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 [EDITORIAL]

Goodbye and good luck EPN! 
The job of magazine Editors is to keep eyes wide open  
to the actuality, to feel what the readers will be interested  
in and to invite the most talented authors to tell the stories.  
It is exactly the opposite of the Editors’ job in research journals 
who receive supposedly original material from authors and  
have to decide if it is worth publishing or not. So, it is journalism 
rather than research. After being on both sides for many years, 
time comes to go for good: the present issue of Europhysics News 
is the last I am in charge of. 

L
et me take a look at the past and 
into the future in my second 
EPN editorial. 

My first one was published in EPN 36/4 
(August 2005). I had to present myself 
while becoming Editor of the journal. 
I wrote about my age, saying I was old 
(and experienced?) enough to take the 
job. It was only partly a joke. The EPS 
is a multinational affair and the way it 
has to show to its members, both indi-
vidual and collective, that they belong 
to one family is through its letters and 
magazines, reaching everybody in all 
corners of Europe. Their contents make 
the European cement and so their Edi-
tors occupy highly strategic positions. 
I regret that the printed EPN remains 
accessible only to a small fraction 
(about 20%) of the European Phys-
icists. Fortunately, EPN is available 
freely on the web, and although print-
ed versions of EPN are not distribut-
ed to the members of the British and 
German Physical Societies, they can 
have access to web version of EPN. 
However, who reads something sev-
eral pages long on the web? I don’t. I 
spend too much time on my computer 
from which I get too many things! My 
only effort is to extract and store the 
web-only journals and magazines… 
and forget them. To me, a magazine 
has to be printed for pleasant read-
ing and useful storage. Do you agree?  
I hope this will remain the case for 

EPN, even if costly. It is so important 
to get one’s own copy, to have it ready 
to be enjoyed anytime, even in an arm-
chair at home! My dream would be to 
get it eight or even ten times a year…
It is fun to compare the 2013 issues to 
the 2005 ones: more illustrations now, 
less text, wider variety of subjects, new 
structures with Highlights, Opinions 
and Letters. The driving force for the 
whole team is to make the readers ea-
ger to open the new issue.
Three persons, who have been the same 
for the last 6 years, work at making EPN 
a more magazine-like journal. Two 
volunteers (the Editor and the Science 
Editor) have launched the editorial and 
structural changes while the EPS design-
er took care of the presentation chang-
es. They were delighted by the birth, in 
2011, of the monthly web-letter, e-EPS, 
which freed them of ephemeral news. I 
wonder if the name “Europhysics News” 
remains appropriate. The EPN title 
should reflect its present role and could 
be simply “The EPS Magazine” (figure). 
I hope my successor Victor1 will raise 
the question, the decision remaining at 
the highest level of the EPS.
As one of the three let me thank with 
all my heart the two others, Jo and 
Xavier, with whom it has been a great 
pleasure to work in such a confident 
and friendly atmosphere. They stay  

and I am sure that they will go along 
well with Victor who, I know, will 
bring new ideas for an ever more at-
tractive EPS magazine.  
Thanks also to the EPS and its Secre-
tary General for respecting our perfect 
independence all along these years.
You may still ask how old I am. Well, 
old enough to be replaced! n

ll Claude Sébenne
Europhysics News Editor  

(until 31 December 2013)
. Possible new 
head for EPN
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EPS HISTORIC SITES

T he linac operation started in 1959 and ended 44 years later. In the 
meantime, many upgrades were performed to improve its perfor-
mance and major facilities were added, ranging from lepton colliders 

to synchrotron light sources.
In 1962, the AdA collider, designed and built in Frascati under the leadership 
of Bruno Touschek, was brought to Orsay as the LAL linac allowed a higher 
particle injection rate. A year and a half later, the first ever electron-positron 
collisions were observed and the machine studies performed with AdA 
opened an entirely new field in accelerator science. In particular, the so-
called Touschek effect, which is still limiting the performances of today’s low 
energy and high current accelerators as well as synchrotron light sources, 
was discovered and understood while AdA was running at LAL.
The ACO stored its first beam in 1965. ACO, built by the LAL in collabo-
ration with a team from CEA-Saclay, was an electron-positron collider of 
1100 MeV total center-of-mass energy which lead to important discoveries 
in accelerator physics and to many pioneering measurements of vector 
meson properties. Until 1975, six particle detectors were operated in turn 
at ACO, in particular the first detector that ever featured a longitudinal 
magnetic field.
Following an idea of Orsay Professor Yvette Cauchois a first synchrotron 
light beam was turned on at ACO in 1973, making it the first storage ring in 

The LAL-LURE  
accelerator complex, 

a new EPS historic site

The ‘Laboratoire de l’Accélérateur Linéaire’ (LAL), 
CNRS-IN2P3 and Université Paris-Sud, was set up at 
Orsay in 1956 to build and operate a state-of-the-art 
linear accelerator (‘linac’) that would provide high 
intensity electron and positron beams of 1 GeV or 
more. Later on, in the early 70’s, the ‘Laboratoire pour 
l’Utilisation du Rayonnement Electromagnétique’ 
(LURE) was set up in close technical connection 
to LAL to make full use of the synchrotron light 
available at the Anneau de Collisions d’Orsay (ACO)  
storage ring built by LAL in 1962-65, and to develop 
a wide research programme including such fields as 
materials science, chemistry or structural biology. 

http://www.europhysicsnews.org
http://www.eps.org/publications
mailto:claude.sebenne@impmc.upmc.fr
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
mailto:info@route66-agence.com
http://www.edpsciences.org
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Europe available to synchrotron light 
users. In June 1983, a free-electron la-
ser was successfully operated at ACO; 
the second in the world, it was the 
first one in the visible bandwidth and 
the first at a storage ring.
Until the mid-80’s, particle physics 
and synchrotron light experiments 
ran in parallel on site, all were mak-
ing use of the LAL linac either as 
an accelerator or as an injector. 
The former field was driven by the 
DCI collider where three detectors 
operated between 1976 and 1984. 
Close to nine million J/ψ particles 
were collected – the world largest 
sample at the time. Then, DCI was 
fully dedicated to hard X-ray pro-
duction, while the successor of ACO, 
Super ACO, specifically designed as 
a synchrotron source started oper-
ating in 1987. Both were using pos-
itron beams.

Super-ACO provided twenty light 
beams to a large international user 
community working in atomic and 
molecular physics, solid state and 
surface physics, protein structure 
studies, among others. It featured six 
ondulators and a free electron laser 
that produced a coherent beam in the 
visible-300 nm range.
Finally, in 1991, the CLIO free electron 
laser was commissioned. This facility, 
still in use today, allows one to investigate 
non-linear phenomena and ultra-fast 
processes in the infrared domain.
These achievements, covering five dec-
ades of basic science, have motivated 
the European Physical Society to award 
its “Historic Label” to the LAL-LURE 
accelerator complex, making it the 8th 
such site in Europe and the second in 
France after the ‘Observatoire des Cos-
miques’ in the Chamonix valley. The 
ceremony took place on September 13, 

2013, in the ‘Pierre Marin’ experimen-
tal hall which hosts ACO, now regis-
tered French historical monument and 
one of the main attractions of the ‘Sci-
ence ACO light and matter’ museum. 
This presentation was part of a series 
of events organized that day and the 
following weekend – on the occasion 
of the European Heritage Days – to cel-
ebrate the 50th anniversary of the colli-
sions observed at AdA and to cement 
the LAL collaboration with the INFN 
Frascati laboratory (LNF), as well as a 
scientific twinning between the Orsay 
and Frascati cities.
LURE has given birth to SOLEIL, the 
French third generation synchrotron 
located a few kilometers away from 
Orsay, on the Saclay plateau. LAL is 
still a major laboratory whose research 
activities range from the infinitely 
small to the infinitely large, from the 
LHC to the Planck satellite. Its acceler-
ator department is presently involved 
in many projects: the local and state-
of-the-art PHIL photo-injector and 
the THOMX compact X-ray source; 
international projects like XFEL in 
DESY (Germany) and ELI-NP in Ro-
mania; or basic science developments 
at CERN, KEK, etc. n

ll Nicolas Arnaud,  
Jacques Haïssinski, 

Laboratoire de l’Accélérateur  
Linéaire (CNRS/IN2P3 and  

Université Paris Sud), Orsay France

m The unveiling of 
the EPS “Historic 
site” plate in front 
of the ACO collider. 
From left to right, 
on the front 
row: A. Stocchi, 
LAL director; G. 
Senzacqua, Frascati 
deputy mayor; S. di 
Tommaso, Frascati 
mayor; D. Ros, 
Orsay mayor;  
J. Dudley, president  
of the European 
Physical Society;  
M. Ducloy, a former  
EPS and SFP 
president. Two 
such plates are on 
display on site:  
one at the LAL 
main entrance, 
the other in the 
‘Pierre Marin’ 
experimental 
hall that hosts 
the Science ACO 
museum.
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N
ow, there is a growing com-
mitment of scientists to share 
our knowledge and opinions 

with society. Indeed, it is our duty to 
explain how we use public funds in-
vested in the development of basic 
science and technology. Investment 
in scientific research and education 
is essential for sustainable economic 
development.  This is a basic principle, 
which motivated the goal established in 
2000 by the European Council in Lis-
bon for Europe to become the world’s 
most competitive and dynamic knowl-
edge-based economy. Achieving this 
requires a firm commitment from the 
European Union, and each country in 
Europe, to continue to invest in scientif-
ic education and research, and to work 
to implement a unified research policy. 
The European Physical Society (EPS) 
strongly supports this view and more-
over affirms its belief that re-focusing 
Europe as a knowledge-based society 
is the best way to deal with present and 
future social and economic challenges.

Horizon 2020 opportunities 
for research
The European research programme 
Horizon 2020 is a unique opportunity 
to reinforce the vital relation between 
basic science and technological appli-
cations, and thus to advance Europe’s 
position in both research and innova-
tion. Funding priorities and mecha-
nisms in Horizon 2020 are founded on 
the principles that basic science and 
technology are interdependent, they 
drive each other in a synergetic way, 
and that both must be supported [1].

Horizon 2020 is an opportunity for both 
researchers and policy makers to recog-
nise and expand Europe’s scientific and 
technological strength.  Europe has a 
dynamic culture of research creativity 
and diversity, and leads the world in ar-
eas ranging from fundamental particle 
physics to communications and aero-
space technologies. But there is much 
room for improvement: for example, 
reducing research fragmentation and 
bureaucracy will improve use of public 
resources; simplifying academic-indus-
try linkages will reduce time to market 
for new technologies; strengthening 
public-private partnerships will better 
promote growth and create jobs. Hori-
zon 2020 has potential to support Eu-
rope’s strengths and address Europe’s 

weaknesses. Investment in research is 
essential for economic growth, and reaf-
firms Europe’s commitment to its future.

Horizon 2020  
funding structure
The European Research Programme 
Horizon 2020 (H2020) will provide 
funding (in the range of €70 billion) 
for research and innovation from 2014 
to 2020, bringing together all EU re-
search and innovation funding provid-
ed through the Framework programme 
for Research and Technological devel-
opment (FP), the Competitiveness and 
Innovation Framework Programme 
(CIP) and the European institute of 
Innovation and Technology (EIT), with 
three strategic objectives [table 1]:
'Excellent science' including Europe-
an Research Council grants to top-level 
individual researchers working in Eu-
rope, investment in emerging technol-
ogies to open up new fields of research 
and Marie Curie Actions to develop re-
search and innovation skills through 
the training, mobility and career devel-
opment of young researchers.
'Industrial leadership' including 
major investments in key industrial 
technologies such as, Information and 
Communication Technologies, Indus-
try and Societal challenges, Nanotech-
nologies, Biotechnology and Space.
'Societal challenges' focusing on key ar-
eas like health and ageing, food security, 
clean and efficient energy, climate and 
smart transport where there is a need 
to involve the general public in the de-
bate as well as in the scientific and po-
litical institutions. Societal challenges, as 

European Programme for Research  
and Innovation Horizon 2020:
Opportunities for research and commitment to society

If you ask a member of the public about the meaning of FP7 or H2020, they might wonder, 
‘What on earth this has to do with us?’. Indeed, not so long ago scientists were considered 
a closed society living in ivory towers, spending much of their time in exotic laboratories 
and academic institutions. 

. Table 1: 
Foreseen 
distribution  
of H2020  
budget



FP7 Horizon 2020 
Energy Challenge: secure, clean and efficient energy
Fuel Cells and Hydrogen-Joint 
Undertaking [www.fch-ju.eu]

Challenge: Secure, Clean and Efficient Energy. Alternative 
fuels and mobile energy sources (Reducing time to 
market for hydrogen and fuel cells technologies)

Competitiveness and Innovation
Framework Programme (CIP)

Horizon 2020

Intelligent Energy Europe Programme (IEE) Robust decision making and public engagement. Market uptake 
of energy innovation, empowering markets and consumers.

Strategic Energy Technology Plan (SET Plan Initiatives) Horizon 2020
European Industrial Initiatives (EII) - EII 
Solar, Wind, Carbon capture and storage 
(CCS), Bioenergy, Smart Grids.

It may be envisaged that existing European Industrial 
Initiatives of the SET Plan are turned into formalised 
public-private partnerships to increase the level and 
coherence of national funding and to stimulate joint 
research and innovation actions among Member States.

European Energy Research Alliance (EERA)  
[www.eera-set.eu]

Further support may also be provided to the EERA established 
under the Strategic Energy Technology Plan (SET Plan).
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Outlook
Science and education provide the tools 
to understand current social challenges. 
They provide citizens with the capability 
of critically examining options present-
ed to them. This free thinking enables 
independent and well-founded views 
on the difficult social and economic 
issues that lie ahead of us.
We urge research policy makers at the 
European level to support European 
research and development through a 
coherent and inclusive European and 
regional policy that strengthens the 
mutually beneficial relationship be-
tween education, research and innova-
tion. Research and education provide 
the opportunities for innovation that 
Europe needs. n

ll C. Hidalgo, D. Lee and J. Dudley,
European Physical Society

References
[1] http://ec.europa.eu/research/ 
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technology/fp7_en.htm

[4] A "Supplementary Research Programme" 
under the EURATOM Treaty will provide 
the EU contribution to the ITER project 
from 2014 to 2018 to fund this contribu-
tion outside the Multi-annual Financial 
Framework after 2013. The Supplemen-
tary Research Programme will ensure 
that Europe is able to honour its inter-
national obligations to the ITER project 
aiming to demonstrate fusion as a viable 
and sustainable source of energy.

