f ≈ 10-7 is compara-
ble to state-of-the-art photocathode guns. If we were 
able to stash 106 electrons in the same bunch, i.e.,  
103 – 104 times higher density, resulting in a phase 
space density f ≈ 10-4 – 10-3, then 100 fs, single-shot 
electron diffraction of complicated macromolecular 
crystals, and maybe even single-shot imaging come 
within reach. Is this possible?

Future
To achieve this goal we plan to combine the ultracold 
electron source with bunch-shaping and bunch-compres-
sion techniques. Recently, the group of Rob Scholten of 
the University of Melbourne demonstrated how a spatial 
light modulator can be used to shape the excitation laser 
profile and thus the initial spatial distribution of ultracold 
electron bunches extracted from a MOT into almost any 
desired 2D form [8]. To actually realize uniform ellip-
soidal electron bunches, the initial distribution needs to 
be shaped in 3D, which means that both the excitation 
and ionization laser profiles need to be controlled. In 
addition, the effect of the ion background on the electron 
distribution during bunch extraction has to be dealt with, 
making bunch shaping a greater challenge than in the 
case of a flat photocathode. Once this last obstacle has 
been taken ultrafast, single-shot electron diffraction of 
protein crystals, and possibly even ultrafast, single-shot 
electron imaging, will become a reality. n
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The most profound questions with the most surprising answers are often the simplest 
to ask. One is: Why is the climate always changing? Historical and archaeological 
evidence of global warming and cooling that occurred long before the Industrial 
Revolution, require natural explanations.
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1 Cosmic rays consist mainly of protons with energies in the range 106 -1018 eV. The 
relevant energies for climate are in the range 109 -1011 eV. Such cosmic rays are ac-
celerated in shock fronts of supernovae.
2 Aerosols are 0.001–1 µm diameter particles of liquid or solid suspended in the air. 
Aerosol concentrations vary typically from ~100 cm-3 in maritime air to ~1000 cm-3 

in unpolluted air over landmasses, but there are large variations from these values. 
Aerosols larger than ~0.05 µm can serve as cloud condensation nuclei. 

Sun climate link
In 1996 the unexpected discovery was announced that the 
intensity of Galactic cosmic rays incident on the Earth’s at-
mosphere correlates closely with variations of global cloud 
cover [1]. It was suggested that this connection could be 
responsible for the observed correlations between varia-
tions in solar activity and climate. In fact there is plenty 
of empirical evidence of a link between solar activity and 
Earth’s climate. One of the more beautiful results is the 
multi-millennial correlation between the temperature of 
the Indian Ocean as mirrored in the ratio between different 
oxygen isotopes in stalagmites in a cave in Oman, and solar 
activity, as reflected in the cosmogenic carbon 14 isotope 
[2]. In 2008 Shaviv quantified the solar climate link. Us-
ing the oceans as a calorimeter the solar forcing over the 
(~11 year) solar cycle was estimated to be in the range 1.0 
-1.5 W/m2. This value is 5-7 times larger than the forcing 
from solar irradiance alone, and points to an amplification 
mechanism, that may well involve clouds [3].

So the question is, what mechanism could be respon-
sible for a cosmic ray - cloud correlation? The ideas soon 
focused on the formation of aerosols and subsequent-
ly growth to CCN, as a possible explanation.  The idea 
could be tested experimentally and in 2006 the first re-
sults where published, which demonstrated that when 
ionization is increased the number of small aerosols (3 
nm) increased as well [4]. 

The immediate reactions to these results were that, 
although we see 3 nm aerosol particles formed in the 
experiment, they would be unimportant in the real at-
mosphere as there are a sufficient number of CCN al-
ready. That ions are unimportant in CCN formation, 
found further support when a number of numerical 
simulations of the prevailing theory pointed to a failure 
of growth to CCN (e.g. [5]). If true the cosmic ray – cloud 
idea would be dead.

