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EPS EDITORIAL

[EDITORIAL]

Celebrating anniversaries
We humans are very good and imaginative in celebrating
anniversaries, starting with our own birthday. States or countries
can commemorate the date of their creation or independence,
often related to a famous battle, to the end of a war or to the
change of political regime by a revolution.

eye to the Universe still in action out
in space after 25 years. The EPS Historic sites initiative is also part of this
trend in commemorating important
places for the development and history of physics. It is so successful that
by the end of 2015 over 25 sites in
15 countries will have been officially inaugurated.
If I mention this universal trend of
celebrating anniversaries it is because
this is part of our human behaviour to
look in the past to assess our achievements and open a perspective into
our future. Indeed ‘Those who cannot remember the past are condemned
to repeat it’ wrote George Santayana
(American philosopher and poet,
1863-1952). But conversely I would
say, based on a quote by George Bernard Shaw (Irish dramatist & socialist, 1856 – 1950), that 'we are made
wise not only by the recollection of our
past, but more by the responsibility for
our future’. This is in some way the
standpoint I want to take as the new

We are made
wise not
only by the
recollection of
our past, but
more by the
responsibility
for our future.

EPS president: to build up on the legacy of my predecessors to imagine a
stronger, well regarded and successful EPS. I would like to thank here
in particular our past president John
Dudley for his tremendous work in
setting up the IYL2015, an enormous
enterprise that is shedding a bright
light on our Society. Many more
persons, also from our Secretariat
in Mulhouse, need to be acknowledged for their contributions. Now
that we have committed ourselves
to be present and active in Brussels
as the umbrella organisation for 42
member societies in Europe, we will
need more than ever the support of
our Divisions, Groups and Committees. All together we shall reach the
right momentum in proposing new
ideas and statements based on our
scientific expertise and defending the
interest of the European physicists.n
llChristophe Rossel

President of the EPS
©iStockPhoto

T

his is where historians are of
great help to remind us of the
political, social and cultural
milestones that have paved the development of our world. Unfortunately
this was not always for the best of humanity as we remember this year the
end of WWII 70 years ago. Companies, national or international organisations, universities, societies, clubs,
all have also their good reasons to celebrate their full years of existence. A
nice example is the 200th anniversary
not only of the Polytechnic Institute,
called today TU Wien, founded during the years of the Viennese Congress
(1814-1815), but also of the Viennese
Waltz, which achieved its first golden
age at that time.
In science we do the same by looking back at great discoveries, new theories or new technological advances.
For example in 2005 the festivities
of the international year of physics
(WYP2005) took as reference the
centenary of Einstein’s ‘Annus Mirabilis’ when he wrote his seminal papers
while working as a patent office clerk
in Bern. The international year of light
IYL2015 is also a great opportunity to
celebrate anniversaries such as 1000
years of Arabic optics, 200 years of
Fresnel’s theory of diffraction, 150
years of Maxwell’s electrodynamics,
100 years of Einstein’s general relativity, 50 years of the Cosmic Microwave
Background discovery by Penzias and
Wilson. By digging further in our
memories we can always find other
relevant events. One of them, more
recent, is the launch on April 24, 1990
of the Hubble telescope, this fantastic
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wo days later E. P. Wigner gave his Nobel-lecture
with the title “Events, laws of nature, and invariance
principles” where - among other things - he said
the following: it is often said that the objective of physics is the
explanation of nature, or at least of inanimate nature. What
do we mean by explanation? It is the establishment of a few
simple principles which describe the properties of what is to
be explained. If we understand something, its behaviour, i.e.,
the events which it presents should not produce any surprises
for us. We should always have the impression that it could not
be otherwise.
It is clear that, in this sense, physics does not endeavour to explain
nature. In fact, the great success of physics is due to a restriction of
its objectives: it only endeavours to explain the regularities in the
behaviour of objects. This renunciation of the broader aim, and the
specification of the domain for which an explanation can be sought,
now appears to us an obvious necessity. In fact, the specification of
the explainable may have been the greatest discovery of physics so
far. It does not seem easy to find its inventor, or to give the exact
date of its origin…
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ERRATUM: EPN 46/2
Page 6: The figure caption should read: "From left to right:
J.-L. Puget, N. Mandolesi and J. Tauber".
Pages 11 and 12: The figures in the right columns (Y. Wang
et al. and B. M. Mihiretie et al.) should be interchanged.

EPS historic sites NEWS

We have ceased to expect from
physics an explanation of all events,
even of the gross structure of the universe, and we aim only at the discovery
of the laws of nature, i.e., the regularities of the events.
It is natural, therefore, to ask for a
super principle which is in a similar
relation to the laws of nature as these
are to the events. The laws of nature
permit us to foresee events on the basis
of the knowledge of other events; the
principles of invariance should permit us to establish new correlations
between events, on the basis of the
knowledge of established correlations
between events.
These thoughts clearly demonstrate the deep thinking on nature
of the first “nuclear engineer” who
made great discoveries not only in
symmetry issues in connection with
laws of physics, but equally significant
ones in condensed matter physics and
several other physics sub-disciplines.
And as he stated later several times in
our discussions, his way of thinking
had been planted into his brain by his
math teacher Laszlo Ratz and physics
teacher Sandor Mikola in the “Fasor
Lutheran High School” in Budapest.

m The Fasor

Lutheran
High School
and Church
buildings.

. Prof. Luisa

Cifarelli and
Prof. Norbert
Kroo unveil the
commemorative
plaque.

That is why EPS honoured the site
and we could celebrate his achievements and - of course - the school of
E.P. Wigner and J. von Neuman on
the 23rd of April, by inaugurating the
20th EPS Historic Site Plaque in front
of the school-building and listen to
popular lectures of teachers of the
school and distinguished scientists
in the Ceremonial Hall of the Fasor
Lutheran High School. In addition
to representatives of the Hungarian
scientific community and district
administration, students and alumni of the school also participated at
the event. Luisa Cifarelli, past president of EPS, was also present. She

participated in the unveiling of the
plaque and spoke about the development of the Historic Site idea in the
Ceremonial Hall.
The ceremony was organized as
one item on the long list of Hungarian
events devoted to International Year of
Light 2015. In this spirit, on 2 May one
of our main TV channels devoted 15
minutes of interviews to the unveiling of the plaque followed by a short
film on the visit Eugene P. Wigner had
made to the school in the early 90s. n
llNorbert Kroo
Former President and
Honorary Member of EPS
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NEWS Report

European Physical Society Council report
27-28 March 2015
The EPS Council was held at the Physik Zentrum in Bad Honnef (PBH), Germany
on 27-28 march 2015. Over 50 delegates attended representing the 42 EPS Member
Societies, Divisions, Groups, Individual Members and Associate Members.

T

he PBH is the headquarters of the
German Physical Society (DPG). It
is also a modern and well equipped
conference centre that has proven to be especially stimulating for fruitful discussions.
Edward Krubasik, the President of the
DPG and Bernhard Nunner, the managing director of the DPG welcomed the
EPS Council. The DPG currently has over
60,000 members, making it the largest
physics learned society in the world. It has
a small permanent staff, and relies on the
members and volunteers to conduct most
of its activities. Its activities include the
organisation of conferences, publications,
and outreach.

President’s Report
John Dudley addressed the EPS Council
in a video message. He stated that the EPS
should be proud of its achievements, both
as a federation and as a learned society. The
EPS is broad and inclusive, which gives the
Society its strength and credibility, which
ultimately means that EPS messages are
listened to.
Christopher Rossel, the EPS President-elect, presented the annual report
with a summary of facts and figures for
the EPS. The EPS has 42 Member Societies
that represent amongst them over 130,000
physicists in Europe. There has been an increase of 14% in the number of Individual
Members (IMs), now totalling over 3300.
IMs are part of the historic development
of the EPS, and are a unique feature of the
EPS, as well as the main actors in the 17 EPS
Divisions and Groups.
The Executive Committee, elected by
Council and charged with oversight and
implementation of EPS activities met 4
times since Council 2014. The meetings
were efficient in discussing EPS priorities, as
well as meeting with various EPS Member
Societies and Divisions and Groups. Summaries of Executive Committee meetings
06 EPN 46/3

are prepared by the Honorary Secretary,
and are available to all EPS members.
EPS engages in a number of activities,
consistent with its role as a learned society.
Publication is one important activity. EPL is
the EPS flagship letters journal, publishing
high quality content in all fields of physics.
Over 2100 manuscripts were submitted in
2014, and 785 were published. The quality of
the content and the visibility of the journal
has been enhanced, thanks to the hard work
of the Editor in Chief Giorgio Benedek.
The EPS news magazine, Europhysics
News, is distributed in 25,000 copies 5 times
a year to 40 EPS Member Societies. It publishes review articles on trends in physics,
as well as articles of general interest to the
physics community. Victor Velasco, the Editor, and Jo Hermans, the Science Editor rely
on Council delegates to contribute to the
continued development of the magazine.
The European Journal of Physics (EJP)
is an international journal dedicated to
maintaining and improving the standard
of taught physics in universities and other
higher education institutes. Professor Michael Vollmer was appointed editor-in-chief
of the journal from September 2014 taking
over from Professor Jan Mostowski.
The EPS electronic newsletter, e-EPS is
published monthly. It is distributed to over
35,000 readers around the world. It contains
news items about important developments
in physics, as well as items of interest to the
general community.
EPS Divisions and Groups organised 14
of the world’s best conferences in physics in
2014. Many other events were also organised
to discuss issues concerning the relationship
of physics with society, such as the 7th Forum
Physics and Society in Belgrade, which explored the image of physics and physicists. The
EPS Committee on European Integration also
organised 3 workshops to examine methods
to increase participation of researchers from
the Balkan countries in EU funded projects.

The EPS Young Minds initiative introduces young researchers to the EPS, and
encourages them to organise outreach
activities in their universities and communities. There are currently 22 sections in
12 countries.

International Year of Light
The International Year of Light is a global
initiative that will highlight to the citizens
of the world the importance of light and
optical technologies in their lives, for their
futures, and for the development of society.
Since 2009, the EPS has been spearheading the initiative to declare 2015 as the International Year of Light. These efforts were
rewarded, first by a resolution welcoming
and endorsing an International Year of
Light in 2015 adopted by the UNESCO
Executive Board in October 2012. With this
support, the UNESCO General Conference
in November 2013 confirmed support for a
formal resolution before the United Nations
General Assembly, and the formal adoption
of 2015 as the International Year of Light
and Light Based Technologies (IYL2015)
was made during a General Assembly Plenary meeting on 20 December 2013.
The Opening Ceremony took place in
Paris on 19-20 January 2015. It introduced
the key themes of the year, such as basic
science, innovative lighting solutions for
society, light pollution, emerging trends in
research, how photonics can solve global
challenges, light in art and culture, etc. It
brought together the international scientific
community, diplomats and policy makers as
well as leading companies in light technologies. Nobel laureate lectures, short messages
and thematic talks covered areas of basic
science, innovative lighting solutions for
society, light pollution, emerging trends in
research, how photonics can solve global
challenges, light in art and culture, the history of science, the need for dialogue between
scientists and governments to improve

Report NEWS

science policy. There was also a wonderful social programme, with a concert by
violinist Joshua Bell, and the illumination of
the UNESCO Fontenoy building by Finnish
artist, Kari Kola.