Alliance) initiatives [table 2]. The 
H2020 funds for energy (in the range 
of 7 %) and climate action (4%) are 
symbols of the importance of these 
challenges worldwide [4].

Europe 2020 financial 
instruments
We believe that current austerity 
measures in many countries in Eu-
rope should not jeopardise the future 
of Europe as a knowledge-based soci-
ety. It is more important than ever that 
Horizon 2020 maintain its ambitious 
objectives, including support for: in-
frastructure and new facilities; both 
team-driven research and individual 
researchers; mobility, training and ed-
ucation. The European H2020 funding 
must be also supported with actions at 
national level for re-launching Europe 
as knowledge based society.
In addition, synergy is required be-
tween Horizon 2020 and the structural 
funds as financial tools set up to imple-
ment the regional policy of the Europe-
an Union. The full commitment of EU 
and national politicians is essential, as 
key pillars in our democratic societies, 
with a truly European Research and 
Education global policy.

powerful drivers of change in economy, 
require cooperation along the whole 
chain from research to solutions.
The H2020 goal is to bring excellent 
research results to market with ben-
efits to citizens by strengthening in-
novation with bottom-up activities, 
allowing Europe´s brightest minds to 
propose their own solutions, reversing 
brain-drain and attracting talent from 
around the world and retain research-
ers in Europe, developing industrial 
leadership and competitiveness and 
promoting science education.
The European Research Council (ERC) 
has fulfilled the high expectations placed 
on it by the research community during 
the short time since it was established 
at the beginning of the 7th Framework 
Programme (FP-7). Thus, we are pleased 
with the increased funding in H2020 
as compared to FP-7 [fig. 1]. The ERC 
is a successful pan-European funding 
organisation for frontier research that 
has funded, through both ERC Start-
ing and Advanced Grants, over 3,600 
frontier research projects throughout 
Europe [2] and has become a reference 
of the competitiveness and excellence 
of national research and innovation sys-
tems, complementing existing funding 
schemes at national and European lev-
els. The last ERC call under FP-7, saw an 
increase in the demand for these grants, 
which is a continuing trend. The next 
Starting Grant calls will fall under the 
new Framework Programme, H2020.
Providing clean and efficient energy 
is a key strategic challenge in Europe, 
with the H2020 programme bridging 
previous FP7 and CIP programmes 
(e.g. Fuel Cells and Hydrogen, Intel-
ligent energy Europe programme) 
and the Strategic Energy Technology 
Plan-SET [3] (e.g. European Industrial 
Initiatives, European Energy Research 

b Fig 1:  
ERC budget 
evolution  
during FP-7 
[http://erc.
europa.eu/
about-erc/ 
facts-and-
figures]. The ERC 
represents 15% 
of the overall 
FP7 budget (€ 
7.51 billion of 
€ 50.5 billion) 
as compared 
with 17% of the 
H2020 budget.

. Table 2:  
H2020 
programme 
bridging 
previous FP7, 
Competitiveness 
and Innovation 
Framework (CIP) 
Programmes 
and the 
Strategic Energy 
Technology 
(SET) Plan

http://www.fch-ju.eu
http://www.eera-set.eu
http://erc.europa.eu/about-erc/facts-and-figures
http://erc.europa.eu/about-erc/facts-and-figures
http://erc.europa.eu/about-erc/facts-and-figures
http://erc.europa.eu/about-erc/facts-and-figures
http://erc.europa.eu/about-erc/facts-and-figures
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T
he National Centre for Science 
Education found the idea so 
good, that they wanted it to 

be a national network. The idea was 
to have regional networks with one 
upper secondary school as focal point 
in a network of secondary schools. To-
gether with Statkraft and The Ministry 
of Education, they decided to finance 
the project. The project was launched 
as a part of the World Year of Physics 
with a big celebration in The Oslo Uni-
versity’s Aula. The first year the net-
work consisted of 11 local networks 
and a total of 39 schools . At the same 
time we invited separate schools to 
join a weather station network. In 
the final project year of 2012/13 we 
were 12 local networks with a total of 
46 schools.

The main idea in the project has been 
to create enthusiasm among the stu-
dents through: 
•• �Teaching physics themselves

	 Students from upper secondary 
school function as teachers for the 
students in a secondary school. For 
example could students organize an 
Energy Day or an Energy Camp.

•• The use of modern weather stations
	 The upper secondary schools form 

a network of Davis weather stations 
throughout Norway. The data from 
these stations can be used in different 
subjects like natural science, physics, 
mathematics and geography, 

The Energy Week
Every year since 2008 we have organ-
ised what we call The Energy Week. In 
this week all schools in the network 
organise energy activities at their own 
school. The schools were free to define 
what they wanted to do. The network 
provided some ideas like The Energy 
Detective, Solar Energy activities and 
The Energy Game. 

Teacher network  
and workshops
One of the strong motivations for 
the teachers to participate in the net-
work has been to be a part of a na-
tional teacher network. A network of 
teachers that share the same interest 
in energy issues. In addition they get 
in direct contact with scientists from 
the participating institutions [The 
Norwegian University of Life Sciences 
(UMB), Royal Norwegian Naval Acad-
emy , The University of Oslo (UIO), 
The Norwegian Radiation Protection 
Authority (NRPA) and Statkraft]. 
Every year all the teachers, two from 
each school, meet to discuss the pro-
ject and present new ideas. At this 
yearly workshop we invite scientists 
to present a specific topic related to 
energy. These workshops have been 
important in many ways:
•• It gives the project management an 
opportunity to meet the participants 
in person and get feedback

•• It gives the teachers an ownership of 
the project

•• It gives new ideas and new inspiration
•• It gives all participants new and up-
dated knowledge about energy issues.

The Energy Network
Norway 2005-2013

In the year 2005 Vest-Telemark high school got a challenge from Statkraft region East. 
Statkraft is the biggest Hydro Power Company in Norway.  They wanted Vest-Telemark upper 
secondary  school  to coordinate energy activities at the secondary schools in the region. 

m The winner 
of the Energy 
Camp 2012 at 
Hardangervidda, 
Høydalsmo 
school

EXPLANATORY CAPTION 
The Physics Education Division awards 
a prize every second year for outstand-
ing contributions to secondary school 
teaching. This year, Karl Torstein Het-
land, West Telemark Secondary School, 
Norway, was selected “for his leadership 
in national and international school 
networks, in particular the Norwegian 
Energy network”. 

Mr Hetland led various other teaching 
projects in Norway as well, and was the 
Norwegian co-ordinator of a number of 
international projects involving schools 
in Estonia, Latvia and the Czech Repub-
lic, as well as of the Eratosthenes Exper-
iment during the World Year of Physics. 
Mr. Hetland received the award at 
the International Physics Education 

Conference, held together with the Eu-
ropean Physics Education Conference 
on August 5 in Prague, Czech Repub-
lic. The picture shows Mr.Hetland with 
Gorazd Planinsic, chair of the Physics 
Education Division, and Urbaan Titu-
laer, chair of the award committee. This  
article describes the Energy Network, 
for which the prize was awarded. n 
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All final reports from the individual 
networks you will find here. You will 
find a lot of ideas just by looking at the 
pictures in the reports.

Statistics
The total number of schools involved 
in the project, in shorter or longer 
periods, has been 16 upper second-
ary schools, 45 secondary schools 
and 8 primary schools. A total of 223 
teachers and about 25000 students 
have participated. n
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Links
www.naturfagsenteret.no/energinettverket

http://verstasjon.net/verstasjonskart.htm

http://miljolare.no/aktiviteter/by/ressurs/br31/

www.naturfagsenteret.no/c1519048/ 
artikkel/vis.html?tid=2006157&within_ 
tid=1514653

www.statkraft.com

Øystein Fischer was born on 
March 9, 1942 in Bergen, 
Norway. He obtained a Di-

ploma degree in theoretical physics 
at the Swiss Federal Institute of Tech-
nology in Zurich in 1967 and his PhD 
degree in experimental physics at the 
University of Geneva in 1971 where he 
was appointed full professor in 1977.
Øystein Fischer dedicated much of 
his career to studying superconduc-
tors and their applications. In 1975, he 
synthesized the first superconducting 
compounds (Chevrel phases) contain-
ing a regular lattice of magnetic ions 
- a discovery which launched a decade 
of international research concerning 
the interaction between magnetism 
and superconductivity. This research 
culminated in 1984 with his discovery 
of magnetic field induced supercon-
ductivity in these same materials. He 
also initiated a sustained effort grow-
ing the first artificial superlattices of 
HTS cuprates which contributed to 
the now rapidly developing fields of 
oxide thin film heterostructures and 
oxide interface physics.  The last two 
decades of his research mainly focused 
on applying the scanning tunnelling 

microscope (STM) to studying HTS 
materials. This enabled his team to 
observe the vortex cores and the 
pseudo-gap in cuprate high-criti-
cal-temperature superconductors, 
highlighting some of the key differ-
ences between these novel systems 
and classic superconductors.
In addition to his remarkable activities 
in research, Øystein's relentless com-
mitment to physics in Geneva, and 
condensed matter physics in Switzer-
land and internationally was known to 
all. His leadership as MaNEP director 
led to a remarkable development of 
collaborations between scientists in 
academia and with industry.
Committed to promoting Geneva’s 
development, Prof. Fischer initiated 
the Geneva Creativity Center, to stim-
ulate exchanges between the academic 
and industrial sectors and ‘The Centre 
of astronomical, physical and math-
ematical sciences’, one of the leading 
projects of the University of Geneva. 
His vision and the energy he was able 
to put towards causes he championed 
were exceptional.
A very talented and much appreci-
ated teacher, Øystein Fischer trained 
many undergraduates, PhD students 
and postdocs. He received numerous 
awards and distinctions, including 
‘Doctor honoris causa’ from the Uni-
versities of Rennes (1990) and Neu-
châtel (2005); the Gunnar Randers 
Research Award (2005); the endowed 
‘Tage Erlander’ Chair from the Swed-
ish Council for Research (2009) and 
the prestigious Kamerlingh Onnes 
prize (2012). n

Øystein Håkon Fischer
(March 9, 1942 – September 19, 2013)

Prof. Øystein Fischer, Honorary Professor at the 
University of Geneva, initiator and founding Director 
of the Swiss National Center of Competence in 
Research, MaNEP, dedicated to exploring electronic 
materials of the future, passed away on 19 September 
2013 at the age of 71.

http://www.naturfagsenteret.no/energinettverket
http://verstasjon.net/verstasjonskart.htm
http://miljolare.no/aktiviteter/by/ressurs/br31/
http://www.naturfagsenteret.no/c1519048/artikkel/vis.html?tid=2006157&within_tid=1514653
http://www.naturfagsenteret.no/c1519048/artikkel/vis.html?tid=2006157&within_tid=1514653
http://www.naturfagsenteret.no/c1519048/artikkel/vis.html?tid=2006157&within_tid=1514653
http://www.statkraft.com/
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At the castle Knutstorp’s Borg 
in what was once part of 
Denmark, but is now south 

of Sweden, Tycho Brahe was born in 
1546. Sixteen-years-old Brahe began 
to keep a logbook of his own astro-
nomical observations. The 11th No-
vember 1572 Brahe discovered a “new 
star” in the constellation Cassiopeia. 
It was brighter than any other star or 
planet in the sky. The discovery is in 

detail described in his book “De Stella 
Nova”. It was in all probability a type I 
supernova, the explosion of a “white 
dwarf”! The book aroused widespread 
attention and firmly established Bra-
he’s reputation as an astronomer. His 
conclusion that the new heavenly 
body was a star was in conflict with 
the views of space as unchangeable. 
King Frederick of Denmark regard-
ed the impressive young astronomer 

with heightened interest and offered 
Brahe the Hven Island. Frederick also 
offered to pay, out of the royal coffers, 
all expenses for building a suitable res-
idence on Hven and for founding and 
maintaining a research establishment. 
Brahe could not refuse this offer. On 
Hven Brahe built the first completely 
purpose-built observatory in Europe, 
he named it Uraniborg. It was a com-
bination of observatory, chemistry lab 
and living house for students and Bra-
he’s family. Starting the winter of 1577, 
Brahe began to make systematic ob-
servations from Hven. Brahe had his 
own instrument shop at Uraniborg 
and he supervised the manufacture 
closely. After a few years Uraniborg 
was too crowded with students ar-
riving from nearly all over Europe 
and with instruments in use and in 
various stages of construction. Brahe 
therefore decided to build a second 
observatory. It was named Stjerneborg 
and was designed with five great cel-
lars or amphitheaters to house giant 
instruments. Brahe organized it such 
that nearly everything needed could 
be produced on the island, including 
a paper mill and a printing office. The 
observations of the planets continued 

The Hven Island in Øresund, 
The sound between Sweden and Denmark

On the 11th September 2013 a ceremony took place to unveil an EPS Historic Site plaque at the 
place where the world famous astronomer Tycho Brahe during the years 1577 to 1597 made 
his famous observations of the planetary system. The place is on the Hven Island situated in 
Øresund, the sound between Sweden and Denmark. Hven is today part of the municipality of 
Landskrona in Sweden. The work done there played an essential part in shaping our modern 
world picture.  This is the 7th EPS Historic Site ceremony.