Fortunately the theory could be tested experimental-
ly, as was done with SKY2, the chamber of which holds  
8 m3 of air and traces of other gases. One series of experi-
ments confirmed the unfavorable prediction that the new 
clusters would fail to grow sufficiently to be influential for 
clouds. But another series of experiments, using ionizing 
gamma rays, gave a very different result. In this case all 
the additional formed small aerosols (3nm) grew to CCN 
sizes, contradicting the numerical simulations of aerosol 
formation and growth [6]. 

H
ere, the surprising answer about those never 
ending natural changes of climate is that ga-
lactic cosmic rays1, atomic particles coming 
from the supernova remnants left by explod-

ed stars, appear to play a major part. By ionizing the air, 
cosmic rays help to form aerosols2 that may grow into 
cloud condensation nuclei (CCN), required for water 
droplets to condense and create low-altitude clouds. As 
these exert a strong cooling effect, increases or decreases 
in the cosmic ray influx and in cloudiness can signifi-
cantly lower or raise the world’s mean temperature. This 
is the central hypothesis. 

b Hubble picture 
of the Pleiades, 
the nearest open 
stellar cluster, 490 
light-years away and 
formed together 
as a large group.
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Link to the Milky Way 
For some years it has been a contentious issue whether our 
planet’s ever-changing location in the Milky Way Galaxy 
and associated variations in the influx of cosmic rays have 
influenced its climate and life over geological time scales. 
More than ninety years ago the astrophysicist Shapley sug-
gested that ice ages on the Earth might be due to the Solar 
System’s encounters with gas clouds in the Milky Way. A 
more comprehensive scenario from Shaviv [8] linked icy 
episodes on the Earth during the Phanerozoic Eon (last 
542 Myr) to the Solar System’s encounters with spiral arms 
of the Milky Way as it orbited around the Galactic centre. 
As spiral arms are regions of increased star formation3 and 
therefore also the heavy stars that become supernovae, they 
are regions of elevated galactic cosmic rays.  

At first sight it seems unlikely that processes in remote 
space should have a large influence on Earth. However, dur-
ing the last decade the evidence has been accumulating. A 
recent example is based on open star clusters in the solar 
neighbourhood, from which the supernova history during 
the last 500 million years was constructed [9]. Open stellar 
clusters4 in our stellar neighbourhood, born together many 
millions of years ago, have ages that clump together at times 
of high star formation rates, corresponding with our planet’s 
encounters with the bright star forming regions of the Milky 
Way. These are the scenes of intense star formation, including 
massive stars that explode as supernovae and shower our 
planet with energetic Galactic cosmic rays. At such times 
the Earth was cold, because cosmic rays promote cloud 
formation that reduces sunshine at the surface. In darker 
regions of the Milky Way, between the star forming regions, 
the Earth was warm – far hotter than today. Fig. 2 shows the 
supernova rate reconstructed from open stellar cluster in the 
solar neighbourhood during the last 500 million years (red 
curve). The variations in supernovae rate over this period 
correlate with the variations in climate. The colored band 
on top indicates climatic periods: warm periods (red), cold 
periods (blue), glacial periods (white and blue hatched bars) 

Of course a controlled experimental environment 
is no guarantee that an effect will survive in the real 
atmosphere. Therefore an effort was undertaken to use 
sudden plasma ejections from the solar corona (coronal 
mass ejections) to look for an effect in aerosols and 
clouds on a global scale. If the ejected plasma travels 
past the Earth, there will be a sudden decrease in the 
measured cosmic ray flux typically over hours, which 
slowly recovers during a week or two. These events are 
called Forbush decreases and can in this context be seen 
as natural experiments with the whole Earth. Following 
strong Forbush decreases in the period 1987- 2006, a 
clear response was found both in aerosols and clouds, 
see Fig. 1. This result demonstrates the whole chain from 
solar activity to cosmic rays to aerosols to clouds. Due 
to the time it takes for small aerosols to grow to CCN a 
delay of 4-7 days is not unreasonable as seen in the cloud 
responses, and the size of the response is consistent with 
expectations [7]. 