EPS Statements
EPS Council discussed the opportunity for
the EPS to make statements as a means to
communicate to policy makers and the general public about physics and how it relates
to important issues. Statements, whether
they are bottom up proposals, for example
by EPS Divisions and Groups, or top down,
mandated by the Executive Committee
require approval by the Executive Committee. A consultation loop with Council
delegates is also necessary. The Executive
Committee has the authority to end the
consultation loop. The decision to publish
statement is the responsibility of the Executive Committee.

EPS Strategy
The EPS Strategy 2010+ will be under review
in 2015. Council provided guidance into the
process, as well as possible orientations for
the EPS policy.
EPS has an important role as an umbrella
society. It needs to encourage and enhance
communication among its member Societies.
Joint strategies and activities will improve the
image of physics, and increase its impact and
visibility. These are important elements when
trying to influence science policy. It would
also be beneficial for physics as a whole. The
EPS needs to remember its role as inclusive
of all fields of physics, including newly developed fields, such as nano technology.
The EPS needs to concentrate on concrete
issues. Energy is an issue where physics is a
core element. It is also interdisciplinary and
pan-European, with important research and
policy implications. This is an example of a
topic for a concerted EPS effort.

Round table on Influencing
European Commission
Science Policy
A Round table on Influencing European
Commission Science Policy was moderated by Angela Bracco and Elizabeth
Rachlew. Presentations were made by representatives of learned societies, European
federations, European policy advice groups,

and industry. Each of the panellists gave a
10 minute introduction leading to lively
exchange with Council members.
The pannelists were:
•• Ulrich Schubert, president of EuCheMS
•• Paul Hardaker, chief executive of the
Institute of Physics [IOP]
•• Katharina Flaig Ruttgers from Photonics21
•• Giorgio Rossi, a member of the management board of the European Strategic Forum for Research Infrastructures (ESFRI)
•• Elisa Molino, from IBM Europe
A summar y of the round table has been published in e-EPS:
www.epsnews.eu/2015/04/the-roundtable-on-influencing-eu-science-policyat-the-2015-eps-council-in-bad-honnef/

Presidential hand-over
EPS Council 2015 welcomed Christophe
Rossel as the incoming President of the EPS.
His term of office will run from April 2015
until Council 2017.
The EPS Council expressed its gratitude to
John Dudley, the outgoing President for his
hard work and dedication to the EPS. J. Dudley will continue on the Executive Committee
as EPS Vice-President until Council 2016.
In addition to C. Rossel and J. Dudley,
the Members of the Executive Committee are:
•• Angela Bracco
•• Lucia Di Ciaccio
•• Ari Friberg

•• Zsolt Fulop
•• Carlos Hidalgo
•• James Hough
•• Gerd Leuchs
•• Thomas Muller
•• Elisabeth Rachlew
•• Marian Reiffers
•• Sofoklis Sotiriou

Decisions
Council approved the nomination of Stefan Hell as an Honorary Member of the
EPS. (more information: www.eps.org/
directory/honorary-members)
Council approved the following individuals as fellows of the EPS:
•• Patrizio Antici
•• Alessandro Bettini
•• Harald Brune
•• Majed Chergui
•• Michel Spiro
•• Horst Stoecker
•• Victor Zamfir
Council approved the award of the Gero
Thomas Memorial Medal to Gerardo Delgado Barrio.

Invited Speakers
The recipients of the 2015 Edison Volta
Prize, Nazzareno Mandolesi, Jean Loup
Puget, Jan Tauber gave an invited talk to
Council Members. n
llDavid Lee,
Secretary General of the EPS

2015 EPS PLASMA PHYSICS DIVISION PRIZES
2015 Hannes Alfvén Prize
Nathaniel Fisch (Princeton University,
USA) “for his contributions to the understanding of plasma wave-particle
interactions and their applications
to efficiently driving currents with
radio-frequency waves”

2015 EPS Plasma
Physics Division PhD
Research Awards
• Bruno Albertazzi (LULI, FR) for his
PhD thesis on “Plasmas Lasers et
Champs Magnétiques”
• Joaquim Loizu (EPFL, CH) for his

PhD thesis on “The role of the sheath
in magnetized plasma turbulence
and flows”
• Michael Rack (Düsseldorf Univ., DE)
for his PhD thesis on “Influence of
resonant magnetic perturbations on
transient heat load deposition and
fast ion losses”
The prizes will be awarded at the annual conference of the Division to be
held in Lisbon (Portugal) at the end of
June (www.ipfn.ist.utl.pt/EPS2015/).
llSylvie Jacquemot
Chair of the EPS Plasma Physics Division
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NEWS Obituary

In memoriam:

George C. Morrison (1930-2015)
George Morrison, a leader of the international physics community, passed away on 2nd
March this year. In this short article I would like to express my appreciation and highlight
his outstanding contributions to physics over a long and distinguished career.

G

eorge was born on the 14th May
1930. He enrolled to read Mathematics and Natural Philosophy
at the University of Glasgow in 1947. His
interest in nuclear physics was fostered by
Philip Dee, then Head of Department, who
mentored him as he studied for his Ph.D.
He subsequently moved to the University of
Chicago before taking up an appointment
at the Argonne National Laboratory (ANL).
At Argonne he immersed himself in nuclear
structure research becoming a renowned
expert in nuclear symmetries, isobaric analogue states and light ion spectroscopy.

Nuclear Structure Committee and represented the UK on NuPECC (Nuclear Physics European Collaboration Committee),
an expert committee of the European Science Foundation.

Birmingham
In 1973 George returned to the UK to
take an appointment as Professor of Nuclear Structure Physics at the University
of Birmingham and leadership of its nuclear physics research group. He remained
group leader till he was promoted to Dean
of Science in 1988. From 1990 to 1995 he
served as Head of the School of Physics
and Astronomy.
When George arrived in Birmingham
it possessed a Radial Ridge Cyclotron producing polarised deuterium beams; polarised 3He beams followed shortly afterwards.
George led the development and exploitation of this facility and Birmingham soon
became a leading European centre for nuclear physics studies with polarised beams.
In the 1970s and 80s his research focus
switched to heavy-ion research using the
Harwell Variable Energy Cyclotron (VEC)
and later the Daresbury Nuclear Structure
Facility (NSF).
George was an enthusiastic member of
the UK Institute of Physics (IOP), where he
led its Nuclear Interactions Group. From
1984 to 1992 he represented this group on
conference committees, which later became
the IOP Nuclear and Particle Physics Division. He served on the UK Science and
Engineering Research Council, chairing its
08 EPN 46/3

In November 1996, around the time of
his retirement, George returned to Glasgow to give the “Dee Memorial Lecture”, in
honour of his early mentor. His topic was
“Natural Philosophy, Nuclear Physics and
National Prosperity” which he presented as
a valedictory lecture at the end of his professorial tenure. The transcript of this lecture
provides a glimpse of George’s education,
as well as a detailed history of UK nuclear
physics. At the end, George put forward
a prediction of topics which would soon
become very important in nuclear physics: radioactive nuclear beams; nuclear
astrophysics; challenges to nuclear physics
research; and the importance of “impact”
and “applications”.
Following his retirement, George continued to work as a Non-Executive Director of the Birmingham Children’s Hospital
NHS Trust.

The International Stage
George Morrison made major contributions to the work of the European Physical
Society and was instrumental in the setting
up of NuPECC, a body which has set the
agenda for nuclear physics research in Europe over the past quarter century.
In 1984 he was elected to the EPS Nuclear Physics Division where he provided
close liaison with IOP nuclear physics
committees. This two-way exchange of
information and ideas greatly benefited
both organisations. He was elected to EPS
Council in 1991 as a representative of Individual Members and became a member
of the EPS Executive Committee from 1994
to 1998. It is noteworthy that he was the
first representative of the Executive Committee who was elected through a spontaneous nomination by Council during one
of its meetings. Following his time on the
Executive Committee he took over as Scientific Editor of Europhysics News, continuing in this role until 2004. While editor, he
significantly changed the character of the
magazine, enhancing the science published,
and improved the layout and content. He
remained active on the editorial board
until 2012.
In recognition of his outstanding service he was awarded the honour of Fellow
of the European Physical Society “for his
contributions to the work of the EPS Council and his significant contributions to EPS
publications and communication policy.”
He was also awarded the EPS Gero Thomas
Medal for outstanding contributions to the
EPS in 2008.
NuPECC was set up to “strengthen European Collaboration in nuclear science
through the promotion of nuclear physics
and its trans-disciplinary use and application in collaborative ventures between
research groups within Europe and particularly those from countries linked to the
ESF”. Over the years NuPECC has produced

a series of “long-range plans” which have defined evolving objectives for world-leading research in the subject. George played a
central role in the establishment of NuPECC as described recently
[1]:
“The first attempt to establish a strong collaboration of nuclear
physicists in Europe was initiated in November 1980. A group of
nuclear physicists with vision approached the European Science
Foundation (ESF). On that occasion, George Morrison wrote: ‘As
a first step it was proposed to set up, under the aegis of the ESF, a
committee whose aim would be to survey present and planned activities in nuclear physics in Europe and to explore the possibilities for
and practicalities of closer collaboration within the nuclear physics
community. It would further be the task of the committee to set up
the terms of reference for a more permanent body that might serve
further efforts in nuclear physics.’”
Following George’s early efforts to promote European collaboration in nuclear physics, NuPECC was established shortly afterwards.

Personal Reflections
My own connection with George Morrison goes back to August
1982 when he was external examiner at my PhD viva examination.
In those days PhD theses were bound as a volume, with gold leaf
lettering, before the examination. The thesis defence was a very
serious matter, as corrections or alterations were difficult and expensive, and to be avoided at all costs. I remember that the discussions we had that day were forthright and robust on both sides.
Like George, I read Mathematics and Natural Philosophy at
the University of Glasgow before studying for my PhD in nuclear
physics. Throughout the early part of my career, I shared many
IOP meetings with George. Later I joined the European Physical Society and, following his footsteps, served the EPS Nuclear
Physics Division. Throughout, I found George to be an honest,
determined and knowledgeable physicist who put his service to
others as his first priority.
David Lee, EPS General Secretary, has a similar recollection
of George’s character: “I remember George as a dynamic and engaging individual. He was open and honest, and always said what
he meant. He had a charge-ahead attitude, and walking with him,
with his long stride, was a challenge; especially if I wanted to talk
to him at the same time.”
George is survived by his wife, Prudence, and three daughters,
Leslie, Vanessa and Nicola. He was a great man, a fierce debater
who achieved an enormous amount in his own right. However,
above all else he will be remembered for his leadership and the
opportunities he provided for others.
llDouglas MacGregor,

Chair EPS Nuclear Physics Division, School of Physics
and Astronomy, University of Glasgow

References
[1] “NuPECC: 25 Years of Achievements Inspiring the Future”, Juha Äystö et
al., Nuclear Physics News 24, vol.3, pp 3-17

EPS REPRESENTATION
IN BRUSSELS
Increasing the role of EPS in representing the interests of the European physics community and
influencing European science policies is one of the
main pillars of the presidency of Christophe Rossel.
Building on the work done by his predecessors, notably Luisa Cifarelli and John Dudley, C. Rossel has
begun to define the specific activities of the EPS.
The first action was to establish a physical
presence in Brussels. The EPS now has access to
dedicated office space and meeting rooms at the
headquarters of the Spanish Scientific Research
Council (CSIC) where the European Association
for Chemical and Molecular Sciences (EuCheMS)
is also present. Workshops and brainstorming
sessions can easily be planned in the centre of
Brussels, very close to the European Parliament.
A news service will be created, allowing EPS Divisions and Groups, and Member Societies to access
meeting space if needed.