. The statue 
of Tycho Brahe 
surrounded 
by ceremony 
attendees at 
Hven Island in 
Øresund, seen 
far away in the 
landscape (photo 
R. Hellborg)

EPS HISTORIC SITES
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nearly daily with unprecedented ac-
curacy until March 1597. This was 
made possible by Brahe’s ingenuity in 
improving astronomical instruments 
and designing new ones. One has to 
remember the telescope had yet to be 
invented. That spring of 1597 Brahe 
and his family left Denmark after a 
dispute with the new king Christian, 
son of Frederick. By the end of 1597 
Brahe, temporary staying in Germany, 
was busy writing a book Astronomiae 
Instauratae Mechanica about his Hven 
instruments. He also worked with his 
star catalogue. Brahe dedicated these 
two volumes as a gift to the Emperor 
Rudolph II of the Holy Roman Em-
pire. This was ruled from the court 
in Prague. Brahe was soon invited to 
Prague and in July 1599 he arrived.
Johannes Kepler living in Graz in 
Austria heard about Brahe’s trium-
phal entry into Prague. Kepler was 
looking for some hint in the geom-
etry of Mars’ movements that was 
responding to a force coming from 
the Sun.  A continuation of Kepler’s 
work seemed to him increasingly 
to depend on being able to consult 
observations that only Brahe could 
provide. Late in 1599 Brahe offered 
a stipendium insisting that Kepler 
must come to Prague. Kepler could 
not withstand this offer. After arriv-
ing in Prague Kepler started using 
Brahe’s Mars observations in an in-
novative way to study Earth’s orbit. 
He found that Earth like the other 
planets speed up as they come near-
er the Sun and slow down as they 
move further away. This was real-
ly a breakthrough. Kepler had - as 
a mathematician - the potential to 
do the analysis. Brahe was the great 
instrument builder and experimen-
talist. Soon Brahe introduced Kepler 
to the Emperor Rudolph and made 
a proposal: Brahe and Kepler would 
compile a new set of astronomical 
tables based on Brahe’s observations. 
With the Emperor’s permission these 
tables would be named the Rudolf-
ine Tables. Only a few weeks after 
the meeting with the Emperor, Bra-
he died. Kepler’s analysis of Brahe’s 

observations led after some years 
Kepler to formulate his three laws 
of planetary motion. Three-quar-
ters of a century later Kepler’s laws 
contributed to Newton’s formulation 
of his laws.
Following Tycho Brahe’s departure 
from Hven, his installations rapid-
ly fell into disrepair and today only 
fragments survive. Extensive sections 
of the ramparts are still to be seen at 
Uraniborg, as well as parts of the foun-
dations of the main building. Smaller 
remains of the observatory crypts of 
Stjerneborg can be seen.
About 45 persons took part in the un-
veil ceremony. It was honored by the 
presence of the Mayor of Landskro-
na, the Rector of the Lund University, 
the president of the Swedish Physical 
Society, the former president of the 
Danish Physical Society and many 
other guests. After the unveiling of 
the plaque set up at the entrance of 
the museum a guided tour to the sites 
of the Uraniborg and Stjerneborg, 

and a visit to the museum – housing 
finds made during excavations of the 
observatory area - took place. After 
transport to a nearby restaurant an 
outstanding lecture on Brahe’s life on 
Hven and his scientific achievement 
was given by Professor John R Chris-
tianson, followed by a presentation of 
the EPS Historic Sites initiative by EPS 
vice-president Luisa Cifarelli. Finally 
a dinner was served before people re-
turned to Landskrona by ferry. n

ll Ragnar Hellborg, 
Department of Physics,  

Lund University

m The Rector of Lund University Per Eriksson and the Vice President of EPS Luisa Cifarelli unveiling the Hven plaque. The text 
on the plaque, in Swedish and English, is: 
European Physical Society – EPS Historic Site, The Observatory of Tycho Brahe 
Here, from 1577 to 1597, the astronomer Tycho Brahe - born in 1546, at Knutstorp Castle, Kågeröd, died in 1601, in Prague - 
made his famous observations of the planetary system. His observatory was the most advanced astronomical research centre 
in Europe. His work, the summit of the period of systematic visual sky observation without telescope, played an essential part 
in shaping our modern knowledge of the world. (Photo Sayed Khatib)

ERRATUM 
The photograph of Saturn and 
Titan published in EPN 44/5, 
p.16 was erroneously attrib-
uted to the Hubble Telescope. 
It was made by NASA's Cassini 
spacecraft on May 6th, 2012. n 

Kepler’s laws 
contributed 
to Newton’s 
formulation 
of his laws
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A
t the beginning, it was pro-
ton and neutron, with a mass 
difference of less than 2 per 

mill. It was natural to assume, with 
Werner Heisenberg [5], that strong in-
teractions were exactly symmetric un-
der p-n transformations – the Isospin  
symmetry – and that the elecromag-
netic interaction was responsible for 
the small mass difference, although the 
neutron heavier than the proton could 
have cast some doubt. The idea was 
supported by the discovery of mesonic 
and baryonic isospin multiplets with 
similar mass differences.
Then came the Eightfold Way [6] 
of Murray Gell-Mann and Yuval 
Ne’eman, a symmetry encompassing 
strange and non strange mesons and 
baryons, and the successful prediction 
of the Ω–. One had to admit, however, 
that “some” part of the strong interac-
tion, with a strenght of about 30 per-
cent of the total, did break the global 
SU(3) symmetry. Quarks brought a 
significant clarification: we could at-
tribute the breaking of the symmetry 
to the unequal values of the up, down 
and strange quark masses, the latter 
being some 150 MeV heavier than 
the former.
One of the reasons why this picture 
was accepted is that, in field theory, 
mass terms have dimension less than 
four, the maximum renormalizable 

dimension. The symmetry breaking 
induced by mass differences does not 
spoil the renormalization properties of 
a theory of quarks and neutral gluons 
[7,8]. The concept of  “partial conser-
vation” of the symmetries associated 
to the global, chiral SU(3)×SU(3) vec-
tor and axial vector currents could be 
introduced and it was the basis of the 

successful Cabibbo theory, unifying 
the beta decays of strange and non 
strange particles [9].
In 1961, Sheldon Glashow [10] pro-
posed a unified gauge theory of the 
weak and electromagnetic interac-
tions, a line of thought initiated by his 
mentor Julian Schwinger. Glashow’s 
theory considered the interactions 
of the electron-neutrino doublet in 
a Yang-Mills theory with a non abe-
lian gauge symmetry and V-A weak 
interactions. The starting point had 
two important consequences.
Extending Schwinger’s work based on 
the group O(3), the gauge group had 
to be SU(2)×U(1), including a fourth, 
neutral, intermediate boson, Z0, in 
addition to the usual charged bosons, 
W±, and the photon. New, neutral cur-
rent weak interactions were predicted, 
mediated by the Z0.
Secondly, the left-handed electron and 
neutrino fields were classified in an 
SU(2) doublet, leaving the right-hand-
ed electron in a singlet. Thus the 
electron mass term, which couples left- 
handed with right-handed electrons, 
had to break the gauge symmetry.
Glashow introduced a symme-
try-breaking mass term for the vector 
fields as well, to account for a mass-
less photon and massive intermediate 
bosons. Assuming electric charge con-
servation, Z and γ are superposition 

The Brout-Englert-Higgs  
mechanism in perspective: 
a comment on the 2013 Nobel Prize in Physics

In 1964, two, almost simultaneous, papers [1,2],  by Robert Brout*  and François Englert 
and by Peter Higgs offered a solution to the clash between vector boson masses and 
renormalizability, paving the way to a predictive unified electroweak theory [3].  
The key concept was spontaneous symmetry breaking, a notion originating from 
condensed matter physics and introduced in particle physics in 1961 by Yoichiro  
Nambu and Giovanni Jona-Lasinio [4]. In this article, I would like to illustrate the role  
of the fundamental  work recognized this year with the Nobel Prize in the perspective  
of the unification of fundamental forces.

* R. Brout was 
born in 1928 
(New York) 
and passed 
away in 2011  
(Bruxelles).

m Peter Higgs  
© PhotoCERN. 

c François 
Englert 
© PhotoCERN.
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by the vector field, a characteristic sig-
nature of the BEH mechanism itself.
Three years later, the BEH mechanism 
was taken by Steven Weinberg [13] 
and Abdus Salam [14], independent-
ly, as a basis for their unified model of 
the electron-neutrino weak and elec-
tromagnetic interactions, using Gla-
show’s SU(2)×U(1) gauge symmetry. 
The scalar field introduced by Wein-
berg and Salam is a SU(2) doublet, 
which has the advantage that it may 
couple the left-handed (νe, e) doublet 
to the right-handed electron (a sin-
glet), so that the VEV of ϕ is able to 
produce a mass for the electron as well. 
As in the BEH case, after elimination 
of the would be Goldstone bosons, one 
is left with a single, neutral, scalar field 
coupled to fermions and gauge fields 
in a characteristic way, proportional to 
their masses. This particle, by an abuse 
of language, is since universally known 
as “the Higgs boson”.
At the end of his paper, Weinberg 
commented on the open problems of 
the theory so far constructed. Is this 
model renormalizable? We usually do 
not expect non-Abelian gauge theories 
to be renormalizable if the vector-me-
son mass is not zero, but our A and B 
mesons get their mass from the spon-
taneous breaking of the symmetry, not 
from a mass term put in at the begin-
ning. Indeed, the model Lagrangian we 

vanishing mass-term for ϕ2, in line 
with the Goldstone theorem. How-
ever, now the would-be Goldstone 
field can be completely eliminated by 
a space-time-dependent gauge trans-
formation and, at the same time, the 
VEV of ϕ1 produces a non-vanishing 
mass term for the vector field.
What has happened is a sort of mir-
acle, since known as the “Brout-Eng-
lert-Higgs mechanism”, whereby two 
paradoxes (a massless vector field and 
a massless Goldstone boson) annihi-
late with each other, to produce the 
desired massive vector field and no 
Goldstone bosons at all! Another way 
to describe the mechanism is to say 
that the would-be Goldstone field, ϕ2, 
has provided the longitudinal compo-
nent needed to promote the massless 
gauge field into a massive spin 1 field. 
The transition massless to massive 
is non-singular, since the number of 
degrees of freedom is unchanged, un-
like the previous case where the mass 
is produced by adding a symmetry- 
breaking term in the Lagrangian. The 
scalar field does not disappear entirely, 
however, in that the field ϕ1 remains 
a physical spin zero field with a mass, 
M, determined by the coupling of the 
original scalar interaction. This field 
is coupled to the vector field in a non 
minimal way, with a coupling propor-
tional to the very same mass acquired 

of the triplet and singlet SU(2)×U(1) 
vector fields, with a mixing angle, θW, 
which determines the structure of 
neutral current processes.
A mass term for gauge vector fields, 
however, has dramatic consequences. 
In the exact symmetry limit, gauge 
fields have only two helicity compo-
nents, like the photon, while the mass 
term provides an helicity zero com-
ponent as well, which, in turn, makes 
more singular the high energy behav-
iour of the vector field propagator. The 
ultraviolet properties of the theory be-
come of the non-renormalizable kind, 
unless the longitudinal component 
decouples. In fact, it has become more 
and more clear, particularly through 
the work of Martin Veltman [11], that 
the massive Yang-Mills theory had to 
be non-renormalizable, unlike mas-
sive QED or the neutral gluon theory.
As an alternative to explicit symme-
try breaking, a spontaneously broken 
symmetry envisages an exactly sym-
metric lagrangian and exactly con-
served currents. In a relativistically 
invariant field theory, the symmetry 
is broken by the non invariance of the 
vacuum state.
For global symmetries, following the 
Nambu and Jona-Lasinio’s paper, the 
situation had been analysed by Gold-
stone [12], resulting in the so-called 
Goldstone theorem that affirms the ex-
istence of a massless spin zero particle 
for each symmetry generator which 
does not leave the vacuum invariant, at 
odds with the notable absence of spin 
zero massless particles in the particle 
spectrum. The work of Brout, Englert 
and Higgs resolved the conundrum 
and marked a crucial turn in the road 
towards the unification of forces.
Starting from the Goldstone example 
of a theory invariant under a U(1) 
global symmetry, based on self-in-
teracting field ϕ = (ϕ1+i ϕ2)/ √

—
2, they 

introduced a massless gauge field 
minimally coupled to ϕ, thereby 
promoting the global symmetry to 
a local gauge symmetry. The sym-
metry is broken by a non-vanishing 
vacuum expectation value (VEV) 
of ϕ1. In this situation, one obtains a 

m Peter Higgs 
and François 
Englert at the 
seminar at 
CERN when the 
discovery was 
announced 
(July 4th 2012). 
© PhotoCERN.
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EPS LIQUID MATTER PRIZE 2014 AWARDED TO PROF. ROBERT EVANS 
The Liquid Matter Prize 2014 of 
the European Physical Society, 
awarded every three years for 
outstanding contributions to 
the science of liquid matter, 
will go to Prof. Robert Evans 
of the University of Bristol, UK.  

The prize will be presented 
at the 9th Liquid Matter Con-
ference, 21-25 July 2014, in 
Lisbon, Portugal. Previous 
awardees were J-P. Hansen 
(2005), H.N.W. Lekkerkerker 
and P.N. Pusey (2008), and Da-
vid Chandler (2011). Prof. Ev-
ans, a world-leading scientist 
in the broad field of statistical 
mechanics of liquids and col-
loidal dispersions, receives the 
prize “for seminal works apply-
ing density functional theory 
to the statistical mechanics of 
liquid matter, including highly 

original and lasting contribu-
tions to understanding inter-
faces and phenomena such as 
criticality, wetting, capillarity, 
and phase transitions of simple 
and complex fluids”.
Bob Evans was born near 
Durham in 1946. He received 
a BSc degree in Mathematical 
Physics from the University 
of Birmingham in 1967, and 
continued his studies at the 
University of Bristol, where 
he obtained a PhD in 1970 
under the supervision of John 
Ziman. Evans has remained 

affiliated to Bristol ever since, 
climbing the academic ranks 
to become H.O. Wills Profes-
sor of Physics. In 2005 he was 
elected Fellow of the Royal So-
ciety. Since 2011 he has been 
Professor Emeritus at the Uni-
versity of Bristol. 
9th Liquid Matter Conference: 
www.fc.ul.pt/en/conferencia/
liquids-2014  n