The ideas presented so far have involved cosmic rays 
modulated by solar activity. But over millions of years 
there can be much larger variations in the cosmic ray 
flux impinging on the Earth’s atmosphere. These varia-
tions are related to the changes in supernova rates in the 
solar neighborhood and provide an independent test of 
the cosmic ray – cloud link as will be presented in the 
next section.

3 Regions of high star formation are also regions where stars of masses more than 8 
times the mass of our Sun can form. Such massive stars end their lives after a relatively 
short time as supernovae. Since the supernova shock fronts are the accelerators of 
cosmic rays, temporal variation in the number of supernovae in the solar neighbour-
hood translates into variations in the cosmic ray flux on million year time scales.
4 A loose, irregular grouping of stars held together by gravity that originated from 
a single molecular cloud. Open stellar clusters typically contain from a hundred to 
several thousand stars and are confined to the disk of the galaxy. The Pleiades is the 
best-known open cluster.

m FIG. 1: The daily 
averages of aerosol 

and cloud parameters 
preceding and during 

Forbush decreases 
in the cosmic ray 
flux (red dashed 

curve), averaged 
over the 5 strongest 

events between 
1987 and 2005, (a) 

The Aangstroem 
exponent from 

the AERONET data 
(indicating the 

density of aerosols 
in the atmosphere), 

(b) cloud water 
content over the 

oceans (SSM/I data), 
(c) liquid water cloud 

fraction (MODIS 
data), and (d) low 

IR-detected clouds 
(ISCCP data). From [7].
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and finally peak glaciations (black and white hatched bars). 
Note the correspondence between high supernovae activity 
and cold/glacial climate (for more information see, Ref. [9]).

But it is not just climate that is affected. Life on Earth 
responds to climatic variations. The effects are coun-
ter-intuitive, with the most generous bio-productivity 
occurring in the cold intervals associated with the star 
forming regions. Figure 2 compares this cosmic ray histo-
ry (red curve) with a carbon-13 isotope history obtained 
from marine sediments (grey symbols, blue dashed curve 
smoothed carbon-13). Carbon-13 follows changes in the 
carbon cycle and carries information on the burial of 
organic material in sediments, and of bio-productivity, 
and so it also reflects the overall condition of life on Earth. 

Despite the large variability in carbon-13 in each time in-
terval, the influence of the supernova rate plainly overrides all 
the complex practical and theoretical reasons why such coher-
ence with carbon-13 might not be expected. Life’s connection 
to supernova rate does not stop with the bio-productivity. 
Even CO2 concentration in the atmosphere and genus-lev-
el diversity of extant and extinct marine-invertebrates as an 
index of variable biodiversity also show a remarkable con-
nection to variable SN rates. (See Fig. 20 and 21 in Ref. [9]) 

Since the supernova variation reflects variation in star 
formation and the morphology of our Galaxy’s spiral arms 
one ends up with the surprising result that the conditions for 
life on Earth are a reflection of the shape of the Milky Way. 

Conclusion
A surprising consistency exists between variations in cos-
mic ray flux and variations in climate and is a motivation 
for continued research. It is seen on nearly all timescales 
ranging from days to millions of years. As for palaeo-bi-
ology, remarkable connections to the long-term history 
of life and the carbon cycle have shown up unbidden. Bi-
odiversity and bio productivity (d13C) all appear so highly 
sensitive to supernova in our Galactic neighborhood that 
the biosphere seems to contain a reflection of the sky. n