Working through a new consultant on EU policy, Luc van Dyck, the EPS is planning activities
such as workshops and an exhibit at the EU Parliament. Luc is an expert in EU related policies and
programmes and will be very helpful in following
the debates in Brussels, identifying issues relevant for the physics community, producing and
disseminating information material.
Nevertheless not all activities of the EPS destined to raise its profile will be in Brussels. For example, the EPS will be active in the EuroScience
Open Forum, ESOF 2016, in Manchester, with
sessions initially planned on topics such as effective teaching and learning of physics, energy, and
worldwide planning of research infrastructures.
It is also important to note that in this context,
the International Year of Light, IYL2015, in which
the EPS has played a lead role, is an outstanding
initiative that contributes to increase the profile
of physics and photonics worldwide.
A meeting with Presidents of EPS Member Societies is planned in the autumn of 2015 in Brussels
to elaborate actions in more detail. n
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NEWS Prizes

Physicists who predicted the structure of the proton to be awarded

the prestigious EPS High Energy Physics prize
The 2015 High Energy and Particle Physics Prize of the European Physical Society has
been awarded jointly to five theoretical physicists:

J

ames D. Bjorken (SLAC National Accelerator Laboratory, Stanford, USA)
“for his prediction of scaling behaviour
in the structure of the proton that led to a
new understanding of the strong interaction”
and to Guido Altarelli (University of Roma
Tre, Rome, Italy and CERN, Geneva, Switzerland), Yuri Dokshitzer (Laboratory of
Theoretical and High Energy Physics, Paris,
France and St. Petersburg Nuclear Physics
Institute, Gatchina, Russia), Lev N. Lipatov
(National Research Center "Kurchatov
Institute", Petersburg Nuclear Physics
Institute, Gatchina, Russia) and Giorgio
Parisi (University of Rome, La Sapienza,
Rome, Italy) “for developing a probabilistic
field theory framework for the dynamics of
quarks and gluons, enabling a quantitative
understanding of high-energy collisions involving hadrons”.

J.D. Bjorken investigated the mathematical
properties of the scattering of highly energetic electrons off protons, the so-called
deep-inelastic scattering, in the hypothetical limit when the protons have infinite
momentum. He found that the structure
of the proton should then be independent
of the energy transferred from the electron,
as the quantity that determines the resolution scale. This property, called scaling behaviour of the proton structure, led him to
propose that the scattering of the electron
occurs on point-like constituents of the
proton, dubbed partons. His findings were
soon confirmed experimentally, and the
partons coincided with the quarks postulated earlier. These developments eventually
led to the construction of a quantum field
theory of the strong interaction: quantum
chromo-dynamics (QCD).

the proton, the equations derived in 1977,
called DGLAP evolution equations, describe
the QCD-induced variation of parton momentum distributions with the resolution
scale. Furthermore, they provide a physical
explanation of logarithmic deviations from
Bjorken scaling in terms of parton radiation prior to their violent interaction. The
QCD-improved parton model is a very successful framework that has been validated experimentally to high precision on a multitude
of experimental measurements. At present it
forms the basis of precise quantitative predictions of cross sections for scattering processes
at hadron colliders.As such it is a cornerstone
of the interpretation of all measurements at
the Large Hadron Collider, including not only
processes with already known particles in the
final state but also searches for new particles,
such as the Higgs boson discovered in 2012.

The award ceremony will take place at
the EPS-HEP 2015 conference in Vienna
(http://eps-hep2015.eu/) on 27 July.
In the quest for understanding the deep
structure of matter, it was clear by the
end of 1950s that the nucleus consists of
smaller constituents, protons and neutrons,
called nucleons. It was also proposed that
these particles were in fact composite, and
made of smaller particles called quarks.
However, physicists had no idea of how to
observe these smaller pieces, nor did they
have a theory that could consistently describe their dynamical properties. In 1968,

The resulting parton model introduces
probabilistic momentum distributions for
partons (duly identified as quarks and the
gluons that bind them) inside the proton.
Collisions involving energetic protons are
described by elementary collision processes
with partons in the initial state. A consistent
formulation of this parton-model picture in
the context of QCD perturbation theory was
achieved in 1977 by G. Altarelli and G. Parisi,
as well as independently by Y. Dokshitzer who
built on earlier work of V.N. Gribov and L.N.
Lipatov. Although physicists are still not able
to compute the momentum distributions in

Yves Sirois (École Polytechnique Paris), the current secretary of the EPS HEPP
Board, said, “This prize recognizes essential theoretical contributions that paved
the way to the modern understanding of
scattering processes involving hadrons, allowing ultimately to interpret the data of
many generations of leading experiments
at HERA, the Tevatron, and the LHC colliders in terms of the fundamental processes
involving quarks and gluons”. n
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llThomas Lohse,
chair of the EPS-HEPP Board
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NUCLEAR PHYSICS

Accurate dating requires
calibration down to the last ion
A new solution accurately counting the exact amounts of
ions from laboratory radiation exposure helps to simulate the
natural radiation of quartz samples used for thermoluminescence dating.
Thermoluminescence is used extensively in archaeology and
the earth sciences to date artefacts and rocks. When exposed to
radiation quartz, a material found in nature, emits light proportional to the energy it absorbs. Replicating the very low dose
of background
radiation from
natural sources present in
quartz is a key
precondition
fo r p r e c i s e
m Illustration of the
experimental setup
and accurate
used for calibrating
dating results.
irradiation.
The authors
have now developed a method to control the accuracy of the
dose calibrations delivered to the samples during laboratory
irradiation with heavy particles, replicating natural radiation
exposure. Using oxygen and lithium ions from the Tandem
accelerator at INFN LABEC in Florence, they found that their
measurements were accurate to within 1%, despite large fluctuations in the irradiation beam. n

tension at the nanometre scale, for which theory and experiments suggest a high length-scale sensitivity. However, various
previous computer simulations found little evidence for this
and reached contradictory conclusions.
. A planar liquid–vapour interface (highlighted) looks diffuse and fuzzy at the

molecular scale. This highly non-uniform distribution of particles is caused
by thermal fluctuations, the spectrum of which is described by a wavelengthdependent surface tension.

In this work the authors re-open the case and present a fresh
view on fluid interfaces by combining high-performance simulations with proposing a new way of analysing X-ray scattering
(GISAXS) experiments. They discover an unexpected dependence of the surface tension on temperature and wavelength,
with possibly far-reaching implications for nanoparticle probes,
wetting films, and droplet nucleation. The new insight was
achieved by utilising novel accelerator hardware, which provides an energy-efficient platform for massively parallel computing and boosts the new supercomputer “Hydra” of the Max
Planck Society. n

llL. Palla, C. Czelusniak, F. Taccetti, L. Carraresi,

ll F. Höfling and S. Dietrich,
'Enhanced wavelength-dependent surface tension of
liquid-vapour interfaces', EPL 109, 46002 (2015)

L. Castelli, M.E. Fedi, L. Giuntini, P. R. Maurenzig,
L. Sottili, and N.Taccetti,
'Accurate on line measurements of low fluences of
charged particles', Eur. Phys. J. Plus 130, 39 (2015)

MATERIAL SCIENCE

Rodeo in liquid crystal
LIQUID PHYSICS

Advanced simulations
shed light on fluid interfaces
Any piece of liquid matter requires confinement by solid or
fluid boundaries. The simplest case is the interface between
liquid and its corresponding vapour. This is subject of ongoing
research, pioneered by the Dutch physicist van der Waals 120
years ago. One long-standing problem is about the surface

Scientists have achieved an unprecedented level of control over
defects in liquid crystals that can be engineered for applications
in liquid matter photonics.
Sitting with a joystick in the comfort of their chairs, scientists
can play “rodeo” on a screen magnifying what is happening under their microscope. They use very strong laser tweezers to locally melt the liquid crystal into a phase where the molecules are
oriented in all directions, encircling one part of the fibre. They
subsequently switch off the laser light, resulting in molecules
reverting back from being oriented in all directions to being
parallel to each other, creating several pairs of defects—akin to
EPN 46/3 11
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m Supersymmetric grating that realizes a frequency comb transmission filter.

m Binding of a dipolar microsphere with a point monopole on a fiber.

localised disruptions of the crystal’s ordering field—forming a
ring. The defect ring is used as a non-material "rope" to entangle
and strongly bind a microsphere and long fibre of micrometric
diameter. The results of this work have been published recently
by the authors. They believe that their findings could ultimately
open the door to controlling the flow of light using light of a
specific frequency in the Gigahertz range in liquid crystal photonic microdevices. n
llM. Nikkhou, M. Škarabot and I. Muševič,
‘Topological binding and elastic interactions of
microspheres and fibres in a nematic liquid crystal,'
Eur. Phys. J. E 38, 23 (2015)

OPTICS

Supersymmetry unveiled
in periodic optical media
Supersymmetry (SUSY) was conjectured in quantum field theory as a means to unify bosons and fermions. While SUSY would
be helpful in solving paradoxes such as the cosmological constant problem, its evidence in particle physics remains elusive.
However, SUSY can be applied to other areas of physics, ranging
from quantum mechanics to optics.
Supersymmetric optics is a recent and promising research
field. It enables to synthesize dielectric media with target scattering properties and with less stringent material requirements
than e.g. metamaterials synthesized by transformation optics.
SUSY optical structures can realize efficient mode conversion, spatial multiplexing, transparent interfaces and optical
intersections.
In this work, the author has now disclosed the SUSY property of periodic optical media. SUSY in grating structures can
find important applications to the synthesis of Bragg filters and
distributed-feedback optical cavities. For example, the author
describes how multiple SUSY can be used to design frequency
comb transmission filters (see Figure).
Optical SUSY in periodic media is a powerful design tool
that can be extended to include gain and loss, i.e. distributed
12 EPN 46/3

feedback lasers, as well as optical media with parity-time (PT)
symmetry. n
llS. Longhi,
'Supersymmetric Bragg gratings', J. Opt. 17, 045803 (2015)

QUANTUM PHYSICS

Pionic-Hydrogen Atom and
Quantum Chromodynamics
Analogous to the vast amount of knowledge acquired on the
electronic hydrogen atom over the last century as a probe of
Quantum Electrodynamics, hadronic physics is using “pionic
hydrogen” - a hydrogen atom where the electron is replaced
by a negatively charged pion - as a laboratory for investigating
. Spectrum of the simultaneous measurement of the πH(3p-1s) and the π

16
O(6h5g) transitions (top). Energy shift of the ground state at various H2 density (solid
diamonds), the open diamond represents the previous experiment.