M.M. Telo da Gama, 
Chair EPS Liquids Board

C. Dellago,  
Chair Prize Committee 

by Claude Bouchiat, John Iliopoulos 
and Philippe Meyer [17] in 1973.
In 1973, with the discovery of asymp-
totic freedom [18] and the proposal af 
a third generation by Makoto Kobayas-
hi and Toshihide Maskawa [19] to 
describe CP violation, the Standard 
Model was essentially completed and 
a season opened of great experimen-
tal discoveries, which have made SM 
into one of the greatest and better 
controlled constructions of modern 
physics: neutral current neutrino pro-
cesses (CERN, 1973), the observation 
of the charm quark (Brookhaven and 
SLAC, 1974), the observation of the 
first particles of the third generation 
with the τ lepton (SLAC, 1976) and 
the b quark (FermiLab, 1976), the W± 
and Z0 bosons (CERN, 1982) and the 
t quark (FermiLab, 1994).
After that, the long Higgs boson 
hunting at LEP, Tevatron and final-
ly at the LHC, where its discovery 
has been announced in July 2012, 
by the international ATLAS and 
CMS collaborations.
We are now looking forward to the 
physics to find beyond the Standard 
Model. n

ll Luciano Maiani, 
E. Fermi Chair, Sapienza  

University of Roma, Roma, Italy

start from is probably renormalizable, 
so the question is whether this renor-
malizability is lost in the reordering 
of the perturbation theory implied by 
our redefinition of the fields. And if this 
model is renormalizable, then what 
happens when we extend it to include 
the couplings of A and B to the hadrons?
Indeed, if one tried to extend the 
theory to the hadrons using the three 
quarks introduced by Gell- Mann 
and the Cabibbo description of the 
weak currents, the exchange of Z0 
would produce strangeness-chang-
ing neutral current processess to 
a level firmly excluded by the then 
available experiments. But in 1970, 
Sheldon Glashow, John Iliopoulos 
and myself [15] showed that the in-
troduction of a fourth quark, coupled 
to the superposition of down and 
strange quarks orthogonal to the 
Cabibbo, would produce, in lowest 
order, only strangeness-conserving 
neutral current processes, in agree-
ment with data.
As for renormalizability of the BEH 
mechanism for a non- Abelian gauge 
theory, a first proof was given in 1972, 
by Gerard ‘t Hooft  and Martinus  
Veltman [16], with the final proof of 
the cancellation of the Adler-Bell-Jack-
iw anomalies among quarks and  
leptons of each generation obtained  
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CONDENSED MATTER 

Hydrodynamics of the fractional  
quantum Hall effect

Many features of the Fractional Quantum Hall effect (FQHE) 
can be understood by considering electrons on the surface of 
semiconductors as a very peculiar, charged, two-dimensional 
fluid in the presence of a strong magnetic field. In this paper 
a classical hydrodynamic model of such a fluid is presented. 
The model incorporates a relation between the vorticity and 
density of the fluid specific for FQHE and exhibits the Hall vis-
cosity and Hall conductivity found in FQHE liquids. The relation 
of the model to previous effective models such as the Chern–
Simons–Ginzburg– Landau theory of FQHE is explained. It is 
also shown how the Laughlin’s wavefunction is annihilated by 
the quantum velocity operator. n

ll A.G. Abanov, 
‘On the effective hydrodynamics of the fractional quan-
tum Hall effect’, J. Phys. A: Math. Theor. 46, 292001 (2013)

OPTICS 

A multi-object  
spectral imaging instrument

Imaging spectrometers acquire three-dimensional spectral data 
cubes (x, y, λ) to enable chemical imaging in fields ranging from 
microscopy and biomedicine to remote sensing.  Traditional 
systems, employing time-sequential recording of the complete 
data cube, cannot record time-varying phenomena and are 

optically highly inefficient.  Our technique enables spectra to 
be recorded in real time from a programmable sparse array of 
spots within a microscope sample. Real-time computer-con-
trolled manipulation of the spot array enables tracking and vid-
eo-rate spectroscopy of these points with the very high optical 
efficiency. This is achieved with a digital micro-mirror device 
(DMD) that deflects light from the sparse multiple points in the 
sample into a slitless spectrometer consisting of a dispersive 
prism and CCD camera. We demonstrate real-time spectra of 
multiple fluorescent microbeads in aqueous solution as they 
diffuse in the sample. n

ll G.M. Gibson, M. Dienerowitz, P.A. Kelleher,  
A.R. Harvey and M.J. Padgett, 
‘A multi-object spectral Imaging Instrument’, J. Opt. 15, 
085302 (2013)

NUCLEAR PHYSICS

X-rays emitted in neutron-
induced fission of 238U(n,f)

Prompt x-rays emitted in neutron-induced fission help unveil 
the evolution of fission fragment charge yields as a function of 
incident neutron energy.

Nuclear fission is accompanied by the prompt emission of neu-
trons, gamma rays and x-rays. It has been known since the sixties 
that fission prompt x-rays originate essentially as a consequence 
of the internal conversions occurring in the prompt gamma 
deexcitation cascades of fission fragments.
This work presents for the first time a measurement of the 
prompt fission x-ray yields in 238U(n,f ) for average incident 
neutron energies ranging from 3 to 200 MeV. Fission frag-
ment charge distributions are derived from the measured 
x-ray yields using x-ray emission probabilities per fragment 
obtained in an earlier work on low energy fission. The results 
are found to be in a remarkable agreement with the Wahl 

Highlights from European journals

. Fluorescent microbeads are tracked using a camera.  A series of slits displayed 
on a DMD deflect light into a spectrometer and are updated to follow the 
microbeads.  Spectra are obtained in real time from a CCD image of the slits after 
dispersion from a prism.

m Charge distribution determined from the x-ray yield measurements (symbols) 
for different incident neutron intervals. For more detail see text.
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CONDENSED MATTER 

Universality in the symmetric  
exclusion process

A system connected to two sources of heat or particles reaches, 
in the long time limit, a non-equilibrium steady state character-
ized by a non-vanishing and fluctuating current.  Its study is an 
active topic in both classical and quantum systems. A relevant 
observable is the number Qt of particles flowing through the 
system during a time t. It can be calculated for simple models 
such as the symmetric simple exclusion process (SSEP), which 
describes two reservoirs at fixed densities connected by an 
L-site chain on which particles diffuse with a same site hard 
core repulsion. The corresponding cumulants of Qt are exactly 
known in one dimension and they coincide with those com-
puted for the transport of free fermions through a mesoscopic 
conductor. We have generalized these results to arbitrary large 
but finite d-dimensional domains or graphs. Our numerical 
results indicate that, for large enough lattices and contacts to 
the reservoirs, the ratios of the cumulants of Qt take universal 
values, independent of the domain dimension and shape. n

ll E. Akkermans, T. Bodineau, B. Derrida and 
O. Shpielberg,
‘Universal current fluctuations in the symmetric exclusion 
process and other diffusive systems’, EPL 103, 20001 (2013)

QUANTUM PHYSICS

Copenhagen interpretation  
as an emergent phenomenon

This work shows that a successful interpretation of quantum 
mechanics can be seen to emerge by taking the actual, or inter-
nal, states of a sub-system to correspond to one of the eigenvec-
tors of its reduced density matrix. Previous work has highlighted 
serious objections to such a modal type interpretation because 
it apparently leads to macroscopic superpositions and physical-
ly unacceptable instabilities near degeneracies. We show that 
both these problems are solved if the sub-system consists of a 
large number of coarse-grained degrees of freedom which is 
natural as real measuring devices have both finite spatial and 

phenomenological systematics for fission product yields, as 
well as with the more sophisticated GEF fission model. More 
detailed comparisons demonstrate that x-ray emission evo-
lution with increasing incident neutron energy tends to be 
dominated by the transition towards lighter fragments which 
on average are closer to closed-shell nuclei and are thus less 
subject to internal conversion. n

ll T. Granier, R.O. Nelson, T. Ethvignot, M. Devlin,  
N. Fotiades, P.E. Garrett and W. Younes, 
‘Measurement of prompt X-rays in 238U(n,f ) from  
threshold to 400MeV’, Eur. Phys. J. A 49, 114 (2013)

ATOMIC AND MOLECULAR PHYSICS

Electron wave packet 
after tunnel ionization 

The dynamics of electron ionization are an important topic in 
attosecond science. Applying a strong laser pulse, electrons can 
quantum mechanically tunnel through the potential barrier 
created by the combined Coulomb field of the atom and the 
laser field. At the tunnel exit, it is commonly assumed that the 
electron velocity parallel to the electric field is zero, contrary to 
the well-described distribution of transverse momenta.

After ionization, elec-
trons propagate in the 
remainder of the laser 
pulse, where they ac-
quire a momentum 
spread due to the dif-
ferent phases of the 
field at their individual 
exit time. However, the 
longitudinal momen-
tum spread measured 
in experiments on he-
lium is considerably 
larger than that.

Monte Carlo simulations with zero initial longitudinal momen-
tum agree with the theoretical predictions of acquired spread, 
while simulations that include a longitudinal momentum 
spread at the tunnel exit are compatible with experimental 
data.  The authors introduced a new method to investigate elec-
tron velocity spreads after ionization.  Applying this method 
to experimental data leads to a more accurate reconstruction 
of the electron wave packet immediately after tunnelling. n

ll C. Hofmann, A.S. Landsman, C. Cirelli, A.N. Pfeiffer 
and U. Keller, 
‘Comparison of different approaches to the longitudinal 
momentum spread after tunnel ionization’, J. Phys. B: At. 
Mol. Opt. Phys. 46, 125601 (2013)

m Coulomb potential tilted by the laser field. More 
accurate theoretical descriptions are necessary to 
account for the longitudinal spread.

c The diagram 
illustrates the 
effectiveness of 
coarse graining 
on two particular 
external states 
as decoherence 
proceeds. The final 
states at the top are 
suitably localised.
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BIOPHYSICS

Magnetic hyperthermia 
for tumour reduction 

Magnetic hyperthermia is the process by which cycling magnet-
ic nanoparticles in an alternating magnetic field leads to heat 
dissipation. It is a very attractive approach for the treatment of 
cancer because it generates no side effects unlike more con-
ventional therapies such as radiotherapy or chemotherapy. The 
development of this therapy has been hampered by the lack 
of a clear understanding of the physical mechanisms leading 
to heat generation. At the present time it is not possible for 
clinicians to be given details of the dosage and field conditions 
required for a given therapeutic outcome.

There are three mechanisms by which exposing magnetic na-
noparticles to a cycling field can generate heat: susceptibility 
loss, hysteresis loss and viscous heating. We have found that 
these mechanisms are highly particle size dependent as shown 
schematically in the figure and will also depend upon the de-
gree of aggregation of the particles. In experiments of magnetic 
nanoparticles of different sizes dispersed in solvents of varying 
viscosities, hysteresis heating has been shown to be the domi-
nant mechanism. Although the contribution arising from viscous 
heating is significant its effects are uncontrollable and will not 
occur in vivo due to the high viscosity of tumour tissue. n

ll G. Vallejo-Fernandez, O. Whear, A.G. Roca, S. Hussain, 
J. Timmis, V. Patel and K. O’Grady, 
‘Mechanisms of hyperthermia in magnetic nanoparticles’, 
J. Phys. D: Appl. Phys. 46, 312001 (2013)

PLASMA PHYSICS

Pulsating dust cloud  
dynamics modelled

New research outlines a new design of spatio-temporal models 
of astrophysical plasmas.
It is the collapse of dense molecular clouds under their own 
weight that offers the best sites of star formation. In the 

temporal resolution. What results is an interpretation in which 
both decoherence and coarse graining play key roles and from 
which the rules of the Copenhagen Interpretation are seen to 
emerge in realistic situations. In this interpretation a measure-
ment process is smooth but results in internal states that cor-
respond to the distinct outcomes one expects. Previous work 
has suggested that the internal states of a device measuring the 
position of a particle would be spread out macroscopically. n

ll T. J. Hollowood, 
‘The Copenhagen interpretation as an emergent phe-
nomenon’, J. Phys. A: Math. Theor. 46, 325302 (2013)

APPLIED PHYSICS

Multilayer Memristive/ 
Memcapacitive Devices

Memristive devices are reshaping computing paradigms as one 
of the leading candidates for the future of computer memory. 
In conventional memristors, metallic filaments form and extend 
stochastically under applied electrical bias, producing a highly 
non-uniform con-
duction front. This 
produces devices 
with large varia-
tions in electrical 
properties that are 
difficult to tune.
Here, we intro-
duce and simulate 
a specialized mul-
ti-layered device 
struc ture with 
alternating ionic 
conductor layers 
that enables the 
development of a 
quasi-uniform con-
duction front. This 
reduces catastrophic switching (Fig.) in which devices rapidly 
exit the linear-tuning region and switch state. In our simula-
tions of a single layer memristor, the majority of the resistance 
change during a switching event occurs catastrophically, while 
in the multilayer device the majority of switching occurs in the 
linear tuning region. This ability to fine-tune switching events 
in devices is an important property for multi-bit memory and 
neuromorphic computing applications. n

ll P.R. Mickel and C.D. James, 
‘Multilayer Memristive/Memcapacitive devices with  
engineered conduction fronts’, Eur. Phys. J. Appl. Phys. 62, 
30102 (2013)

b Schematic 
diagram 
of the 
mechanisms 
leading 
to heat 
dissipation 
in magnetic 
nano-
particles.

. Device 1 is the conventional memristor 
design: electrodes are separated by a single 
ionic conductor insulator. Device 2 utilizes the 
multi-layer design, which forms a quasi-uniform 
conduction front. The simulated resistive 
switching of the multilayer memristor occurs 
largely within the linear regions where tuning 
can occur.
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manipulation of macrostructures, such as biological proteins, 
with greater precision than with optical tweezers. 
The authors used high-density green photon beams (HDGP) 
capable of inducing a polarisation effect within complex 
macrostructures. They found that the effect of the beam 
leads to ‘biological optical matter’. This includes newly-or-
ganised material structures, such as molecular aggregates 
and micro-particles, and can feature new characteristics 
such as antioxidant properties. The authors realised that 
this approach covers a larger area than focused tweezers 
and is capable of organising mesoscopic matter into a new 
3D molecular architecture. n

ll S. Comorosan, S. Polosan, I. Popescu, I. Stamatin,  
E. Ionescu, S. Avramescu, L. Cristian Cune and M. Apostol, 
‘Optical manipulation of complex molecular systems by 
high density green photons: experimental and theoretical 
evidence’, Eur. Phys. J. B 86, 232 (2013)

APPLIED PHYSICS

Antimony variations in  
GaAs/GaAsSb nanowires

Semiconductor nanowires have attracted huge attention recently 
due to their unique and often superior properties compared to bulk 
or planar counterparts. Complex heterostructures can be made 
and several nanowire-based devices (e.g. solar cells) have been re-
alized. GaAsSb is an interesting ternary compound semiconduc-
tor because of its tunable bandgap and the possibility for both 
type I and type II band alignment with GaAs. In the present study 
20-80 nm long zinc blende GaAsSb segments in wurtzite GaAs 
bare-core and GaAs/AlGaAs core-shell nanowires were studied. 