c FIG. 2: Red curve is the variation in the local supernova rate, and 
therefore also the variation in cosmic ray flux during the last 500 
Myr. The colored band indicates climatic periods: warm periods (red), 
cold periods (blue), glacial periods (white and blue hatched bars) 
and finally peak glaciations (black and white hatched bars). The 
proportions of carbon-13 in sediments (d13C in parts per mill) over 
the past 500 Myr, shown in the scattered points, reflect changes in 
the carbon cycle. d13C carries information on the burial of organic 
material in sediments, and is therefore a record of bio-productivity. 
Blue dashed curve is smoothed d13C. Circles are d13C from marine 
carbonates, open circles with a star symbol, Jurassic to Neogene, are 
a carbon isotopic record of organic matter. Note that there are three 
brief gaps in the d13C data (end-Silurian, mid-Carboniferous and mid 
Jurassic). Abbreviations for geological periods are Cm –Cambrian,  
O – Ordovician, S – Silurian, D – Devonian, C – Carboniferous, P – Permian,  
Tr – Triassic, J – Jurassic, K – Cretaceous, Pg –Palaeogene, Ng – Neogene.  
Figure based on Ref. [9].
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Sinking with the Titanic

In the Titanic movie, when the rear part of the ship is about to sink, Jack Dawson (Leonardo 
DiCaprio) says to Rose DeWitt Bukater (Kate Winslet) to get ready to swim, because the sinking 
body will suck them into the abysses. Is this sucking phenomenon really happening? And, if so, why? 

T
he occurrence of the sucking is certain. In his 
memories [1], Tameichi Hara describes his ex-
perience of jumping off a sinking boat, and of 
the resulting sucking vortex. The presence of 

such a phenomenon is also the subject of a MythBuster 
episode [2] that negates this effect, but uses a small boat. 

 Searching on Internet, one can generally find three types 
of explanation. The first one refers to the air contained in 
the boat, which – while escaping during the sinking – would 
lower the density of water. The second is that water, entering 
the void spaces inside the ship, would suck people inside. 
The third is related to the viscous drag effect that causes a 
vortex behind a body moving through a fluid. It is the same 
effect which, in a convertible car /cabriolet, makes long hair 
whip one’s own face. It is easy to visualize this by blowing at 
a candle behind a hand (i.e., changing the reference frame), 
or moving a hand in water containing small floating objects. 

This effect also depends on the speed of the moving 
object, at least for small velocities. 

However, there is a more conspicuous effect due to Ar-
chimedes that is generally ignored (somehow related to the 
“sucking void effect”). If one wants to perform this “show”, 
I suggest buying the “Tubtanic” bath plug [3], for the ini-
tial introduction. One also needs an “iceberg” (to be used 
for the introduction and the final challenge), a transparent 
cylinder and a glass with a diameter about half that of the 
cylinder and a thick bottom (for stability and for displacing 
more water). 
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Fill the cylinder half with water and let the glass 
(our Titanic) float. Mark the water level with a 
whiteboard marker and ask the audience to vote 
for three possible answers to the question: If I let 
the glass sink, what will the water level be after 
sinking of the ‘Titanic’ (see Figure p.30)? Will it 
be (a) higher than the current level, (b) the same, 
or (c) lower? 

Surprisingly, I found that most people choose 
answer (a), but the experience shows that the “sea 
level” is lower after the sinking (the effect is more 
easily visible if the glass is displacing a large mass 
of water and if the cylinder is tight). 

The explanation implies a quick recall of Ar-
chimedes’ law: the buoyant force exerted on a 
body immersed in a fluid is equal to the weight 
of the fluid that the body displaces. This force is 
equal to the weight of the glass. But because of the 
larger density of the glass, it displaces a mass of 
water which is larger than its own mass, an action 
that is obviously possible due to the air-filled part. 
After sinking, the glass only displaces a mass of 
water equal to its own volume, and the water level 
lowers. For a sinking ship, this means that it tends 
to dig a “hole” in the ocean, which is immediately 
filled by the neighbouring water. This effect, like 
the drag effect, depends on the speed of sinking, 
so it is difficult to distinguish between the two. 

After performing this experiment, one can 
remove the glass, put the “iceberg” inside the 
cylinder, mark the water level again and ask for 
a first challenge: what will happen to the water 
level after the ice has melted? One has to wait 
for a while, so it is convenient to perform this 
experiment at the beginning of the show, collect 
the answers and return to this subject at the end . 