from european journals HIGHLIGHTS

Quantum Chromodynamics (QCD). The small Bohr radius of
pionic hydrogen offers a large sensitivity to the strong pion-proton interaction, leading to an energy shift compared to the
ground state energy if only the electromagnetic interaction is
considered. The precise determination of this shift provides a
benchmark of our understanding of the strong interaction from
basic principles in QCD. To this end an exquisite experiment
was devised and performed at the high intensity, low energy
pion beam at the Paul Scherrer Institut using the cyclotron trap
and an ultimate resolution Bragg spectrometer leading to an
impressive four fold improvement compared to the previous
best measurement as shown in the figure. n

nm grains can yield a more than five times enhancement in
the thermoelectric figure of merit, since the grain boundaries
scatter phonons more significantly than electrons due to their
different MFP distributions. This work provides new fundamental insights by quantitatively revealing the disparity in electron
and phonon MFP distributions from first principles. n
llB. Qiu, Z. Tian, A. Vallabhaneni, B. Liao, J.M. Mendoza,

O.D. Restrepo, X. Ruan and G. Chen,
‘First-principles simulation of electron mean-free-path
spectra and thermoelectric properties in silicon', EPL 109,
57006 (2015)

llM. Hennebach et al. (+14 co-authors),
'Hadronic shift in pionic hydrogen', Eur. Phys. J. A 50, 190 (2014)

MATHEMATICAL MODELING

CONDENSED MATTER

Disparity in electron and phonon
mean-free-paths

Novel high-power
microwave generator
A new study explores the viability of a novel structure to be used
as a component of a high-power microwave source, designed to
transfer energy to targets via ultra-high-frequency radio waves.
High-power microwaves are frequently used in civil and
military applications. In a new study the authors demonstrate
that their proposed novel method, which is capable of producing such microwaves, offers a viable alternative to traditional
approaches.
To generate such high-power microwaves, researchers rely
on devices referred to as backward wave oscillators, which are
designed to transform the energy of an intense electron beam
propagating in a slow electro-dynamic structure—SWS—into
electromagnetic radiation at microwave frequencies.
Metallic cylinders with a sinusoidally shaped, periodically
corrugated inner wall are being extensively used as SWS. But
they are difficult to manufacture. Now, the authors propose an
alternative shape of the SWS, in the form of a novel semi-circular

m Electrical and lattice thermal conductivity accumulation with respect to the

mean free paths (MFPs).

. Axial profile of the axisymmetric semi-circular structure to be used as a slow

wave structure in backward wave oscillators

There has been intensified interest in high performance thermoelectric materials in the last two decades, largely owing to
the nanostructuring approaches that significantly reduce heat
leakage by phonons. A condition for the nanostructuring approaches to be effective is the phonon mean free path (MFP)
much longer than that of electrons so that phonons are more
frequently scattered at the interfaces. While there has been a
recent significant progress in the first-principles understanding
of phonon MFP spectral distributions, the spectral distribution
of electron MFPs remains unknown.
In this work the authors compute from first principles the
energy-dependent electron scattering and MFPs in silicon. They
show that electrons and phonons have very different MFP distributions with phonon MFPs significantly longer than those
of electrons. The authors show with a model that silicon 20
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structure and prove it is a viable alternative for generating
high-power microwaves. n
llMd. Ghulam Saber, R. Hasan Sagor
and Md. Ruhul Amin,
'Numerical study of the dispersion characteristics of a
semi-circularly corrugated slow wave structure', Eur. Phys.
J. D 69, 38 (2015)

PLASMA PHYSICS

The new frontier
in plasma medicine
Data on the transport of electrical charges in water vapour provide the key ingredients to new plasma models applicable to
medicine. Applications of plasmas in medicine are a new frontier
in therapeutic treatment. For example, they can help in stimulating tissue regeneration in the contexts of wound healing
and dermatology. Before these and further applications can be
developed, it is essential to understand the processes at work in
plasmas—a unique kind of gas-like state of matter containing
charged particles. Now a study published by the authors provides previously unavailable data on oxygen ion transport and
the likelihood of such ions interacting with water molecules.
These could contribute to new models of plasmas in liquids
which account for how discharges are created in water vapour.n

THEORETICAL PHYSICS

Subtracted dispersion
relation estimate of
two-photon exchange
Elastic electron-proton scatterings (with one-photon exchange)
have always provided fundamental information on general
properties of the proton. Recently, two experimental approaches, with and without polarized protons, gave strikingly different
results for the electric over magnetic proton form factor ratio.
Similarly, a mysterious discrepancy (“the proton radius puzzle”)
has been observed in the measurement of the proton charge
radius in different experiments, one of which is electron-proton scattering. Two-photon exchange (TPE) contributions have
been proposed as a plausible solution to resolve the puzzles,
but their estimates have strong model dependences. A quantitative understanding of TPE effects, based on general principles
and avoiding model dependences, is necessary. A subtracted
dispersion relation formalism for the TPE has been developed
and tested. Its relative effect δ2γ on the elastic cross section is in
the 1-2 % range for a low value of the momentum transfer Q2
as function of the kinematic parameter ε, ranging between ε =
0 (backward scattering) and ε = 1 (forward scattering).

llV. Stojanović, Z. Raspopović, D. Marić
and Z. Lj. Petrović,
'Cross sections and transport of O- in H2O vapour at low
pressures', Eur. Phys. J. D 69, 63 (2015)

. Likelihood that negatively charged oxygen ions will demonstrate scattering in

water vapour based on experimental results.

m Subtracted DR prediction for the elastic cross section. The subtraction constant,

denoted by ε0, is fitted to data (blue band from the A1@MAMI Coll).

Summarizing, the paper studies in a theoretical framework
which minimizes the model dependence, the TPE contributions
to electron-proton scattering, a precision experiment crucial for
measuring the most fundamental proton properties. n
llO. Tomalak and M. Vanderhaeghen,
‘Subtracted dispersion relation formalism for the
two-photon exchange correction to elastic electronproton scattering: Comparison with data', Eur. Phys. J. A 51,
24 (2015)
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BURSTING MONEY BINS
THE ICE AND WATER STRUCTURE
Franco Bagnoli – franco.bagnoli@unifi.it – DOI: 10.1051/epn/2015301
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In the classic comics by Carl Barks, “The Big Bin on Killmotor Hill” [1], Uncle
Scrooge, trying to defend his money bin from the Beagle Boys, follows a suggestion
by Donald Duck, and fills the bin with water. Unfortunately, that night is going be the
coldest one in the history of Ducksburg. The water freezes, bursting the "ten-foot
walls'' of the money bin, and finally the gigantic cube of ice and dollars slips down
the hill up to the Beagle Boys lot.

T

hat water expands when freezing is a wellknown fact, and it is at the basis of an experiment that is often involuntary performed
with beer bottles in freezers. But why does the
water behave this way? And, more difficult, how can one
illustrate this phenomenon in simple terms?
First of all, we have to remember that the temperature is related to the kinetic energy of molecules, which
tend to stay in the configuration of minimal energy. In

general, if one adopts a simple ball model for atoms, the
configuration of minimal energy is more compact than
a more energetic (and thus disordered) configuration.
But this is not the case for water.
Indeed, water molecules resemble the head of Mickey
Mouse (see Fig. 1), the two hydrogen atoms being the ears.
It is difficult to draw the crystal structure of water, since
it is intrinsically three-dimensional, but one can make
use of the "Mercedes Benz'' model [2].
EPN 46/3 15

FEATURES Bursting Money Bins

In this model, the water molecules are represented as
hydroxygen
the famous Mercedes-Benz symbol (see Fig. 2), and the The water molecule resembles
(positive)
Mickey Mouse head
minimum energy is obtained when two spikes join (an
unoriented version of the hydrogen bond). It is not difficult to make some cardboard Mercedes-Benz molecules
and let people play with them.
By means of this model it is now easy to illustrate that
Oxygen
the minimum energy configuration contains a lot of "void''
(negative)
(see right-hand side of Fig. 3), and this explains the lower
Water molecules lower energy by arranging themselves ear-chin
density of ice with respect to water. It may also serve to
(hydrogen bond), but the complete configuration (ice) is only possible in three dimensions
illustrate the phenomenon of regelation (melting under
pressure and freezing again when the pressure is reduced).
Mercedez-Benz Water Molecule
However, in order to have a stable ice structure, we first
m FIG. 1:
A
Schematic
have to reduce the kinetic energy of water molecules, and
representation
Hydrogen bonds
then remove also the difference in energy from the Van
of the water
(not oriented)
der Waals to the hydrogen bonds, i.e., we have to extract
molecule
heat. In macroscopic terms, the first is called the heat
capacity of water (specific heat: C = 4.187 kJ/kg K), and
the second the latent heat of melting (I = 334 kJ/kg). If
one wants to further lower the temperature of ice, one has
c FIG. 2:
Water molecules
also to extract the energy corresponding to the specific
in the Mercedesheat of ice (2.108 kJ/kg K).
Benz model
In Carl Barks’ comics, Uncle Scrooge often states that
his money bin is “three cubic acres big”, which is obviously
nonsense, because the acre is a surface unit. If we assume
that each face of the cube is an acre (around 4,000 m2),
. FIG. 3:
Water and ice
we have a side of about 60 m, and a volume V of about
in the Mercedes200,000 m3. I was unable to find the density of a random
Benz model
Van der Waals interactions
packing of coins (it seems that only spheres and M&M’s
have been studied [3]), so I arranged a small experiment
with 174 ten cents coins. The resulting packing density is
about 0.55, much less than spheres (0.64), but there are
pronounced finite-size effects1. The total amount of water
is thus W = 0.45×2×105×103 = 9×107 kg. Assuming that
initially the money bin (and the water inside) is at T =
10°C, the total amount of heat to be removed to obtain
ice at 0°C is W × (C × T + I) = 3.4×1013 J if we disregard
the heat capacity of coins – that of copper/brass is a mere
0.4 kJ/kg K – and that of the walls, about 0.8 kJ/kg K. If
the freezing occurs in, say, 5 hours, this means a cooling Liquid water
Ice
capacity of 113 GW! Indeed, to freeze water is not an
easy task, and it is a common practice to put cans full of
water near fruit trees in order to protect them from frost.
Finally, we close with a challenge: what is the temper1
ature at the bottom of the sea?2 n
This allows us to compute how rich Scrooge McDuck is. The volume of a 1 dollar

References
[1] http://coa.inducks.org/story.php?c=W+WDC+135-02 (1951).
Available online on http://it.paperpedia.wikia.com/wiki/File:Big_bin_on_killmotor_hill.pdf
[2] K.A.T. Silverstein, A.D.J. Haymet, K.A. Dill, J. Am. Chem. Soc. 120,
3166 (1998).
[3] A. Donev, I. Cisse, D. Sachs, E.A. Varano, F.H. Stillinger, R. Connelly, S. Torquato, P.M. Chaikin, Science 303, 990 (2004).
16 EPN 46/3

coin is about 1.1 cm3, and considering a 0.55 packing density it occupies an average
volume of 2 cm3. Dividing V by this number we obtain about 1011 dollars, one hundred thousand millions or one hundred billions.
2
Let us first analyse the case of fresh water (a deep lake). The maximum density of
water, according to our model, is somewhat above zero (in real water it is about
4 °C). Below this temperature, ice-like structures (ruled by hydrogen bonds) are
common, lowering the density towards that of ice. Above this temperature the Van
der Waals interactions dominate and the water behaves more like a "standard'' liquid.
In the presence of salt things change a bit, the freezing point lowers and so does the
maximum water density. So the bottom of the ocean is about 3 °C.