The work established the presence of both axial and radial com-
positional variations in the GaAsSb segments and their effect on 
the optical properties of these nanowires. The Sb concentration 
profiles within the inserts were determined using energy disper-
sive X-ray spectroscopy and quantitative scanning transmission 
electron microscopy and related directly to micro-photolumines-
cence measurements for the same single nanowires. The results 
of the article are relevant for further growth optimization and 

present work, the authors have proposed a new model for 
investigating molecular clouds fluctuations at sites of star for-
mation and thus study their pulsational dynamics. They study 
the pulsating dynamics of inhomogeneous molecular clouds 
that periodically undergo both self-gravitational contraction 
due to the weight of the massive dust grains, and electrostatic 
expansion resulting from the interaction of dust grains of the 
same electric charge.
They designed a model for investigating the cloud fluctuations 
with charge-varying grains, as a function of weight and charge 
interaction (referred to as nonlinear gravito-electrostatic cou-
pling). They then carried out a detailed shape analysis to char-
acterize these clouds on the astrophysical scale. n

ll P. K. Karmakar and B. Borah, 
‘Nonlinear Pulsational Eigenmodes of a Planar Collisional 
Dust Molecular Cloud with Grain-charge Fluctuation’, Eur. 
Phys. J. D 67, 187 (2013)

ATOMIC AND MOLECULAR PHYSICS

Green photon beams 
more agile than optical tweezers

A new manipulation tool exploits the fact that when light in-
teracts with matter, it creates a force that produces material 

properties in macromolecules 
and biological cells.
Romanian scientists have dis-
covered a novel approach for 
the optical manipulation of 
macromolecules. The authors 
had the idea to use green 
photon beams. With them, it 
is possible to perform optical 

b Schematic band 
diagram of a zinc blende 
GaAsSb insert in a 
wurtzite GaAs nanowire. 
The model is based 
on the structural and 
compositional analysis 
by scanning transmission 
electron microscopy and 
optical characterization 
by micro-
photoluminescence. 

m Different phases of a self-gravitational potential.

(D)

m Charge-density computation  
of butane molecules.
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the autocorrelation function of a quantum state constructed 
in the neighborhood of the periodic orbit (resonance). Finally, 
we compare the quantum and semiclassical autocorrelation 
up to the Heisenberg time, finding a relative error of the order 
of the Planck constant. n

ll E.G. Vergini,  
‘Semiclassical propagation up to the Heisenberg time’,  
EPL 103, 20003 (2013)

ATOMIC AND MOLECULAR PHYSICS 

Atom-based analogues 
to electronic devices 

New research gives a theoretical explanation as to how trans-
port of single atoms that may be applied to optical lattices is 
made possible through a chain of quantum dots.  

The authors have pushed back the boundaries of atom-based 
transport, creating a current by characterising the many-body 
effects in the transport of the atoms along a periodic lattice. This 
work has adopted a new analytical approach before comparing 
it to approximate numerical simulations, and is reported in the 
present paper.
Ultra-cold atoms trapped in optical potentials offer solutions for 
the transport of particles capable of producing a current. In this 
study, the authors extended previous single-atoms transport 
approaches to a model reflecting the many-body setting of 
bosonic atoms transport. Their challenge was to develop an 
analytical approach that allows particles to jump in and out 
and therefore produce a controlled current through the sample 
under study. They used a chain of quantum dots coupled to two 
bosonic reservoirs that keep the system far from equilibrium. n

ll G. Ivanov, G. Kordas, A. Komnik and S. Wimberger, 
‘Bosonic transport through a chain of quantum dots’,  
Eur. Phys. J. B 86, 345 (2013)

tailoring of the optical properties of GaAs/GaAsSb heterostruc-
tured nanowires. n

ll J. Todorovic, H. Kauko, L. Ahtapodov, A.F. Moses,  
P. Olk, D.L. Dheeraj, B.O. Fimland, H. Weman  
and A.T.J. van Helvoort, 
‘The effects of Sb concentration variation on the optical 
properties of GaAsSb/GaAs heterostructured nanowires’, 
Semicond. Sci. Technol. 28, 115004 (2013)

FIELD THEORY

Semiclassical propagation  
up to the Heisenberg time

Semiclassical propagation of waves is a fruitful approach to 
understand and evaluate a wide set of physical processes. This 
is performed by associating quantum states with Lagrangian 
manifolds in phase space, and the propagation is accomplished 
by the evolution of manifolds. However, long time propagation 
in Hamiltonian systems with chaotic dynamics is a longstanding 
unsolved problem; the reason being that Lagrangian manifolds 
evolve into very complex objects.
Recently, we have shown that by using the stable and unsta-
ble manifolds of periodic orbits, the propagation is simplified 
enormously. For this reason, in this paper we study in detail the 
manifolds of a periodic orbit of the hyperbola billiard, finding 
that they are organized by a simple tree structure. Then, we 
compute a complete set of homoclinic orbits (resulting from 
the intersection of the manifolds), which is required to evaluate 

m Spectral functions of the first (left panel) and the second (right panel) quantum dot.
. Long time propagation of a resonance in the hyperbola billiard.  The Ehrenfest 
time is 2.2, and the Heisenberg time is 35.3.
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T
he various technologies employed in the Com-
pact Disc (CD) player, including laser optics, 
a-spherical lenses, digital signal processing, 
integrated circuitry, nano-scale injection 

molding are truly revolutionary by itself. Interestingly, 
the basic idea to write and read information to and from 
a disc by optical means was not new, as can be seen in 
Fig 1 taken from a 1931 article published in Funkschau. 
The pictures are not very clear, as would have been the 
signal produced for being limited by noise, preventing 
practical implementation of this reflective disc. Never-
theless, the transmission version of this scheme has been 
successfully employed in reading the sound track of the 
first ‘speaking pictures’. 

The optical scheme of the Compact Disc player is very 
similar to the one published in Funkschau, see Figure 2. 
However, the devil is in the detail. In a CD player, the 
light source is a laser, i.e., a real point source. So, in case 
of perfect optics, the read-out spot, which is the image 
of the point source on the disc, is of minimum, diffrac-
tion limited size. In formula, D = λ/NA, with D the spot 
diameter, λ the laser wave length, and NA the numerical 
aperture of the objective lens (NA equals the refractive 
index n times the sine of the convergence angle α). 
The Compact Disc itself looks quite different from the 
1931 example. The audio signal is digitally coded instead 
of stored as the audio wave itself. The signal is not derived 
from reflectivity variations in a photographic material 

AN EYE-WITNESS REPORT ON 
HOW THE CD CAME ABOUT
ll Jacques Heemskerk – former Philips employee – jpj@famheemskerk.nl – DOI: 10.1051/epn/2013601

The Compact Disc was a smashing success. It pushed the traditional 45 and 33 RPM 
vinyl records off the market in an astonishingly short period of time. But the struggle 
to develop the CD and to get it on the market was just as fascinating.

m © iStockPhoto

mailto:jpj%40famheemskerk.nl?subject=Europhysics%20news%20article
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but from a relief pattern, a succession of ‘pits’ and ‘lands’. 
Digital coding means that the audio signal has under-
gone a series of processing steps: first, the audio signal is 
transformed into 16-bit samples; second, parity bits are 
added (for error detection and correction); and third, the 
bit train is transformed into an information track on the 
disc, consisting of pits and lands of discrete lengths of 3, 
4, … ,11 units, where one unit corresponds to 0.3 μm on 
the disc. The bit rate and bit density are constant. This 
means that the scanning speed is constant (1.3 m/s), and 
that the angular frequency of the disc gradually decreases 
during play-back (the reading head is moving from inside 
to outside of the disc).

Two companies, two cultures
In this brief history, I should like to share my personal 
experience of CD development. Such experience often 
makes innovation real fun. I myself became involved in 
CD development in 1979, directly after Philips gave its 
first public demonstration of a CD prototype player and 
after Philips had toured Japan in search of allies to join 

into the development of the CD as a successor of the LP 
record. Sony was the company that responded most ea-
gerly to this invitation, and Philips and Sony agreed on a 
joint development of a miniature-sized digital audio disc. 
The two companies realized that a common format would 
be necessary to convince the other Consumer Electronics 
companies to join at a later stage. As an optical engineer, 
I was present at all meetings between Sony and Philips 
to forge a common format.
I remember our first technical meeting very well. Man-
agement had instructed us to be completely open: “one 
cannot blow with one’s mouth shut”. However, we as sci-
entists and engineers, knew very well how much effort 
it had cost us to achieve a reliable prototype and – as is 
often the case amongst engineers – we doubted wheth-
er our management really knew what they were doing. 
The more so, because Japan at that time was in a similar 
position as China is today: its industry was growing fast 
and it was changing from a low-cost producer into a high-
tech competitor. So, at that first meeting, mistrust was the 
overriding emotion at our side. Later, I heard from my 
Japanese counterparts that they had similar reservations 
about the wisdom of their own management. 
Looking back, I think our first meeting actually went 
pretty well, although we did not achieve very much in 
technical terms: we made a good start in team build-
ing with engineers that belonged not only to a different 
company, but also to a different culture. We succeeded in 
doing so at a time (1979) when the world was certainly 
not ‘globalized’. Initially, I felt as if those guys came from 
another planet. Indeed, they came from ‘the Far East’. 
Soon however, we discovered that engineers are pretty 
much the same all over the world, with similar emotions: 
proud of their expertise, sincere about their problems, 
eager to explain their own solutions, and willing to learn 
and to appreciate the solutions of others. Soon, we found 
a way of working together that turned out to be very 
effective: we challenged each other’s assumptions, and 
we agreed that we should not accept technical proposals 
out of politeness or kindness: we accepted only the best 
solutions, based on data, not on theories.
We quickly established a pattern of regular 2- or 3-month-
ly meetings, either in Japan or in Holland, and within 2 
years we reached a complete agreement on the format that 
is now called the CD. The problem we had to solve was 
rather straightforward: find the best solution in reliability 
and information density for a small digital, read-only disc. 
The technical solution was less straightforward: while we 
both had developed our prototypes step-by-step, when 
reconsidering our solutions we realized that every new 
choice was leading to another new issue. Obviously, the 
most direct solution to increase information density is 
to increase the NA, and to reduce the wave length of the 
optics. However, as Fig 3 shows, the disc substrate is part 
of the objective lens, so any variation in thickness d will 

c FIG. 2: Optical 
scheme of the 

Compact Disc player

m FIG. 1: Original 1931 figures, showing the idea behind the reflective audio disc recorder. Left: Recording 
method. Lamp light is focused onto a small spot on the disc where the spot size is determined by the 
pinhole just above the information plane. A Kerr cell is placed in the optical path between two crossed 
polarizers. By applying a voltage across the Kerr cell generated by the audio signal, the intensity of the 
light spot on the disc is modulated and the audio signal is recorded onto the photographic material. 
Right: Reading set up. The lower part of the panel shows the details of the detector geometry. The spot 
size is limited by a pinhole. Variations in local reflectivity are measured by a ring-shaped detector, in 
this case a photoelectric Selenium detector.
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level of the audio samples. Philips’ priority was a small 
disc, fitting not only in Hifi decks, but also in mobile 
applications like the automobile and the so-called ghetto 
blasters. These markets were much larger than the sta-
tionary Hifi market. With a small disc of about half an 
hour playing time in mind, Philips wanted to limit the 
number of bits per sample to 14 bits. Sony was adamant 
in achieving perfect Audio Quality. I remember that in 
one of our meetings Toshi Doi tried to convince us of 
the necessity to choose 16 bit quantization. He did so 
by recording soft triangle music at both 14 bit and at 16 
bit resolution: we were supposed to hear the difference. 
Frankly speaking, none of us heard any difference at all, 
but Sony’s message was loud and clear: the new format 
must not compromise on sound quality!
We had settled on a 11.5 cm diameter disc, until Sony’s 
president, Mr Ohga, — a former opera singer — put a new 
requirement on the table: the playing time had to be 74 
minutes. This new requirement came out of the blue for 
all of us. In earlier meetings, we had worked on the basis 
of a maximum playing time requirement of one hour. 
What we did not know was that Ohga had promised his 
conductor friend Herbert van Karajan that his version 
of Beethoven’s Ninth Symphony would fit on one CD 
only. No discussion was possible: at the highest level, a 

cause spherical aberration (∆d×NA⁴⁄ λ), and any tilt angle 
will cause coma ( ε×d×NA³⁄ λ) with ∆d the thickness 
deviation, and with ε the tilt angle of the disc substrate. 
Because of the strong dependence on NA, a small increase 
in NA directly results in more stringent disc tolerances. 
As a result, we had very tough discussions about realistic 
disc tolerances, because we had only a few preliminary 
disc samples available of rather uncertain quality. In the 
end, we agreed on NA= 0.45, but with strong reservations 
on both sides, especially from our media engineers.
On the selection of wave length a similar problem ensued. 
The only diode lasers available at the time were prototype 
samples designed for fiber communication, operating at a 
wave length of 820 nm. Pressed by the need for the high-
est data capacity, we decided to agree on 780 nm as the 
wave length for CD, a decision that was based on a very 
limited number of 780 nm laser prototypes. During our 
joint experiments on the bits/mm² attainable, lots of test 
discs with different land/pit sequences were exchanged. In 
a quick succession of meetings between the Philips and 
Sony engineers, we improved each time on our previous 
results in information density and detection robustness. 
In the end, we concluded that for maximum information 
density, pits and lands had to have a minimum length of 
3 units with one unit as quantization size. We also found 
that it was absolutely necessary to choose a ‘channel code’ 
where pits and lands were evenly distributed over the 
disc. Only in that case, we would be able to filter away the 
effects of severe scratches and fingerprints on the disc.
In a similar way we confronted each other with different 
Error Correction schemes. Error correction is an integral 
part of any digital storage of communication system. Usu-
ally, a trade-off must be made between three parameters: 
correction performance, the relative number of parity bits, 
and cost. In line with our different initial target markets, 
also here Sony and Philips had different priorities. Sony 
was pushing for the most powerful scheme, while Philips 
was very critical on cost. Depending on the algorithm, a 
balance had to be struck between correction capability 
for large defects – like scratches and fingerprints – and 
small ones, such as random errors like noise. Because the 
two companies used discs and players that were still very 
much under development, we had to assess what level 
of quality could be achieved later in mass production. 
A lot of guess work! In the end we agreed on a scheme 
that combined good correction of large disc errors with 
a limited RAM size, using a structure with continuous 
data input and output, instead of the conventional block 
structure. This is a solution that works well for a contin-
uous data stream like Audio, practical at a time when 
memory space was scarce.