And now a final challenge: put a golf ball in a 
glass and add salt so that it just floats. What will 
happen to the ball if one pours some additional 
lighter liquid (oil or liquid soap) in the glass [4]? 
Will it (a) rise, (b) stay the same or (c) sink? n 
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Opinion: increasing the number of 
women in physics? You can help!
Véronique Pierron-Bohnes is Chair of the Commission ‘Femmes  
et Physique’ de la SFP and Directrice de Recherche, CNRS

T
he current society is based 
on high technological devel-
opments in which Physics 

is crucial. To remain in the topmost 
industrial countries, Europe has to 
train and hire many physicists in or-
der to significantly contribute to the 
industrial rise, and to the knowledge 
development in academic laborato-
ries. The number of young people 
motivated to enter research in physics 
is dramatically decreasing in North-
ern and Western European countries, 
the percentage of female physicists 
being significantly lower than 50% 
and still much lower in Grade A po-
sitions1. Moreover, in France where 
young girls and boys are having 
similar results in secondary schools, 
very few girls choose physics at the 
university. This is not only decreas-
ing the number of potential physicists 
in the workforce, but also depriving 
industries and research of diversity 
in terms of imagination and point 
of view.

To choose a job, a youngster has 
to identify her(him)self to a person 
practicing that job whom she(he) 

met (in reality or in the media). This 
is the reason why many children 
want to become a teacher, a nurse, 
a medical doctor, a policeman, etc. 
In the media and in the text books, 
physicists are almost always repre-
sented as men. Except Marie Curie, 
almost no female physicist model is 
presented. The girls who like physics 
at school are induced to think that 
being a physicist is not a job for them. 
Consciously or unconsciously, they 
do not consider becoming a physi-
cist – except maybe a physics teacher. 
To motivate them to choose physics, 
it is necessary that they meet many 
female physicists feeling confident 
about themselves, who succeeded to 
break the glass ceiling2. 

The “Women & Physics” commis-
sion of the French Physical Society 
(SFP) has launched several actions to 
increase the visibility and promotion 
of female physicists3: for example mo-
tivating female physicists to give talks 
outside the academic frame (class-
rooms, wide audience conferences, 
media…)4 and increasing the female 
ratio in all committees. 

Do you want to help improving the 
position of women physicists? Here is 
a simple action for each of you: every 
time you attend a scientific committee, 
just check the gender ratios in the se-
lected persons (invited speakers, hired, 
promoted, awarded or granted per-
sons, etc.). Are they in agreement with 
the gender ratio in your field: 1 woman 
for every 4-5 positions in physics? A 
good trick to select women for any of 
these promotions/invitations is to start 
with the choice of women. Indeed, it is 
much easier to find the right women 
without additional difficulties such 
as fulfilling geographic and thematic 
criteria. Subsequently you will find 
the men who will fulfil all the needed 
criteria! n

Make the 
gender ratios 
in any  
selection 
outcome 
reach the 
gender ratio 
in physics

1  European Commission, She Figures 2012: Gender in Research and Innovation (Directorate-General for 
Research and Innovation, Brussels, 2013). It is worth noting that in the Southern countries, where the tra-
dition in science is more recent, the number of women is larger and the masculine advantage smaller. 
http://ec.europa.eu/research/science-society/document_library/pdf_06/she-figures-2012_en.pdf. 

2  The ‘glass ceiling’ is a metaphor to indicate that women have more difficulties than men to get the topmost 
positions at equivalent file. In France, there are 46% of girls in science classes before university, whereas 
27% of physics faculty members are women in grade B positions and only 12% in grade A!

   http://sd-2.archive-host.com/membres/up/38164215153597045/_Stat_CNU_Sexuee_IDF_Regions.pdf
3 The details can be found in French on: 
   http://www.refletsdelaphysique.fr/articles/refdp/pdf/2014/04/refdp201441p10.pdf 
4 A list of French female physicist speakers is under construction, ask for it to: sfp-femmes@sfpnet.fr
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