[Crossing borders]
by Herman C.W. Beijerinck
Eindhoven University of Technology, Eindhoven – The Netherlands
herman@beijerinck.eu – DOI: 10.1051/epn/2015302

It’s all about trust…

I

n 1932 the banks in the
United States were in real
bad shape! The 1929 crash
of the stock market, the lack
of boundaries between traditional
loan and savings banks on one hand
and banking with a rather speculative character on the other, plus the
resulting massive unemployment
and reduction in industrial productivity had rolled over society.
Savings had been withdrawn from
banks and stashed in old socks and
mattresses. The election of Franklin D. Roosevelt made a difference:
after a compulsory bank holiday of
eight days and a rallying fireside radio talk, he explained the important
role of regular banking in simple
phrasing and reestablished the trust
of the general public. The next day,
the public emptied their stash and
deposited the money back in their
bank accounts. Passing the GlassSteagall act1 in 1933 and establishing
the FDIC ruling did the rest.
What can we learn from these
events as scientists? A century ago,
science at large was a field enjoying
high esteem. Some of our fellow scientists had a close-to-rock-star status,
just think of Marie Curie and Albert
Einstein. When did we lose this revered status and end up in discussions
where our sacred scientific integrity is
juggled around by the public? Creation versus evolution is one subject,
global warming is another that should
be without any doubt. Both are subjects that are essential for our human
future. This distrust of science is detrimental for future developments, for
instance in the fields of biochemical
and genetic engineering.

Scientific integrity is at the basis
of public trust. We cannot compromise on this cornerstone of science.
Still we see it happening, again and
again. We see scientists yielding to
the enormous pressure of publishing, afraid to fall off the straight wire
and perish in the funding circus. We
write too much, we read too little.
Counting publications is easier than
really evaluating a proposal.
With Franklin Roosevelt we have
seen that reestablishing trust is the
most important step for changing
public opinion on essential topics.
How can we do this in physics in
particular and science in general?
First we have to deflate our egos.
Is a student well served by being
part of a highly successful team? In
many cases the answer is no. Second we have to rethink our own
role in understanding, discussing,
and thus checking the output of
our research. Ranking 30-something
research proposals in four hours is
not the best way to understand the
basics. We capture the sound bites;
we rank the status of the team, and
take a look at the list of publications.
We are not proud of this approach,
we rarely talk about it, but we all do
it in this way.
After 42 years in academia I still
believe in a really high degree of scientific integrity in the scientific community. I have been member of the
university’s committee on scientific
integrity and relished its excellent
role as a watchdog. I have learned
that scientific integrity can be hurt
by our non-ideal, evolutional human
1

nature. Lack of scientific integrity is
not the work of ‘bad guys’ but the result of the too important role of our
monkey brain with its alpha-male
behaviour.
The essential elements for keeping science in check are day-to-day
openness in the lab, absence of unconditional respect for your advisor,
an open department where students
are free to voice their concerns when
necessary, and no prejudice in handling cases where students and advisors disagree. Let us admit that
students do all the work and thus
are highly knowledgeable about
what is going on. Infamous cases in
The Netherlands – not in physics –
have shown that a biased analysis
and/or manipulation of data by the
advisor himself were at the basis of
scientific fraud.
So much about avoiding fraud,
but how do we promote trust in the
final result of solid scientific integrity? Who is our Franklin Roosevelt?
The answer lies in eloquence, the
forgotten art of expressing complex
things in simple terms. We all know
the Nobel Prize winner who loses
out on his audience after three minutes. Eloquence lies in maturity and
is well learned in passionate teaching. Even a single well-spoken president of the Academy of Sciences can
make a pronounced difference, as we
have experienced in The Netherlands. Investing in excellent teaching
is a two-sided sword: well-trained
students and the required outreach
to the general public.
Can we wish for more?

http://en.wikipedia.org/wiki/Glass–Steagall_Legislation
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ll

llDepartment

of Physics and Research – Laboratory of Electronics – Massachusetts Institute of Technology – Cambridge, MA, USA

A photon, the constituent particle of light, carries only a tiny amount of energy. Furthermore
photons do not interact with one another in vacuum, and generally only very weakly in
optical media. Nonetheless, it has recently become possible for a single photon to switch on
or off hundreds of other photons, or to generate entanglement between thousands of atoms.
m A single photon can

generate quantum
correlations (entanglement) between
several thousand
atoms.
© Jose-Luis Olivares

P

hotons come in many beautiful colors and are
very useful for transmitting information with
little loss over large distances. However, photons are also a little boring: they essentially do
not interact with one another. This absence of interactions, or equivalently, the linearity of the optical response,
is what allows one to send powerful optical pulses over
large distances through optical fibers without much signal
distortion. It is also what makes photons good carriers
of quantum states, that can be encoded in the photons’
polarization, frequency, or time of arrival.

Quantum nonlinear optics
On the other hand, nonlinear optics is arguably much
more interesting than linear optics. In nonlinear optics it
is possible, e.g., to convert a light beam of one frequency
. FIG. 1: Atom-light interaction. The interaction probability of an atom with a photon traveling in a laser

beam is given by the ratio of the atomic cross section σ and the beam area A. While the atomic cross
section σ can be of order of the optical wavelength squared, λ2, optical diffraction prevents the laser beam
from being focused to an area less than λ2. (This is the same effect that limits the resolution of optical
microscopes.) Therefore the atom-photon interaction probability in free space is (much) less than one.
The interaction probability can be made to approach unity by placing mirrors around the atoms, such that
a photon bouncing back and forth between the mirrors has many chances of interacting with the atom.
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into a beam with exactly twice the frequency. However,
even in what are considered strongly nonlinear optical
media, a very large number of photons is required to
generate an appreciable nonlinear signal. The weakness
of optical nonlinearities is illustrated [1] by the fate of
the first paper reporting optical frequency doubling: the
reported signal was removed by the copy editor because
he mistook it for a dust speckle!
Building on those first controlled experiments in nonlinear optics, it took researchers another half century to
access a regime one may call quantum nonlinear optics
[2]. In this regime the optical medium is so strongly nonlinear that it responds differently to two incident photons
as compared to one incident photon [3-5]. This regime
offers highly complex many-body phenomena similar to
the ones that make condensed matter physics so interesting (and its theoretical description so challenging). Strong
quantum optical nonlinearities can also enable a variety of
applications, where individual photons control much larger
systems, such as an all-optical transistor where a single
photon controls another, much stronger light beam [4-6].
How can strong, deterministic interactions between
individual photons be experimentally realized? In standard materials, the nonlinear response becomes observable
when the electric field of the laser beam is sufficiently
strong to appreciably displace the electron in the Coulomb field of the nucleus, leading to an anharmonic
electron response. However, this regime requires strong
light fields containing many photons. To reach the quantum nonlinear regime, one must instead make use of the

Little Big Photon FEATURES

graininess of matter, or equivalently, the fact that one
atom can only absorb one photon at a time. Two photons
then interact with one another because the first photon
modifies the atom’s state, and hence the atom’s response
to the second photon.
What, then, is the limit to the interaction of one photon with one atom? The basic situation is depicted in
Figure 1: A weak light beam is focused onto an area A
containing an atom with absorption cross section σ. The
interaction probability between a photon in that beam
and an atom is then simply given by the ratio of areas
σ/A. Note that for a strong atomic transition the atom’s
absorption cross section can be on the order of the optical
transition wavelength squared, λ2, which is several orders
of magnitude larger than the geometric size of the atom:
The atom constitutes a perfect antenna. Nonetheless, the
diffraction limit for focusing light in free space imposes
a minimum on the beam area of A>λ2, so that the interaction probability σ/A between an atom and a photon
is less, and typically much less, than unity. The largest
reported value in free space is σ/A≈0.1 [7].
The situation can be improved by placing a resonant
optical cavity around the atom, such that the photon traverses the plane containing the atom many times [8,9]. In
this case the interaction probability can approach unity,
i.e., the atom can be made to absorb the photon with near
certainty. Once the atom has absorbed the first photon, it
is in an excited state, and cannot absorb a second photon.
Thus the absorption of the second photon is conditioned
on the presence or absence of the first photon. If one
detunes the second photon from atomic resonance, such
that the atom constitutes a transparent medium with an
index of refraction, one can similarly condition an optical phase shift experienced by the second photon on the
presence of the first photon [10].
In practice, one does not use an electronic excited state
of the atom because it is typically much too short lived.
Rather, the first photon transfers the atom from one stable
ground state (g) to another stable state (s) via an excited
state (d) with the help of an additional (control) laser
beam (see Figure 2b). This process, called electromagnetically induced transparency (EIT) [11], is highly interesting in its own right, as inside an atomic ensemble the
light then travels very slowly. EIT allows one not only to
dynamically control the speed of light in the medium, but
also to reversibly store light in the medium, and retrieve
it at a later time. For every photon stored in the medium,
one of the atoms in the ensemble has been transferred
from the state g to the state s.

All-optical transistor controlled
by a single stored photon
Using these principles it is then possible to realize an
all-optical transistor that is controlled by a single stored
photon: Consider a situation where an ensemble of

m FIG. 2: All-optical switch and transistor operated with one stored photon. (a) Setup and (b to d) atomic

level scheme with experimental sequence. An ensemble of laser-cooled cesium atoms is trapped inside
an optical resonator. (b) A gate photon is stored in the atomic medium, corresponding to the transfer of
one of the atoms to the state |s . (c) This collective excitation blocks the transmission of source photons
through the cavity and (d) can be retrieved later in the gate mode. (e) Cavity transmission in the presence
of stored gate photons for mean stored gate photon number ng = 0, 0.4, 1.4, and 2.9 (top to bottom).
(f) Cavity transmission for ng = 0.5 stored gate photons. The horizontal axis indicates the detuning
of the source beam from the cavity resonance, and the vertical axis indicates the number of detected
transmitted source photons. The color indicates the occurrence rate of a particular detected transmitted
source photon number for a given source-cavity detuning. The histogram displays a clear separation
between the zero-gate-photon component ng = 0 with high cavity transmission, and the component
ng = 1 leading to cavity blocking, thus directly showing the quantization of the gate light field.
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atoms with two stable ground states is used to store a
very weak incoming laser pulse containing on average
less than one photon (Figure 2 b-d). Some of the time
the incoming laser beam will contain no photons, and
all of the atoms will remain in the state g. However, if
the incoming beam does contain a photon, then this
photon will be stored as a state of the atomic ensemble
where one of the atoms has been transferred to the state
s. Now consider the case where this ensemble is located
inside an optical cavity that is made resonant with an
optical transition connecting s to an excited state e (Fig.
2a). The atom in s then acts as an absorbing medium
that prevents the cavity of filling up with input light
that is applied to the cavity. Thus in the presence of a
stored gate photon (i.e., an atom in the state s), a source
beam incident onto the cavity is reflected off the input
mirror of the cavity, while in the absence of a stored
gate photon the source beam is transmitted through
the (empty) cavity. This idea constitutes the essence of
an all-optical transistor that is controlled by a single
stored gate photon [6].
In the experiment, the average transmission through the
cavity (shown in Fig. 2e as a function of the detuning of the
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signal light from the cavity resonance) decreases smoothly
with the average photon number in the gate pulse. However, if one plots a histogram of the transmitted photon
number, rather than the average transmission (Fig. 2f),
it becomes evident that the average transmission is due
to two well-separated components: a high-transmission
regime corresponding to the empty cavity with no gate
photons having been stored, and a regime with a tenfold
reduced transmission corresponding to a stored gate photon. The quantization of the photon number in the stored
gate pulse, or equivalently, the discrete nature of the optical
excitation in a medium consisting of individual atoms, is
directly visible in the histogram of the cavity transmission.
One finds that a single stored gate photon can block the
transmission of hundreds of source photons [6]. Using a
different technique, the direct interaction between atoms
containing stored photons, the blocking of the transmission of tens of photons has also been demonstrated [4,5].