Fixing sizes
I remember tough discussions taking place between our 
two companies on the parameters for the quantization 

m FIG. 3: Details of the 
CD surface structure

b FIG. 4: The center 
hole in the CD: a 
Dutch 10 cents coin
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This history may sound as work only; in actual fact, we 
enjoyed the drinking parties in the evenings just as well. 
Yet, we worked very hard indeed: many times the target 
for next round of testing was felt as impossible to meet. 
And often, when proudly showing our hottest Philips 
data, it turned out that also Sony had met the impossible 
dead line, sometimes during the night before: it was a 
neck-and-neck race.
One of the last discussion points was the center-hole di-
ameter. This time, we agreed within a few minutes. Our 
project leader, Joop Sinjou, put a tiny Dutch 10 cents coin 
on the table and said: why not? Indeed: why not, so we 
agreed on a center hole of a Dutch 10 cents coin, i.e., 15 
mm diameter (Fig 4).
In June 1980, the two development teams agreed on the 
specification of Compact Disc. Fig 5 shows the two teams 
at that decisive meeting.
The history of CD did not end by finalizing the format: 
actually that is where its history started. Therefore, I want 
to share also some of my memories on the product in-
troduction of the CD. 
A highlight for me was the Tokyo Audio Fair of 1982. 
Suddenly all Consumer Electronics companies presented 
their first CD players. During that Fair, I met many prod-
uct engineers. They were all very proud to show the first 
CD player of their company. Their enthusiasm created a 
great feeling in all of us being part of a major innovation. 
And certainly, as a Philips engineer, I could be proud of 
our first CD player: the smallest one at the show! And 
with very simple and logical control and display. In one 
word: a beauty (Fig 6).
When I saw the first CD player in the shop at my own 
little home town I felt proud. I remember what I said, with 
some exaggeration, to my 11-year-old daughter: Look, 
this is what daddy invented! But she was not impressed, 
which taught me another lesson: There is more to life 
than the CD. n

About the author
After earning his PhD in Physics from 
Leiden University in 1973, Jacques 
Heemskerk joined Philips Research in 
Eindhoven, where he worked on vari-
ous optical problems. When, in 1979, a 
development laboratory was established 

for the Compact Disc, he joined as optical group leader. 
Later he became head of the laboratory, head of the opti-
cal predevelopment of Philips Consumer Electronics, and 
responsible for the physical part of the standardization of 
DVD and Blu-ray. He received the Japan Audio Society 
award for his contribution to CD development, the Na-
kajima award for CD-R, and he has been honored with a 
Knighthood in the ‘Orde van de Nederlandse Leeuw’ for 
his contributions to industry and optical disc technology. 
He holds more than 180 patents for over 50 inventions.

promise is a promise. One also has to bear in mind that, 
after Hiroshima and Nagasaki, the 9th Symphony choral 
‘Alle Menschen werden Brüder’ had become an important 
musical symbol in Japan.
Polygram, the music company of Philips, was shocked 
by this new requirement. Contrary to Ohga, Polygram 
wanted a rather limited playing time. The argument was 
that no music group would be able to regularly produce 
albums with playing time much in excess of existing LP’s 
40 minute playing time. Eventually, a political compro-
mise was reached at an actual playing time of 74 min-
utes on the disc, while the Red Book Standard defined a 
playing time of 60 minutes only. Not often a new format 
formally denied its higher storage performance!
An unfortunate consequence of the playing time require-
ment was the disc size: it grew from 11.5 cm to 12 cm 
diameter. This last-minute change caused real problems. 
With great difficulty, I had convinced our media engineers 
to accept the critical specification on disc flatness based on 
an 11.5 cm disc size. I had no choice, so I told them they had 
no choice. In hindsight, I think we were too conservative, 
we could have maintained the 11.5 cm disc size, whilst 
squeezing the data density on the disc a bit more. However, 
at the time, only one trial run of one thousand discs from 
one ‘stamper’ was available, so we had no real information 
on mass production quality of discs.

m FIG. 5: The Philips 
and Sony teams at 
the final, decisive 

meeting (June 
1980). The author 

is at the far left

. FIG. 6: The first  
commercial Philips 

CD player
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C
limate science is a sprawling, multi-discipli-
nary field incorporating radiative physics, at-
mospheric chemistry, meteorology, geology 
and many other fields. As with any area of 

science, different aspects are understood to varying de-
grees. Cutting-edge areas of climate research include the 
role of aerosols in cloud formation, or the role of ocean 
mixing in exchanging heat between the atmosphere and 
the deep ocean. 
One area of climate change well understood for decades 
is the fundamental fact that humans are causing global 
warming.  The mechanism driving the greenhouse effect 
was first identified in the 1850s, when John Tyndall ran 
laboratory experiments measuring the absorption of 
infrared radiation by certain gases. These included car-
bon dioxide, water vapour and methane, now known as 
greenhouse gases for their ability to trap heat.
Tyndall also described distinctive patterns associated 
with greenhouse warming. If increased greenhouse 
gases were causing global warming, Tyndall expected 
that nights would warm faster than days and winters 
warm faster than summers. 160 years ago later, Tyn-
dall’s predictions have been fulfilled. The greenhouse 
signatures anticipated in the daily and annual cycle have 
been observed. 
In fact, a number of “human fingerprints” associated 
with greenhouse warming have been observed (see 
Figure 1). As increased greenhouse gases absorb more 
infrared radiation, satellites have observed less heat 
escaping to space. This should cause more infrared ra-
diation to return to the Earth’s surface, which surface 
measurements of downward radiation have confirmed. 
Another tell-tale human fingerprint is a cooling strat-
osphere (upper atmosphere) while the troposphere 
(lower atmosphere) warms.

The strengthening consensus  
on human-caused global warming
As empirical evidence for human-caused global warming 
accumulated, agreement among the scientific community 
strengthened. The seminal work measuring the scientific 
consensus on climate change was Naomi Oreskes’ 2004 
analysis of peer-reviewed papers, published from 1993 to 
2003, on the topic of ‘global climate change’ [1]. Among 
928 climate papers, the number rejecting human-caused 
global warming totalled zero. 
A 2009 survey of Earth scientists found that the higher 
a scientist’s expertise in climate science, the more likely 
they were to endorse the consensus [2]. Among actively 
publishing climate scientists, they found 97% agreement. 
Interestingly, the group of scientists showing highest scep-
ticism about climate change were economic geologists. 
Nearly every reputable, relevant scientific organisation in 
the world, including the National Academies of Science 
from 33 different countries, has issued statements en-
dorsing human-caused global warming. This isn’t to say 
the consensus is unanimous. One dissenting organisation 
is the American Association of Petroleum Geologists.
The Intergovernmental Panel on Climate Change (IPCC) 
is widely regarded as the most authoritative source of 
information on climate change. The IPCC has issued a 
series of increasingly definitive statements on the hu-
man role in recent climate change. Their language has 
evolved from the tenuous “the balance of evidence sug-
gests that there is a discernible human influence on global 
climate change” in 1996 to recent global warming being  
“…very likely due to the observed increase in anthropo-
genic greenhouse gas concentrations” in 2007. The lat-
est IPCC report released in 2013 upgraded “very likely”  
(more than 90% probability) to “extremely likely” (more 
than 95% probability).

The two-decade attack  
on scientific consensus
As scientific consensus strengthened, efforts to confuse the 
public about the level of agreement in the scientific com-
munity intensified as documented in Figure 2). The misin-
formation campaign originated from opponents of climate 
action who rather than propose alternative policy solutions 
to climate change instead opted to attack the science.
A key strategy was (and still is) creating the illusion of on-
going debate by magnifying the voices of a few dissenting 
scientists. This strategy dates back to 1991, when Western 
Fuels Association spent over half a million dollars on a 
campaign designed to “reposition global warming as the-
ory (not fact).” Their approach was to promote the views 
of a handful of scientific spokesmen, giving the impression 
of a 50:50 debate among the climate science community.
Another common technique is the promotion of “fake ex-
perts”, using spokespeople unqualified in climate research. 
The most prominent example of the fake expert strategy 

    

. FIG 1:  
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indicators of 
anthropogenic  

global warming.  
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endorsements of the consensus position [8]. For example, 
you don’t often see new physics papers reaffirming the 
validity of Einstein’s theory of relativity. We found that 
over the 21 year period, the percentage of abstracts stating 
a position on human-caused global warming decreased. 
Fewer papers bothered to endorse the consensus position 
in their abstract. At the same time, among abstracts stat-
ing a position, the percentage endorsing the consensus 
increased. This pattern fulfilled Oreskes’ prediction. 
An important aspect of scientific research is replication. 
To independently check our abstract ratings, we emailed 
the scientists who authored the papers, asking them to 
rate the level of endorsement of their own research. Ex-
actly 1,200 scientists responded, resulting in over 2,000 
papers receiving a rating from the papers’ authors. Among 
the papers that were self-rated as expressing a position 
on human-caused global warming, there was a 97.2% 
consensus. According to the actual scientists conducting 
the research, there is an overwhelming and strengthening 
consensus (see Figure 4).
Closing the consensus gap was never going to be easy. 
To further complicate matters, public perception of con-
sensus is strongly associated with political ideology. The 
more conservative one’s political views, the lower the 
perceived consensus. However, even liberals think the 
consensus is only around 70%, indicating that the con-
sensus gap is a mix of information deficit, the injection 
of misinformation and influence of cultural values. On 
the plus side, presenting quantitative information about 
the consensus has been shown to significantly increase 
acceptance of anthropogenic global warming [9].
How does one address a public misconception that has 
persisted for two decades? The golden rule to refuting 
myths is to “fight sticky myths with stickier ideas” [10]. 
We decided to focus our public messaging on a single 
number, the 97% consensus. The message couldn’t be 
simpler and considering public perception of consensus 
languishes at 55%, it was sure to take many by surprise 
(a trait of sticky ideas).

is the Petition Project, launched by the Oregon Institute 
of Science and Medicine (OISM) in 1998. This petition 
features over 31,000 scientists signing a statement that 
humans aren’t disrupting our climate. The Petition Project 
is widely cited by many, including public figures such 
as Congressman Dana Rohrabacher. What the petition 
neglects to highlight is that 99.9% of the signatories on 
the survey aren’t climate scientists.
In 2002, a memo by Republican political strategist Frank 
Luntz was leaked, disclosing the conservative strategy to 
delay climate action. Luntz argued that “should the public 
come to believe that the scientific issues are settled, their 
views about global warming will change accordingly”. 
Consequently, he advised Republicans to cast doubt on 
the scientific consensus.
Luntz was ahead of the curve. In 2011, social scientists 
measured an important link between public perception 
of consensus and support for climate policy [3]. When 
people perceive that scientists agree on climate change, 
they’re more likely to support for climate policy. Based on 
this insight, Luntz’ was strategizing over a decade before 
social scientists joined the dots.
Opponents of climate action recognise a winning formula 
and persist with this approach to this day. A recent study tal-
lied up the different climate myths presented in opinion piec-
es from 2007 to 2010 by syndicated conservative columnists 
[4]. The most common myth was “there is no consensus”.
Why is this rather transparent form of misinformation 
so effective? When presented with two opposing voices 
debating about climate science in the news media, peo-
ple become more confused about global warming and 
less likely to support climate action [5]. Consequently, 
opponents of climate action have endeavoured to po-
sition their spokespeople in the media, arguing against 
climate science.
The result is a significant “consensus gap” between public 
perception and the actual 97% scientific consensus (see Fig-
ure 3). Public polls have found that nearly half of the Amer-
ican public think climate scientists are still in disagreement 
[6]. In my own research, when I asked Americans what per-
centage of climate scientists agree on human-caused global 
warming, the average answer was 55%.

Closing the “Consensus Gap”
I recently led a citizen science effort to conduct the most 
comprehensive analysis of climate research yet done [7]. 
We analysed 21 years of peer-reviewed papers from 1991 
to 2011, identifying over 4000 abstracts that stated a po-
sition on whether humans were causing global warming. 
Among those papers, 97.1% endorsed the consensus. We 
also found that the consensus was already present in the 
peer-reviewed literature in the early 1990s, with agree-
ment strengthening over two decades. 
In 2007, Naomi Oreskes predicted that as a scientific 
consensus formed, you should expect to see less explicit 

m FIG 2: Two 
decade campaign 
manufacturing 
doubt on scientific 
consensus. OISM is the 
Oregon Institute for 
Science & Medicine, 
SEPP is the Science & 
Environmental Policy 
Project (founded 
by Fred Singer) 
and NIPCC is the 
Nongovernmental 
International Panel 
on Climate Change. 
Image credit: 
John Garrett
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Museum Eureka Prize for the Advancement of Climate 
Change Knowledge. John co-authored the college text-
book Climate Change Science: A Modern Synthesis, the 
book Climate Change Denial: Heads in the Sand and 
several papers on climate change and the psychology 
of misinformation.
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Our paper was published in the peer-reviewed journal 
Environmental Research Letters in May this year. To raise 
awareness of the 97% consensus, we launched a website 
[11], explaining the paper’s results using simple language 
and strong visuals. We also encouraged readers to rate 
the abstracts themselves via an online, interactive system 
[12]. The idea was for readers to engage with our content, 
replicate our methodology and compare their ratings 
with our own.
Our goal of raising awareness of the 97% consensus was 

given a significant boost when Presi-
dent Obama tweeted our research to 
over 31 million followers. Shortly af-
terwards, Obama delivered a landmark 
speech calling for climate action where 
he again invoked the 97% consensus. 
Representative Henry Waxman, for-
mer Vice-President Al Gore and the 
UK Minister for Energy and Climate 

Change also highlighted our research.
It remains to be seen whether public perception of con-
sensus will shift due to these efforts. It also bears mention-
ing that raising awareness of scientific consensus is not 
a magic bullet that will singlehandedly solve the climate 
problem. Climate change is described as a “wicked prob-
lem”, with a range of strategies required to overcome the 
many barriers to climate action. Nevertheless, closing the 
“consensus gap”, the chasm between public perception 
and the 97% reality, will remove a roadblock that has 
delayed public support for climate action. n
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m FIG 4: Percentage of climate papers endorsing human-caused warming. Blue 
line represents consensus based on abstract ratings. Green line represents 
consensus based on ratings provided by the papers’ authors.