Generating entanglement between
many atoms with a single photon
A single photon can not only switch on or off hundreds
of other photons, it can also create strong entanglement
between thousands of atoms [12]. The basic idea is shown
in Fig. 3. An ensemble of 3000 laser-cooled atoms, each
carrying a spin 1, is trapped inside an optical resonator.
Initially, each atom’s spin state is independent of the state
of the other atoms, and all atomic spins are pointing in
the same direction. Thus the N-atom ensemble is in an
unentangled state that can be described as a large spin
S=N on a sphere. If each atom is prepared such that its
spin is pointing along the x axis, then the collective large
spin vector also points along the x axis. In this situation, if
a measurement of the spin along the z axis is performed,

then on average an equal number of atoms is found pointing along the positive and negative z directions. However,
in any particular realization of the spin measurement
along z, there are fluctuations in the distribution, since
any atom can be found with equal probability in the states
up or down. These fluctuations, that scale with the square
root of the particle number, have a Gaussian probability
distribution about the mean direction (see Figure 3).
In order to create quantum correlations (entanglement) between the atoms, the atoms must communicate with one another. It turns out that non-classical
correlations between several thousand atoms can be
accomplished using just one photon that is transmitted through the ensemble and interacts with all atoms.
The principle is as follows: The atoms are confined in an
optical resonator to enhance the light-atom interaction.
When linearly polarized light (v) is incident onto the
ensemble, then atomic spin quantum noise leads to a
small random Faraday rotation that is correlated with
the z component of the atomic spin. In particular, when
the atomic spin points exactly along the equator of the
Bloch sphere, then the linear polarization is not affected.
However, whenever the atomic-spin noise points a little
away from the equator, a small Faraday rotation leads to
a finite probability for observing a transmitted photon
with orthogonal polarization (h). Whenever this photon
is detected, we know that the atomic spin state must be
pointing away from the equator. Surprisingly, such a detection event projects the atoms into a strongly entangled
state with a doughnut-shaped probability distribution
(see Figure 3). This quasi-probability distribution (a socalled Wigner distribution) has a negative value in the
middle, which is a strong signature of non-classicality.
The doughnut shape means that the collective atomic

c FIG. 3: A single photon generating an entangled state of almost 3000 rubidium atoms. The laser-cooled atoms are trapped inside an optical resonator that

enhances the interaction between the atomic ensemble and light. The atoms are prepared in a superposition of two spin states with their spin aligned along
x and are initially uncorrelated. An incident vertically polarized photon entering the resonator from the left experiences a weak polarization rotation due to
atomic spin quantum noise along the z direction, and the detection of a horizontally polarized transmitted photon heralds an entangled state of collective
atomic spin. The Bloch spheres show the ideal Wigner distribution functions for the collective spin S upon registering the corresponding single-photon detection
events. When the detector for horizontal polarization registers one photon, the state of 3000 atoms is projected into a strongly entangled state with a negative
Wigner function (blue area), a strong signature of non-classicality. Inset: Zoom-in on experimentally attained Wigner function for 3000 atoms.
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spin is never found pointing towards the equator of the
sphere, not even after having been rotated by an arbitrary
angle about the x axis [13]. This is impossible to achieve
with a classical probability distribution of spin directions.
Notably, the measurements also show that a record
number of 2800 atoms, over 90% of the ensemble must
be mutually entangled with one another [12]. While a
single photon cannot possibly “flip the spin” of many atoms, the information gain associated with the detection
of just one photon can still drastically change the state of
the macroscopic atomic system: With judicious control,
even a little photon can have a big impact. n
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THE NETHERLANDS’
PHYSICAL SOCIETY, NNV
A VIBRANT COMMUNITY OF 4000 PHYSICISTS1
Jan van Ruitenbeek – DOI: 10.1051/epn/2015304

ll

llpresident

of the Netherlands’ Physical Society

It was a lively conference, the annual meeting of the Netherlands’ Physical Society
(Nederlandse Natuurkundige Vereniging, NNV) on April 10 at Eindhoven
University of Technology. In addition to the plenary morning sessions and
six parallel sessions in the afternoon, there were award ceremonies for the
Teacher of the year and for the best Bachelor thesis, a Young Speakers Contest
and a Physics Market. And the 2015 winner of the prestigious Physica award,
Marileen Dogterom, delivered the Physica lecture. But what precisely is the NNV?
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hysical societies haven been founded in other
countries well before the NNV: the Deutsche
Physikalische Gesellschaft (DPG) started as
early as 1845, the British Physical Society (now
called IOP) in 1874, and the American Physical Society
(APS) in 1899. At the turn of the century the Netherlands witnessed a blooming period in physics, with important discoveries by Lorentz, Zeeman and Kamerlingh
Onnes, among others. The community of physicists grew
rapidly, in numbers as well as in diversity. Many found
employment in education, others in industry. This led
to the need to maintain contact and to create a platform
for discussions.
In 1921 the NNV was founded on the initiative of a
distinguished group of physicists, among which three
Nobel prize winners (H. Kamerlingh Onnes, H.A. Lorentz, P. Zeeman) and the director of Philips Research
Laboratories, Dr. G. Holst. The role of Philips in these first
years was quite prominent. In 1913 the Philips brothers
had created a laboratory, the “Philips Natuurkundig Laboratorium”, and Gilles Holst (who did the experiments
with Kamerlingh Onnes that led to the discovery of superconductivity) was the first director of the laboratory.
He became NNV’s first president.
The society started with 40 members, and initially had
the character of a debating club. The members met once
a month on Saturdays to attend a lecture, after which
the company joined for a meal. Even so, the NNV was
influential in reforming the physics programme in high
schools, and served as contact and partner for international organizations.
Just before the NNV was founded, the Dutch physics
journal Physica, Nederlands Tijdschrift voor Natuurkunde
was established in 1921. The journal published both news
items relevant for the Dutch community and scientific
articles. The standard language was Dutch, but summaries were given in English, French, German or Esperanto,
and contributions in these other languages were invited.
However, after the first decade the journal was struggling
to survive.
In the 1930s, political developments in Germany made
it impossible for Jewish scientists to publish in the prestigious Zeitschrift für Physik. As a response to these unfortunate developments, it was decided in 1934 to create
a truly international scientific journal. The two separate
functions of the existing journal were split into an international scientific journal Physica, and a Dutch journal
with the name Nederlands Tijdschrift voor Natuurkunde
(NTvN), which became – and still is – the official magazine of the NNV.
Both journals became a success. In 1948, the rights of
the journal Physica were sold to the scientific publisher
Elsevier. For the stewardship over the royalties the Foundation Physica was created, which continues to provide a
significant amount of sponsoring to the NNV.

b FIG. 1:

The first issue of
Physica, containing
the announcement
of the creation of
the NNV in 1921.

The NNV today
The actual number of physicists in the Netherlands is estimated to be between 14 000 and 18 000. Although physics-based industry is not as clearly identified as chemical
industry, there are many companies that employ large
numbers of physicists. Philips, which played a major role
in the start of the NNV, is still actively involved. However,
the company’s emphasis on physics-based research and
development has been diminishing. Meanwhile, other
companies are growing and hiring many physicists, a
prominent example being ASML, the leading company
in wafer-steppers, based near Eindhoven.
The membership number of the NNV is currently close
to 4000 (Fig. 2), approximately 25% of the Physics community.Among the members are undergraduate students, PhD
students, and academic staff. Apart from this main group
there are members from industry research labs, high school
teaching, consultancy, finance, government, self-employed
professionals, etc. Students are stimulated to join NNV early
on by attractive low-rate membership fees and by sponsoring
of student initiatives, such as travel abroad.
Only recently has the NNV created a professionally
run office, rented in the buildings of the FOM institute
Nikhef in Amsterdam. In addition to the director, Noortje
de Graaf, two editors for the journal and two part-time
administrative support staff are employed.
The president of the society is elected by on-line elections since 2013. The candidates present themselves in the
journal NTvN (see below) and all members are invited
to vote electronically. The person elected will serve as
vice-president for a year, followed by two years as president. Daily affairs are handled by the executive committee: president, vice-president, secretary and treasurer.
The Board of the NNV consists of 15 members representing the various communities, and meets six times
per year. Contacts with the NNV members proceeds via
the annual general assembly meetings at the FYSICA
symposium, through communications in the NTvN,
and through the divisions. In addition to divisions on
subfields of physics, the NNV has divisions on Education
and Communication, Energy and Climate, Business and
Innovation, and on History and Foundations.

b P. 22:

Plenary session
during Fysica 2015

1

This article is
largely based on
an earlier contribution to Il Nuovo Saggiatore
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Roles of the NNV and present activities

m FIG. 2:
The number of
members of the NNV
over the years.

. FIG. 3:
Cover of a recent
issue of the magazine
of the NNV, the
Nederlands Tijdschrift
voor Natuurkunde
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The journal Nederlands Tijdschrift voor
Natuurkunde (NTvN)
Although the journal NTvN is the official magazine of
the NNV since 1934, the editorial board has remained
largely independent, and this independence is valued and
cherished from both sides. Apart from two professional
editors employed at the office, the NTvN has an editorial
board that is currently presided by Dr. Richard Engeln of
Eindhoven University of Technology. The board comprises over 30 members, representing the various domains of
physics and the various professional communities. The
NTvN is the only professional physics journal written in
Dutch. This makes it attractive for reaching out to a larger
audience, including high schools students, but has the
intrinsic limitation that it does not reach the non-Dutch
speaking community in the Netherlands and abroad. A
(partial) transition to English has been debated for some
time, and is likely to be made in the near future (see discussion on the issue of language below).
The journal appears monthly (4500 copies, 32 pages) and has evolved into a colourful and varied magazine. Obviously, it reports on recent developments and
discoveries in research, with the editorial board being
heavily involved in editing the contributions for clear
and concise presentation. Yet the scope is much broader,
with interviews, columns, book reviews, and fixed items
such as “Know your classics” describing concepts and
history of break-throughs in physics, and the item “Career” presenting
physicists in an unusual or remarkable trade. Once a year a special issue
is produced, which has often twice the
regular number of pages and presents
the state of the art in a specific field
of modern research. Previous special
issues on Elementary Particles and
on Quantum Information were very
well received, and nearly 500 additional copies were sold, many to high
schools and high-school students.
This year’s special issue focusses on
the International Year of Light (Fig. 3).