. FIG 3: The gap 
between the public 

perception of 
scientific agreement 

and the actual  
97% consensus 
(public opinion  
data collected  
by John Cook) 
Image credit: 
SJI Associates 

“The group of scientists 
showing highest 
scepticism about 
climate change were 
economic geologists ”

http://woods.stanford.edu/research/global-warming-skeptics.html
http://woods.stanford.edu/research/global-warming-skeptics.html
http://environment.yale.edu/climate/files/Climate-Beliefs-September-2012.pdf
http://environment.yale.edu/climate/files/Climate-Beliefs-September-2012.pdf
http://environment.yale.edu/climate/files/Climate-Beliefs-September-2012.pdf
http://www.theconsensusproject.com/
http://www.skepticalscience.com/tcp.php?t=rate_papers


EPN 44/6 29

Physics Funding at the dfg FEATURES

D
FG promotes projects in all fields of science 
and humanities. This includes support for 
individual projects and research collab-
oration, awards for outstanding research 

achievements, and funding for scientific infrastructure 
and scientific cooperation. 
In organizational terms, the DFG is an association under 
private law. Its membership consists of German research 

universities, non-university research institutions, sci-
entific associations and the Academies of Science and 
the Humanities.
The DFG receives the large majority of its funds from the 
Federal Government and the 16 German states, which 
are represented in all Grants Committees. At the same 
time the voting and the procedural regulations guarantee 
that all decisions made are science driven.

PHYSICS FUNDING
AT THE GERMAN RESEARCH FOUNDATION

ll Karin Zach – Deutsche Forschungsgemeinschaft (DFG), Bonn – DOI: 10.1051/epn/2013603

The German Research Foundation (Deutsche Forschungsgemeinschaft, DFG) is the 
central German organization to support basic research primarily at German universities. 
An important difference to other national funding organizations is that DFG works  
as a self-governing organization of German Science in a “response mode” by funding 
proposals made by scientists, but also contributing strategically to the development  
of priority areas. In both cases the research objectives are defined from science and 
within the research system itself. There is no political guidance to fund or to favour 
special fields of political relevance. 

m Building of the 
German Research 
Foundation in Bonn 
(copyright DFG)
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The funding opportunities
The German Research Foundation offers a broad vari-
ety of funding opportunities. Figure1 shows the differ-
ent programmes and the amount of research funding 
awarded by programme in 2012. The total sum is about  
2 677 Million €.
The most traditional and at the same time – given its 
possibilities – broadest programme is the individual 
grants programme. This enables individuals who have 
completed their academic training to conduct research 
projects with clearly defined topics, regardless of the sub-
ject. The typical duration of such a project is 3 years with 
the possibility of prolongation. Every scientist having a 
PhD and working at a German university at any time 
can apply for support for a research project on any topic. 
There are no deadlines. DFG supports direct project costs, 
project specific staff, and instrumentation necessary to 
carry out the project. 
As a special possibility the application for an individual 
research grant can include the position for the applicant 
as a project leader to be funded with a temporary position. 
This enables the project leader to realize his/her own ideas 
more independently than as a staff member in a project 
of another person.
Research Fellowships are another form of an individ-
ual grant. These stipends intend to help early-career re-
searchers to conduct a defined project at a location of 
their choice outside Germany to familiarize with new 
research methods and at the same time with another 
scientific system.   
The Emmy Noether Programme provides outstand-
ing researchers at an early stage of their career with the 
opportunity to rapidly qualify for a leading position 
in science, preferably for a university teaching career, 
by leading an independent junior research group. It is 
our high-end excellence programme to recruit young 

outstanding postdocs having international experience 
(back) to Germany. Foreign applicants are expected to 
continue their scientific career in Germany following 
the funding period. The funding possibilities in this pro-
gramme include, for a period of five years, the position for 
the project leader, positions for staff, consumables, money 
for travel, project specific equipment; in brief - all that 
is necessary to run the group. The programme is highly 
competitive, as holding such a grant is a major step in a 
scientific career.
As seen from Figure1 there also is a big amount of fund-
ing to different programmes for collaborative work. 
A Research Unit is made of a team of researchers work-
ing together on a research project which, in terms of the-
matic focus, duration and finances, extends beyond the 
funding options available under the individual Grants 
Program. Research Units provide the staff and materi-
al resources required for carrying out intensive, medi-
um-term cooperative projects. 
Priority Programmes serve for nationwide coopera-
tion between its participating researchers. The Senate 
of the DFG (for organizational structures look at www.
dfg.de/en/dfg_profile/index.jsp) establishes Priority Pro-
grammes when coordinated support given to the area in 
question promises to produce particular scientific gain. 
This is the only programme for which the DFG announc-
es a call for proposals.
Collaborative Research Centres (CRC) are institutions 
established at universities for a period of up to 12 years 
that enable researchers to pursue outstanding research 
programmes, crossing the boundaries of disciplines, in-
stitutes, departments and faculties. They facilitate sci-
entifically ambitious, complex, long-term research by 
concentrating and coordinating the resources available 
at a university. 
Research Training Groups (RTG) are established by uni-
versities to promote young researchers. Their emphasis 
is on the qualification of doctoral researchers within the 
framework of a focused research programme and a struc-
tural training strategy. RTGs with an interdisciplinary 
approach are welcome. There are also very successful 
examples of international Research Training Groups.
Writing about the actual funding landscape in Ger-
many must include the German Excellence Initiative. 
This initiative aims to promote top-level research and 
to improve the quality of German universities and re-
search institutions in general, thus making Germany a 
more attractive research location, making it more in-
ternationally competitive and focusing attention on the 
outstanding achievements of German universities and 
the German scientific community. The DFG runs this 
initiative together with the German Science Council. 
The Excellence Initiative started in 2005. In 2009 the 
federal and state governments approved continuing 
the Excellence Initiative for another five years (2012 

. FIG. 1: Amount of 
DFG funding awarded 

by programme in 
2012 to all fields 

of science, in 
Million Euros
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•• Optics, Quantum Optics, Atoms, Molecules and Plasmas
•• Particles, Nuclei and Fields
•• Statistical Physics, Soft Matter, Biological Physics, Non-
linear Dynamics

•• Astrophysics and Astronomy
These boards meet four to six times per year to discuss 
all individual proposals from the respective subject area 
and to prepare the final decision on the proposals consid-
ering the financial possibilities. This way we ensure that 
all proposals within the subject area are assessed using a 
common standard. At the same time an important task of 
the boards is quality assurance. For example, they check 
if the selection of peer reviewers made by the DFG head 
office was the right one. In the DFG`s coordinated pro-
grammes, which involve reviews by panels, review board 
members participate at the on-site evaluation to ensure 
the same quality standards in all funding programmes.
Figure 2 shows the amount of funding to the different 
fields in physics in 2012. The whole sum was 167.6 Million 
€. This number includes the Individual grants programme, 
Research Units, Priority Programmes, Collaborative Re-
search Centers and Research Training groups. It does 
not include the Excellence Initiative (difficult to count 

through 2017), allocating 2.7 billion € in funding for 
this period. 
The DFG is responsible for two of the three funding lines 
– the Graduate Schools and the Clusters of Excellence. 
A third line dealing with institutional strategies is under 
responsibility of the German Science Council. The Grad-
uate Schools serve as an instrument of quality assurance 
in promoting young researchers and are based on the 
principle of training outstanding doctoral students within 
an excellent research environment. They offer ideal con-
ditions for doctoral students within a broad scientific area 
and, as integrative institutions with international visibility, 
they encourage students to be active members of their 
academic and social communities. As a result, graduate 
schools will extend far beyond DFG Research Training 
Groups and differ from them substantially.
Clusters of Excellence will enable German university 
locations to establish internationally visible, competi-
tive research and training facilities, thereby enhancing 
scientific networking and cooperation among the par-
ticipating institutions. They should form an important 
part of a university’s strategic and thematic planning, 
significantly raise its profile and reflect its considered 
long-term priorities.
With its enormous possibilities the German Excellence 
Initiative was a starting point for a new kind of thinking at 
German universities and brought together a lot of people, 
who otherwise would have never talked to each other and 
who now collaborate to realize new ideas.
A much more detailed overview on funding possibili-
ties and funded projects is given on the DFGs websites  
www.dfg.de/en/index.jsp.

The decision making process
Similar to other funding organizations the German Re-
search Foundation makes its decisions on the basis of 
a peer review process. For all individual proposals we 
ask at least two national or international peers familiar 
with the field of the application to write an assessment 
on the quality of the project, the qualification of the 
applicant, the aims and work programme of the pro-
ject and the planned allocation of funding. To prior-
itize the proposals on the basis of the statements of the 
reviewers (usually we have positive opinions for many 
more proposals than could be financed) we work with 
elected review boards. This is a big difference to other 
organizations as by the election process the members 
of these review boards have the mandate and at the 
same time the confidence of the scientific community 
to do this work. Actually 48 such boards from all fields 
of science with 606 members elected from the scientific 
community for the duration of 4 years work for the DFG 
on a voluntary basis.   
In Physics we have five such boards:
•• Condensed Matter Physics

m FIG. 2: DFG funding 
to the different fields 
in physics in 2012

. FIG. 3: Development 
of funding in physics 
over the last years 
for the different 
programmes (for 
better comparability 
all sums are divided 
into yearly amounts 
even if the project 
duration is much 
longer, this means 
that a 3 years grant 
is calculated as 3 
parts for 3 years)  
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Million € to 50.7 Million € per year. Even if the rejection 
rate is actually quite high, very good proposals have a 
good chance to be funded.
Another point should be made on the part of money 
physics raises in programmes for collaborative work. For 
Collaborative Research Centres and Research Training 
Groups there is a common budget for all fields of sci-
ence,” from archeology to zoology”, and all proposals are 
decided in competition to each other. Physicists are very 
successful in these programmes. With attractive concepts 
they gain approximately 48% of their funds from these 
programmes whereas the average over all scientific fields 
adds up to approximately 35%.
We are convinced that the positive development of 
physics funding will continue at a national as well as at 
an international level. Most of our programmes enable 
common work with scientists from other countries. On 
the basis of what we have reached up to now one task 
for the future will be to further strengthen collaboration 
between physicists in Europe. n
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the German Research Foundation, since 2005 as the Head 
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because of interdisciplinary approaches) nor the over-
head of 20% which comes on top. The major part of the 
money goes to Condensed Matter Physics with more than 
half of the proposals and initiatives, whereas the amount 
for the other fields is smaller. We have to consider that 
there are fields in physics requiring large infrastructures, 
for example experimental particle physics, for which the 
funding responsibility in Germany is at the Ministry for 
Science and Education. There DFG money is only a small 
part of funding for these fields.
 
Development of DFG Funding in Physics
Figure 3 shows the development of funding in physics 
over the last years. For comparability all numbers given 
are counted as funding sums for the respective year. Phys-
ics is the strongest among the Natural Sciences (physics, 
chemistry, mathematics, geosciences). It receives approxi-
mately 10% of the whole DFG funding. The figure clearly 
shows the growth of the funding sums with time. We have 
the very favourable situation that the Federal Govern-
ment and the 16 German states agreed to increase the 
DFG funds until 2015 by 5% per year. This is the basis 
for a substantial increase of funding in all programmes. 
Nevertheless the need for science funds grows faster than 
the financial possibilities, also in Germany. So, the elected 
review boards at every meeting have to reject very inter-
esting proposals for financial reasons.
The individual funding programmes are the core of DFG 
funding as they give the scientists very flexible possibil-
ities to realize innovative ideas. During the time shown 
the amount for individual grants in physics rose from 31.3 

 [Letter to the Editor] 

by Giorgio Benedek
University of Milan–Biccoca

About ‘Crossing borders’

enjoyed reading ‘Crossing 
Borders’ by Herman Beijer-
inck in EPN 44/4, page 21. I 
agree on everything, and wish 

to answer the question about the play 
on the Heisenberg/Bohr discussion: 
see the article Revisiting Farm Hall 
by Amand Lucas in Europhysics News  
38  n. 4 , p. 25 (2007), directly accessible 

through www.europhysicsnews.org. 
Amand Lucas also wrote a play on the 
same subject, published by Amazon 
2011: “The Bomb and the Swastika” 
(Moral dilemma faced by history’s 
greatest scientists, who tickled the tail 
of the sleeping nuclear dragon) Pa-
perback – December 22, 2011, in the 
excellent English translation by Milton  

W. Cole and Stephane Coutu from 
the original French. It is quite inform-
ative and enjoyable. Amand (amand.
lucas@fundp.ac.be), will be happy to 
let readers have further information. 
Incidentally, I wrote a comment on this 
play: “Science Ethics in Four Acts”, in 
Revue des Questions Scientifiques 184, 
n. 3 (Université de Namur, 2013). n

I

http://www.europhysicsnews.org
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I
t is now 210 years ago that Thomas Young present-
ed the outcomes of his nowadays world-renowned 
two-slit experiment to the Royal Society [1]. This ex-
periment confirmed Huygens’ wave theory of light 

and refuted Newton’s corpuscular one. About 100 years 
later, though, Albert Einstein again suggested that light 
was composed of quanta of electromagnetic radiation or 
photons. Ever since, Young’s experiment has constituted 
the simplest and most elegant proof of the fuzzy dual  
behaviour displayed by quantum systems, both light 
(photons) and material particles (electrons, atoms, mol-
ecules, etc.). Depending on how the experiment is per-
formed, a different complementary aspect of the system 
is revealed: wave or corpuscle.

In 2011, Aephraim Steinberg and colleagues from the 
University of Toronto caused a stir in the physics com-
munity [2,3] with their challenging realization of Young’s 
experiment with single photons [4]. As they showed, in 
a certain sense, going beyond the restrictions imposed 
by both Bohr’s complementarity principle and Heisen-
berg’s uncertainty principle is actually feasible. From 
measurements of the photons’ transversal momentum, 
this group was able to determine the energy streamlines 
associated with the photon electromagnetic field and, 
therefore, to infer “which”-slit information (corpuscle be-
havior) without destroying the interference pattern (wave 
behavior). In other words, these measurements imply 
that the field contributing to each half of the interference 

ll M.D. Davidovic' 1 and A.S. Sanz2  – DOI: 10.1051/epn/2013604

ll 1 Faculty of Civil Engineering, University of Belgrade – Belgrade, Serbia

ll 2 Instituto de Fi' sica Fundamental, Consejo Superior de Investigaciones Cienti' ficas – Madrid, Spain

Young’s two-slit experiment constitutes the paradigm of quantum complementarity. 
According to the complementarity principle, complementary aspects of quantum 
systems cannot be measured at the same time by the same experiment. This has been 
a long debate in quantum mechanics since its inception. But is this a true constraint?  
In 2011, an astounding realization of this experiment showed that perhaps this is not the 
case, and the boundaries to our understanding of the quantum world are still far away.