The primary goals of the NNV are to represent the physics
community, to defend the interest of physics and physicists in the Netherlands, and to provide a platform for
exchange of information and networking. Although there
are several sister organizations for specialized communities like high school teachers and physics engineers,
the NNV is the only organization that brings together
all physics professionals, be it in education, research, industry, government, or self-employed.
As part of our role we monitor student numbers and
the job market. In this context, the NNV has recently
developed a brochure giving an overview on the career perspectives. It provides factual information on
numbers and possibilities, illustrated by a selection of
personal accounts of professionals working in various
careers. This booklet is widely distributed and is yearly updated.
Outreach is one of the central activities of our society. Among the successful initiatives are the following three.
1. A decade ago we co-initiated the launch of the website
Natuurkunde.nl, followed by Sciencespace.nl in 2009.
The first is aimed at high school students and teachers, while the second aims specifically at a younger
audience at the first years of high school. They provide in a playful and attractive way information on
recent developments in physics, or science in general,
and provide background information, illustrations of
scientific concepts and ideas, and teaching material
for the teachers. The websites are very popular, as illustrated by the more than 820.000 visitors per year
for Natuurkunde.nl.
2. A second outreach initiative is a competition under the
name of Techniektoernooi (technology tournament),
a spin-off from the World Year of Physics 2005. Young
minds at the primary-school age are very inquisitive
and most open to science and technology. Unfortunately, the teaching programme and the limited science
background of most teachers result in minimal attention to science and technology in the class room. With
the Techniektoernooi we succeeded in reaching a large
fraction of the primary schools. Each year new challenges are presented to the children. They form teams
that first participate in regional competitions, and the
best teams are then invited to a national competition
in the Open Air Museum in Arnhem. Every year some
150 teams participate in this cheerful event.
3. Finally, the NNV offers travel programs for high-school
students, with travels, e.g., to CERN in Geneva, the
Institute Laue-Langevin in Grenoble, the European
Southern Observatory at La Palma, or Desy in Hamburg. Every year about 500 pupils and 50 teachers from
all over the Netherlands return from such trips with
great enthusiasm and inspiration.
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Annual symposium
The main networking event is the yearly symposium
FYSICA. It is a one-day symposium that is hosted by
one of the Dutch universities. The meeting attracts 500
to 600 participants from all sectors of our physics community (Fig. 4). Among the plenary speakers is traditionally the most recent Physics Nobel Prize winner.
A most successful item is the Young Speaker Contest:
young researchers, mostly PhD students and postdocs,
submit an abstract for the competition. From the initial batch of about 30 contestants, three are selected for
the final, which is held at the FYSICA symposium. The
winner is chosen by the entire audience of the symposium in a written vote. Also other prizes are awarded
at the symposium, including the Physica Prize which
is the most prestigious national physics prize, the Best
Physics Teacher Award (Fig. 5) and the NTvN prize for
the PhD candidate who writes the best article on her/
his own research for the Nederlands Tijdschrift voor
Natuurkunde. The FYSICA event is complementary to
the main national scientific meeting, a two-day symposium organized by the science Foundation FOM every
year in Veldhoven, called Physics@FOM.

Present-day issues
Since a few years the number of students enrolling for
physics is rising. In fact, we are currently witnessing an
all-time high in physics enrollments. This is quite satisfying, but there are also points of concern.
One is the language barrier in view of the increasing
number of non-Dutch-speaking physicists in the Netherlands. While the language of the FYSICA symposium
is English, the journal NTvN and the website of the NNV
are in Dutch. An estimated 50 to 60% of all physics PhD
students are from abroad, and an even larger fraction
of the postdocs. Faculty positions are advertised internationally and many recent hires do not speak Dutch
upon arrival. Given these developments it is inevitable to
adjust our communication language. It is our ambition
to attract a membership in the non-Dutch part of our
physics community that is comparable to the fraction
of native physicists.
Another concern is the shortage of high-school physics teachers. Many high-school students are not receiving a science education that is as stimulating as it could
have been. I have great respect for the teachers who do a
wonderful job without university degree. Yet, the broader
scientific experience offered by a university degree can
make a great difference for those students whose curiosity
extends beyond the standard program.
Let me end by mentioning our role in the International Year of Light. We are happy that Dr. Kobus
Kuipers of FOM institute AMOLF has been willing
to chair the national committee. A sizeable group of
enthusiasts has been assembled, including university

faculty, science museum directors, artists and representatives from industry. The website, IYL2015.nl lists
the activities for a wonderful year of opportunities for
physics outreach. n

m FIG 4:

Registration desk
of FYSICA 2015
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NUCLEAR PHYSICS
FOR MEDICINE:

HOW NUCLEAR RESEARCH
IS IMPROVING HUMAN HEALTH
Angela Bracco – DOI: 10.1051/epn/2015305
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chair – Dipartimento di Fisica Università degli Studi di Milano and INFN Sez. Milano

The Nuclear Physics European Collaboration Committee (NuPECC) is an associated
Committee of the European Science Foundation (ESF). Its mission is to strengthen
European Collaboration in nuclear science through the promotion of nuclear physics, and
its trans-disciplinary use and application in collaborative ventures between research groups.
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uPECC fulfils its mission with several activities, the most relevant being the preparation
of Long Range Plans for Nuclear Physics.
Other initiatives concern reports on specific topics. The latest NuPECC effort in this context is the
report “Nuclear Physics for Medicine” issued in 2014.
This volume was prepared by the best experts in the
field under the NuPECC guidance and was presented
in Brussels on 24 November 2014. This article aims to
underline the motivations for this report and to briefly
recall some exciting advances in nuclear technologies
for medicine, developed at nuclear physics laboratories
for basic science.
It is well known that techniques employing nuclear
particles and radiation to understand, diagnose and
cure diseases are continuously increasingly importance in healthcare. Much of the underpinning research and development is carried out in institutes
devoted to nuclear physics studies. Indeed, nuclear
physics has since the beginning been characterized

m FIG. 1: Evolution of the number of proton therapy centres in the world between 1950 and 2015. Inset:

the energy deposited (proportional to the dose) by a beam of charged particles at a given bombarding
energy as a function of penetration distance. The high deposit of energy (where the tumor is located)
is at the Bragg peak at the end of the particle trajectory.

by fast implementation of its discoveries to the benefit of society. Its medical applications constitute
the fastest science transfer from basic research to
social applications.
At accelerator-based nuclear physics laboratories the
main aim of the research is the study of the core of the
atom – the nucleus – in its many forms and complexities.
For this purpose complex acceleration systems are employed to study a large variety of both stable and radioactive isotopes in order to understand how the fundamental
forces of nature bind the nuclear components together,
and generate the amazing structural and behavioural
complexity seen in nuclei. Nuclear reactors dedicated to
scientific research are also employed to make particular
nuclear species, using the neutrons that are emitted in
uranium fission.
Nuclear medicine and radiation therapy encompass
several aspects which are applications of basic research
in nuclear physics:
••The emissions from radioactive isotopes can be employed as diagnostic tools by creating images of a patient’s tissues and organs to reveal details of both the
structure and function. Radioisotopes are also used as
tracers in pharmaceutical research to study the behaviour of drugs in the body.
•• Beams of nuclei, as well as emissions from radioisotopes, can be targeted so as to kill cancer cells that
are otherwise inaccessible or difficult to destroy by
other means.
Nuclear medical research is extremely interdisciplinary, and nuclear physicists have a lot of experience
in working closely with other specialists in developing
optimised instrumentation such as detectors, electronics and computer programs and in developing
cost-effective treatment systems with commercial instrument companies.
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To emphasise the new developments on these issues the
NuPECC report “Nuclear Physics for medicine” is organized in three chapters, one on hadron therapy, one on imaging and one on radioisotope production. In all chapters the
contribution from basic research concerning accelerator,
detector, and isotope production are emphasised.

Hadron therapy

3

4

In 1946, accelerator pioneer Robert Wilson laid the
foundation for hadron therapy with his article in Radiology
about the therapeutic interest of protons for treating cancer.
The rationale of using heavy charged particles in
cancer is the exploitation of the high dose deposit
(Bragg peak) at the end of the particle trajectory, and
the absence of any dose beyond the particle range (see
inset of Fig.1) thus sparing the surrounding healthy
tissue. The physics behind this behaviour is that the
ionisation probability (which determines the dose delivered) increases with decreasing velocity. This ability
to discriminate between the volume to be treated and
the surrounding healthy tissue, and the high dose uniformity in the volume treated are key characteristics of
hadron therapy treatments.
According to statistics of the Proton Therapy Cooperative Group 39 proton and carbon ion therapy centres
were operational at the end of 2012. In three centres
only carbon ion treatment is applied (Lanzhou, Gunma,
and Chiba), in another three centres both proton and
carbon ion beams are used for treatment (Hyogo, Heidelberg and Pavia). Proton therapy is performed in 33
centres worldwide.

Treatment verification
Nuclear reactions are used for treatment verification in
hadron therapy. It is possible to exploit the production of
unstable positron emitter nuclei, 10C (with a half-life of
19.26 s); 11C (20.39 min); 13N (9.97 min); 14O (1.18 min)
and 15O (2.04 min), in nuclear reactions induced by
proton and carbon-ion beams, as schematically shown

b FIG. 2: Schematic of the nuclear reactions used for treatment verification

in hadron therapy. A 12C ion (projectile) colliding with an 16O atom of the
irradiated tissue may e.g. lose a neutron, resulting in the positron emitters
11
C and 15O, respectively. They disintegrate under emission of a positron which
annihilates with an electron in two photons with an energy of 511 keV. These
two photons are used for imaging.
b FIG. 3: Evolution in the number of PET (Positron emission tomography)

cameras. It can be seen how PET/CT (Computed Tomography) is now the
preferred choice and that the number of PET scanners has sustained a
constant growth over the last ten years.
b FIG. 4: Arrangement of three Compton camera modules to define the LOR

(Line of Response) from β+ annihilation in coincidence with the detection of
the 3rd photon, a gamma-ray emitted by the daughter nucleus. Each module
consists of a double-sided silicon strip detector (DSSSD), a scatterer and a
LaBr3 scintillator as absorber.
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in Fig.2. Such nuclei emit low-energy positrons which
travel a few millimetres in tissue before they annihilate
with electrons.
The emission of characteristic pairs of annihilation
photons can be detected with a PET (Positron Emission Tomography) scanner during the irradiation or
10–20 min afterwards. Since the momenta of photons
from a single annihilation event are strongly correlated, a spatial distribution of positron-emitting nuclei
can be reconstructed by tomographic methods and
compared with calculations assuming specific distributions of the emitting nuclei in the body. Precise modelling (usually with the computer codes GEANT4 and
FLUKA, developed for particle and nuclear physics) is
thus one of the key issues of this method. The predictions from nuclear reaction models are key points and
there is clear need to improve nuclear reaction models
used in these codes, especially for a better description
of (p,n) reactions on carbon and oxygen.

“

Radioisotopes are also used as tracers
in pharmaceutical research to study
the behaviour of drugs in the body
Imaging

”

Nuclear imaging techniques, SPECT (single photon
emission Compton Tomography) and PET (Positron
emission tomography), are invaluable tools both in
the clinic and the pharmaceutical research laboratories. SPECT and PET are both capable of visualising
the physical functioning of tissues and biomolecular
changes by attaching the radioactive isotopes emitting
gamma rays to a selected molecule.
Although SPECT is still better established than PET,
interest in the latter is increasing because it offers twice
as high a spatial resolution – at about 4 mm. Figure 3
shows the number of SPECT and PET used during the
years and how the used PET method has increased in the
last decade. It is well recognized that nuclear and particle-physics research is providing a range of developments
that is benefiting medical imaging. Such developments
in basic research include:
••New photodetectors based on miniaturised semiconductor chip designs enable compact, higher resolution
instruments to be designed for small-animal PET (see
e.g. J. Molnar et al., EPN 46/2, p. 17 (2015).
•• Image quality can be improved by narrowing the location of the annihilation. This is achieved by measuring
the time difference and this requires compact electronics and dedicated reconstruction algorithms, which are
developed in nuclear physics laboratories.
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••have appropriate chemical properties so that it can be
coupled to molecules that preferentially bind to specific tissues;
••for imaging purposes: emit long-range, medium-energy radiation so that it can be detected outside the patient’s body;
••for therapy: emit short-range radiation that deposits
the maximum amount of energy in a defined target
tissue volume.

c FIG. 5:
Tc activity (blue)
available from a
99
Mo/ 99mTc generator
as function of time
in comparison to
the decay of 99mTc
produced directly
(green). The red
curve gives the
activity if one
applies the elution
process (namely the
process of extracting
one material
from another)
every 12 hours.
99m

The latest development for imaging (still in R&D
phase) is based on the simultaneous detection of three
gamma-rays, as schematically illustrated in Fig.4.

Radioisotopes
Identifying and producing new economically and medically useful radioisotopes is an important research area in
nuclear physics. Radionuclides are the essential fuel that
drives all nuclear medicine applications, and all radioisotopes have to be produced by the artificial transmutation
of stable elements via nuclear reactions first investigated
at nuclear physics facilities.
During recent decades, more than 3000 radioactive
isotopes have been discovered in this way. These radioisotopes are the precursor of the stable isotopes on earth
and are studied to understand the complex nuclear astrophysics problem of nucleosynthesis.
While many of these 3000 radioactive isotopes are
very short-lived or extremely difficult to produce, several dozens have properties that make them potentially
useful for medical applications. Therefore radioisotope
production keeps profiting from tight synergies with
other nuclear physics activities.
A medical isotope must:
••have a half-life long-enough to be delivered, but short
enough not to cause unnecessary radiation exposure for
the patient or present waste-disposal problems;

c Fig. 6:
Number of
cyclotrons
operational
worldwide in
2013 against their
maximum proton
beam energy.
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Concerning radioisotope production one relevant
recent success from nuclear physics is the development
of the “generator technique”. Thanks to this technique
very short-lived isotopes are accessible in the clinic from
the decay of longer-lived ‘generator’ isotopes (see Fig. 5).
For the production of radioisotopes the number of
dedicated proton accelerators has increased during the
years. The present situation is summarized in Fig. 6.
It is really very difficult to mention here all issues discussed in the NuPECC report. I hope, with these personally selected issues, to have made the point that this field
is very broad in topics and very productive.
Before concluding it is important to underline two
points. The first is that the new facilities for nuclear
physics presently under construction have in their scientific programs, in addition to basic research, research
for applications. In particular, applications in the field
of medicine exploit well new technologies in nuclear
physics. The second is that accelerator facilities used for
nuclear medicine have evolved in recent decades, going
from fundamental research laboratories, conceived and
built mostly by academic research teams, to turn-key
industrial ensembles. In Europe an example of spin-off
company for accelerator from Nuclear physics laboratories is theIBA company.
As a final remark I like to thank the conveners and
members of the working groups for their essential contribution, and in particular I convey my special thanks to
Marco Durante, David Brasse and Ulli Köster who also
have presented the report in Brussels.
I like to invite the reader to download the report from
www.nupecc.org/pub/npmed2014. n
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I

Cosmic Rays, Clouds and Climate

mu ch e nj oye d He n r i k
Svensmark’s contribution
"Cosmic Rays, Clouds and
Climate" in number 2 of volume 46. Indeed, we desperately try to
quantify manmade climate changes,
without understanding much larger
climate changes in our past, not manmade, with 'ice ages', and possibly also
with 'desert ages'.
In other words, we do not yet fully
understand all the different heating
and cooling mechanisms of our planet.
Svensmark mentions heating by infalling 'cosmic rays' and 'gamma-rays', from
both our Sun and our Galaxy. (The cosmic-ray energy spectrum extends from
thermal energies, of order eV/particle,
up to extreme values of 1020.5 eV, with its
dominant share below 1GeV). He also

mentions observed fluctuations thereof,
on timescales between hours, and hundreds of Megayears.
Ideally, we should like to know the
power spectra of their fluctuations,
between years and Megayears, and the
precise screening mechanisms of our atmosphere against them, via aerosols and
clouds. Svensmark mentions 'Forbush
decreases', during hours, and oceans as
calorimeters, on timescales of kyr, via
varying isotopic-rate distributions, and
measured (varying) supernova rates.
So which of all the aforementioned
inputs into our terrestrial temperature
balance are the dominant ones? Starlight, supernova explosions, cosmic
rays, and/or active galactic nuclei
and their twin-jets? I have never seen
a curve like Svensmark’s Fig.2 drawn

for all the above inputs, on timescales
of yrs to kyrs. It could be useful to try
and draw such curves.
A problem for this may be our as
yet poor understanding. For instance,
main- stream knowledge talks of "Galactic cosmic rays" and "cosmic rays",
meaning that the highest-energy CRs
came from beyond our Galaxy – an
energetically unfeasible task, among
others because of propagation losses
– or of their "shock-wave acceleration"
in SN remnants – a violation of the
Second Law (cf. "Physikalische Mythen
auf dem Pruefstand" by W. Kundt &
O. Marggraf, Springer, 2014).
Many of our astrophysical insights
are as yet preliminary, because they are
untested. So there remains a lot to be
explored by the next generation. n

The author responds
There is certainly a need to understand the natural processes responsible climate variations over the Earth's
history. The main surprise as stated
in my contribution "Cosmic Rays,
Clouds and Climate" is that variations in cosmic rays flux seem to be a
common factor on time scales ranging from days to 108 years. Very close
(< 10 pc) super nova will be quite
rare, as would jets from active galactic nuclei. Finally starlight will be too
feeble compared to solar irradiance,
which leaves cosmic ray flux as the
dominating omnipresent candidate
for a cause. If the link is to clouds in
the lower atmosphere, then the main
effect is from cosmic rays with median
energy of about 10 GeV accelerated in
super nova remnants.
There is actually additional evidence for a link between cosmic rays

and climate on time scales not discussed in the article, for example a
~30 Myr oscillation associated with
the solar systems movement in and out
of the galactic plane as it travel around
the galactic center [1,2] and the agreement between cosmic rays and climate
can be extended to the whole history
of the Earth (the last ~4 billion years)
[3]. Although there is a remarkable correlation seen on nearly all time scales, it
does not exclude other influences. One
example is the Milankovitch theory of
~40 and ~100 kyr iceages caused by
collective effects in the Earths movement. Further on the long timescales it
is speculated that there will be a positive feedback from biological processes.
For example if the temperature is increasing it will result in less biological
activity, fewer trace-gasses and thereby
fewer cloud condensation nuclei, which

would in the end lead to even fewer and
thinner clouds.
Here DTU Space intense experimental work is currently performed
with the aim of adding to the understanding of the microphysical link between cosmic ray ionization and cloud
formation. All inspired by remarkable
agreement between star formation/
SN/cosmic rays on the one side and
climate/life on the other. The hope is
that this field will receive further attention in the future. n
[1] H. Svensmark, Imprint of Galactic Dynamics on Earth’s Climate, Astron. Nach.
327, 866 (2006)
[2] N. Shaviv, A. Prokoph and J. Veizer, Is the
Solar System's Galactic Motion Imprinted in the Phanerozoic Climate?, Sci. Rep.
4, 21 (2014)
[3] H. Svensmark, Cosmic Rays and the
Biosphere over 4 Billion Years, Astron.
Nach. 327, 871 (2006).
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Opinion: Strengthening Europe’s
competitiveness by more cooperation
in science and education
Edward Krubasik is president of the Deutsche Physikalische Gesellschaft

H

istorical dominance of science
by European institutions is long
over, yet our position in spending on R&D and related impact puts
Europe in a strong second position after USA. But is Europe really living up
to the competitiveness challenge and
making the best of these investments?
Some remarks:
1. Despite the present economic crisis
we must resist further cuts in EU R&D
budgets.
• While more industrial and infrastructure investment is needed to drive
growth, it would be counterproductive to sacrifice science – the driver of
future growth.
• Crisis-driven Southern EU countries
find it all too easy to cut science and education spending in their budget balancing efforts, thus adding education
misery to unemployment misery for
their younger generation. EU support
in science and education programs
is needed.
• We specifically argue for an increase in
ERC funding and for a re-instalment
of the position of EU Science Advisor
to the Commission President.

2. The future of the EU depends crucially
on talents in the fields of Science, Technology, Engineering and Mathematics
(STEM). Skills in these fields are the best
insurance for employability for Europeans and immigrants.
• We argue for physics as a compulsory topic throughout high school.
Benchmarking and comparing European educational results in STEM
fields helps to transfer best practice
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between the widely different educational systems of EU countries, just
like the regular PISA studies do for
younger students.
• We should start in primary school to
find and develop young talents for
science and engineering. In particular, girls and children from non-academic families are the most prominent
untapped talent pools. Similarly, for
children of immigrants a physics or
generally STEM education is a proven
way to integration and recognition.
This requires teachers as talent scouts:
individuals with excellent educational
and physics skills as well as pleasure in
developing young talent. Making the
job image of teachers more attractive
and better recognized is a priority in
most EU countries.

Girls and children from non-academic families
are the most prominent untapped talent pools

3. Europe needs to ensure more technology applications from its science
investment!
• Technology acceptance in our society is needed to find solutions to the
grand challenges of our times, such as
climate change, energy, nutrition and
medical care. The International Year of
Light provides a great opportunity to
build bridges between basic research,
industry and society. It demonstrates
beneficial technology impact and responsible use of new technologies, thus
stimulating technology acceptance
with politicians, teachers and citizens
in Europe.

• EU citizens and politicians are generally very positive about research, but
are withholding their support when
it gets to translating the results into
practical applications. Informing and
educating our citizens continuously
about the benefits of oncoming new
technologies is a vital task for every
researcher. When misguided persons
spread technology fears to an uninformed public of teachers, politicians
and parents it takes decades to turn
technology mistrust around.
• Developing European research and
ethical standards would help to prevent
individual countries to over-react and
drive out biotech and genetic research.
• The reports on the importance of physics to the EU economies made by EPS
– following that of UK and taken over
also by Italy – is a good step toward a
better understanding of the technology
transfer process. Specifically, exchanging best practices in technology transfer might be an EU initiative.
4. Given these challenges, more cooperation and integration between national
physics societies should be encouraged.
• EPS is already taking a position
in many of the above challenges.
Strengthening our physics position in
Brussels is needed and planned. EPS as
an umbrella organization should speak
for all of our national societies to the
commission and the parliament.
• Coordination with other science organisations in Brussels will increase our
impact in the EU political discussion.
Uniting together behind educational
topics and science funding issues makes
our science voices much stronger. n