HOW DOES LIGHT MOVE?
DETERMINING THE FLOW OF LIGHT 
WITHOUT DESTROYING INTERFERENCE

m Bohmian 
reinterpretation of 
Young’s diagram. The 
trajectories (solid 
lines) describing the 
flow of light in space 
are in compliance 
with the velocity 
field defined by the 
transport relation 
between the 
Poynting vector and 
the electromagnetic 
energy density.
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pattern comes uniquely from the slit that is placed just 
in front of it, thus indirectly revealing which slit the field 
(photons) passed through. But, how is this possible? Is it 
not in contradiction with our standard perception and 
understanding of the quantum world?

What are Bohmian trajectories?
Leaving aside conceptual issues connected to the comple-
mentarity and uncertainty principles, there is no reason 
that impedes us to formulate models aimed at locally 
tracking the evolution of quantum systems. Actually, from 
a practical viewpoint, such models are very convenient: 
they provide us with a feeling of how the probability 
flows in (configuration) space and time. This is the case 
of Bohmian mechanics [5], a hydrodynamic formulation 
of quantum mechanics, where the evolution of quantum 
systems is described in terms of streamlines or trajecto-
ries. This is possible, because this approach focuses on 
the phase information encoded in the wave function. 
Thus, for example, in interference phenomena, bundles 
of trajectories gather along certain directions (maxima), 
while avoiding others (minima).
Bohmian mechanics is applicable whenever the quan-
tum system is described by Schrödinger’s equation. 
But, what happens if we are dealing with light instead? 
The answer is simple. Given that light interference pat-
terns arise from the accumulation of a large number 
of photons [6], they can be well described by standard 
(classical) electromagnetism. Following the Bohmian 
prescription, an analogous model can then be formulat-
ed, where the trajectories (electromagnetic energy flow 
lines) are obtained from the Poynting vector [7,8] and 
describe the spatial distribution of the electromagnetic 
energy density.

Weak measurements vs. strong  
or von Neumann measurements
Now, is it possible to experimentally test the feasibility 
of the above model? Appealing to the complementari-
ty and uncertainty principles, the immediate answer is 
“no”. Standard (strong) measurements do not follow 
a unitary evolution transformation, inducing an irre-
versible change in the system evolution. This problem 
can be overcome, though, by performing “weak meas-
urements” [9]. These are tiny perturbations performed 
on the system, which do not alter much its evolution, 
but which, when averaged over a large number, render 
complementary information about it. In practice, these 
data are equivalent to transition probabilities between 
two different states, the transition being described by 
a certain operator. If this operator corresponds to the 
momentum operator, the average coincides with the 
Bohmian momentum [10]. In other words, a weak 
measurement is just a measure of the local flow of the 
probability density or, equivalently, the local value of the 
quantum probability current density, often regarded as 
a non-observable. In the case of light, this translates into 
a local measure of the photon transversal momentum. 
This momentum, when averaged over many photons, 
happens to be proportional to the transversal compo-
nent of the Poynting vector.

(a)

(b)

(c)

(d)

Transverse coordinate [mm]

(e)

cFIG. 1:  
From (a) to (d), 

experimental 
intensities (red 

and blue curves) 
for the two circular 

components obtained 
from photon counts 

on a CCD camera, and 
weak momentum 

values obtained from 
these intensities at 

different imaging 
planes [2].  

(e) Reconstruction 
of average photon 

(Bohmian) 
trajectories from 

weak momentum 
values taken on 

41 imaging planes 
covering a range of 

2.75 to 8.2 meters 
(the vertical red 

dashed lines denote 
the position of the 
imaging planes of 
the data shown in 

the above panels). 
Results obtained from 

Ref. [2]. Reprinted 
with permission 

from AAAS.



BOX: WEAK MEASUREMENTS IN YOUNG’S TWO SLITS

Simplified scheme of the version of Young’s 
experiment performed by Kocsis et al. [4]. 
Photons are prepared with diagonal polari-
zation |D›~|H›+|v› when they cross the first 

polarizer. A thin calcite chip with optical axis 
at 42° induces a small phase-shift between 
the two photon polarization components 
(weak measurement), which is a linear 

function of the photon transverse momen-
tum, φ(kx)=ζ(kx /k)+φ0 (in the experiment the 
calcite is tilted in such a way that φ0=0). The 
photon polarization state then becomes 
|Ψ›~e–iφ(kx)/2|H›+|Ψ›~eiφ(kx)/2|V›, which can 
also be recast as |Ψ›~(e–iφ(kx)/2+ie–iφ(kx)/2)|R›+ 
(e–iφ(kx)/2– ie–iφ(kx)/2)|L›, in the circularly po-
larized basis set |H›=(|R›+|L›)/√—2 and 
|V›=(|R›–|L›)/√—2 . These two polarization 
components give rise to two separate 
and independently detected interference 
patterns (strong measurement), with in-
tensities IR~1−sinφ(kx) and IL~1+sinφ(kx).  
The phase-shift is obtained from the  
relation sinφ(kx)=(IL−IR)/(IL +IR), which re-
lates to the transversal momentum as  
kx=(k/ζ) arcsin(IL−IR)/(IL +IR).
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by propagating a set of initial conditions with the aid of 
the momenta along the transversal direction (see bottom 
panel of Fig. 1).
In spite of the complexity involved in the experimental 
setup, the trajectories themselves are a result that can be 
easily explained in terms of classical electromagnetism. 
To understand this basic idea, consider two slits such that, 
when illuminated by monochromatic light, they produce 
two diffracted Gaussian beams [11]. The energy density 
of the electromagnetic field behind the slits distributes 
as shown in Fig. 2a, while its phase is as displayed in Fig. 
2b. The relation between the corresponding Poynting 
vector and the electromagnetic energy density gives a 
velocity field, which accounts for the local transport of 
energy. The photon transversal momenta (weak values) 
of Fig. 1 correspond to the transversal components of this 
field. This correspondence can be seen in Fig. 2c together 
with some trajectories. This quantity is compared with 
the experimental data at different distances from the two 
slits and using different initial electromagnetic energy 
density distributions [11] (Gaussian and non-Gaussian).

Plato and photon paths
In Plato’s Allegory of the Cave, a series of people are en-
forced to face a wall where they observe the projected 
shadows of some objects passing by behind them. For 
those people, these shadows constitute their closer notion 
to the idea of reality, without ever knowing what the true 
nature is of the objects that cause such shadows. To some 
extent, the quantum world operates in a similar fashion: 
we can only understand quantum systems in a rather 
limited way. Under these circumstances, the Bohmian 
formulation offers the possibility to locally describe the 
evolution of quantum systems in terms of well-defined 
trajectories in the configuration space and time. These 
trajectories, in compliance with the (global) evolution 

Measuring average  
photon paths experimentally
In the experiment [4] (see box), single photons produced 
by a quantum dot pass through a 50:50 beam splitter, 
which plays the role of Young’s two slits. These photons 
are prepared in a diagonal polarization state, after which 
they pass through a thin chip of calcite, where the weak 
measurement is performed: the inclination of the cal-
cite optical axis rotates the photon state, which becomes 
slightly elliptically polarized. By means of a quarter-wave 
plate (QWP) and a polarization beam displacer, the two 
polarization components are eventually separated (ac-
cording to a circular polarization basis set), each one 
giving rise to an interference pattern. The shift between 
these two patterns is proportional to the photon transver-
sal momentum at a particular position – in other words, 
from the intensities of the left-hand and right-hand circu-
lar components, the weak value of the photon transversal 
momentum is extracted. Averaging over a large number 
of photons on that position, not only the typical fringe 
interference pattern is reconstructed, but also the photon 
transversal momentum distribution. In order to obtain 
information at different distances from the “two slits”, 
a set of three lenses is used. By displacing one of them 
(the middle one), one achieves the effect of detecting the 
photons at imaging planes closer to or further away from 
two slits. Experimental results at four different imaging 
planes are shown in Figs 1a-d.
The information provided by a sequence of transversal 
momentum distributions recorded for many consecu-
tive and closely spaced imaging planes is then used to 
determine the average flow of photons. It is here that 
Bohmian mechanics comes into play. To be more precise, 
Bohmian mechanics provides the idea and classical elec-
tromagnetism the theoretical framework, as mentioned 
above. The corresponding trajectories are reconstructed 
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Research Fellow at the Instituto de Física Fundamental 
(CSIC), in Madrid, where his research is mainly focused 
on applications of Bohmian mechanics to atomic, mo-
lecular, and optical physics, chemical physics, and sur-
face science.
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accounted for by the wave function, are not in contra-
diction, though, with the complementarity and uncer-
tainty principles (understood in a broader sense than is 
commonly done). This is an appealing idea from which a 
richer picture of the physical nature of quantum systems 
can be extracted, as the above experiment or some other 
that are currently being proposed [12,13] show.
In that sense, even though the trajectories reconstructed 
from the experiment cannot be associated with the paths 
followed by individual photons, but with electromagnetic 
energy streamlines, the experiment constitutes an im-
portant milestone in modern physics. The fact that the 
trajectories do not cross means that, at the level of the 
average electromagnetic field (or the wave function, in 
the case of material particles, in general), full which-way 
information can still be inferred without destroying the 
interference pattern. That is, rather than complementarity, 
the experiment seems to suggest that superposition has a 
tangible (measurable) physical reality [14], in agreement 
with a recent theorem on the realistic nature of the wave 
function [15]. n
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m FIG. 2:  
Young’s two slit 

experiment with 
light. Energy 

density distribution 
(a) and phase 

field (b) of the 
electromagnetic 

field generated 
by two identical, 

Gaussian slits [11].
The corresponding 

electromagnetic 
energy flow lines or 
average (Bohmian) 
photon trajectories 

are displayed in 
(c), together with 

a comparison 
between transversal 

momenta obtained 
from numerical 

simulations with 
different models 

of slits (colored 
curves) and the 

corresponding sets 
of experimental 

data [2] (full circles).
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Opinion:  
Where are the women in physics?
Elisabeth Rachlew is emeritus professor of Applied Atomic and Molecular 
Physics at the KTH Royal Institute of Technology in Stockholm

I
n my country only about 10% of the 
Physics professors are women. So 
the question above is appropriate. 

There are frequent discussions about 
the issue of women in science, and 
not very seldom the question ‘Where 
are they?’ is replaced by ‘Do we need 
them?’. When the physics class of the 
Royal Swedish Academy visited Brus-
sels a few year ago, one of the leading 
politicians welcomed us by saying 
“..we are proud to welcome the physics 
class of the Royal Academy and also the 
wives..”. Needless to say the women in 
the group were members of the phys-
ics class (including myself). 
When we discuss the issue of wom-
en in physics usually one answer is 
sought, like ‘it depends on the lack of 
self confidence of the women’, or ‘it is 
because women want to care for the 
children’, or ‘women are not interested 
in science….’ But I can tell you, the an-
swer is not one single issue, but rather 
the structures which are built around 
natural sciences, around the technical 
sciences, around the power structure 
in the universities. I dare to say that 
the situation has not changed much 
since 1933, when the famous Solvay 
Conference picture was taken. Only 
3 out of 41 are women – close to the 
percentage of faculty we have today in 
the physics department!
It would be unfair to say that nothing 
is being tried today in the universi-
ties, but it goes too slowly. The APS 
committee on Women in Science 
started a very impressive programme, 
with visits to the faculties and the 
physics departments, to find out 
why women disappear more quickly 
than the men from the faculty (the 
‘scissors’). The group performing 

these visits includes the leadership 
of the university, from both the 
president’s office and the personnel 
office. Many effects were found which 
caused women to leave, such as lack 
of university support in funding, in 
office area, in laboratory area, in par-
ticipation in important committees. 
And these findings have resulted in 
changes at the physics departments. 
But more needs to be done. At the 
Swedish universities the defence of 
PhD theses is an important occasion. 
So an external expert is called in as 
the “opponent”. Why not invite more 
women to be opponents? At scientific 
conferences it is not enough to have 
women as “chairmen”. Ask them as 
invited speakers! 
These are only examples where de-
cision makers (usually men) should 
realize which assignments give sci-
entific esteem. Many more actions 
are possible. Look at the statistics of 
Physics Department Heads and oth-
er university decision makers. An 

interesting fact is that very recently 
the percentage of female presidents at 
the Swedish universities rose to over 
60%, and most of these women have 
been in contact through mentorship 
programmes earlier in their careers. 
More general than Women in Science 
is the issue Women in key positions 
(Sweden never had a female prime 
minster, and women have the right to 
vote only since 1921). I think, though, 
that these two issues are strongly 
linked: who wants to pursue a science 
career if there is very little chance to 
arrive at a professorship? I frequent-
ly hear the argument ‘the situation is 
changing, now we have many more 
undergraduate girls in physics’, but 
the scissors show that this is not true. 
At every step in the university career 
women are disappearing faster than 
men. A man holding a PhD in physics 
has five times more chance to become 
a professor than a woman. And know-
ing this, why enter such a subject, even 
if physics is very much fun! n

Very 
recently the 
percentage 
of female 
presidents at 
the Swedish 
universities 
rose to over 
60%, and 
most of these 
women 
have been 
in contact 
through 
mentorship 
programmes 
earlier in 
their careers. 

EPS CONSTITUTIONAL CHANGES?
The Executive Committee of the European Physical Society will propose mod-
ifications to the EPS Constitution and By-laws to the EPS Council during its 
meeting of 4-5 April 2014. A list of all the modifications can be found here:  
www.eps.org/?page=about_us_modif_prop.
An increase in Membership Fees for Individual Members only will also be presented 
to Council, modifying section 6 of Annexe 1 to the Constitution and By-laws. 
The proposal would increase EPS Individual Membership fees as follows:

• Individual Member Category 3a euro 22 would be increased to euro 25,
• Individual Member Category 3b euro 44 would be increased to euro 50,
• Individual Member Category 3c euro 66 would be increased to euro 70,
• Individual Member Category 3d euro 16,50 would be increased to euro 18,
• Individual Member Category 3e euro 16,50 would be increased to euro 18.

Any increase decided by Council 2014 will not take effect until 2015. n 

http://www.eps.org/?page=about_us_modif_prop
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