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EPS EDITORIAL

[EDITORIAL]

Open exchange on open access
I tend to think that high minded, altruistic principles should be
what governs our strategic choices. The EPS was founded on a set
of ideals, summarised by EPS’s first president, G. Bernardini in his
founding address in 1968: “the formation of the European Physical
Society with such a wide membership is a further demonstration
of the determination of scientists to collaborate as closely as
possible in order to make their positive contribution to the
strength of European cultural unity."

S

ince 1968, Europe has undergone profound political,
economic, and social changes.
– open borders, common currency,
the collapse of the Soviet Union,
the reunification of Germany to
name only a few. Over the period,
I believe that the EPS and scientists
have made a positive contribution
to European unity.
Scientists, in my mind, understand
that the European Commission and
the European Parliament have shaped
and will continue to shape science
policy in Europe. This sets scientists
a bit apart from other citizens in
Europe, who tend to see Europe as
another bureaucratic layer. Scientists
also tend to give a different twist to
competition as well. Using well defined processes framed by peer review,
and open communication of results in
publications, conferences, seminars
etc., scientists compete where hyperbole and subjective arguments rarely
influence decisions.
When the EPS organised a round
table on scholarly open access publishing, the free and open exchange
of views from different scientific
communities was refreshing. Opinions were expressed from biology,
mathematics and physics, from the
side of scientists, learned-society
publishers and commercial publishers, and from Europe and the United
States. This matrix of opinions has
allowed the EPS to draft a statement
that summarises the viewpoint of
physics community (and now the

chemical and molecular science
community) in Europe.
During the elaboration of the
EPS statement, we received many
differing viewpoints. The European
Mathematical Society for example
supports only green open access
(http://www.ems-ph.org/journals/
newsletter/pdf/2013-06-88.pdf, p3).
Other societies, particularly in the
biological sciences viewed open
access as a potential threat to the
revenue generated from learned society publishing. The length of the
embargo period was another area
where different scientific disciplines
require different lengths.
The team tasked with reviewing and creating a synthetic document examined all of the different

Scientists, in
my mind,
understand
that the
European
Commission
and the
European
Parliament
have shaped
and will
continue
to shape
science policy
in Europe

contributions did an exemplary job of
identifying and presenting the main
ideas. Wide, though not unanimous
consensus was achieved. In my opinion, this is another example where
the volunteers working in EPS, and
in learned societies throughout Europe have shown “the determination
of scientists to collaborate as closely
as possible in order to make their
positive contribution to the strength
of European cultural unity."
For the EPS Statement on “Managing the transition to open access
publication”, please see: www.eps.org/
EPS_Managing_the_Transition_
Open_Access_Publication n
llDavid Lee
Secretary General of the EPS
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18/c Bem Square, Debrecen, Hungary
On 25th October, 2013 the main building of the
Institute for Nuclear Research of the Hungarian
Academy of Sciences (Atomki) was inaugurated
as an EPS historic site. The memorial plaque was
put behind the historic iron fence in front of the
façade of the century-old building, which forms
an architecturally homogeneous complex with
the building of the Physics Departments of the
University of Debrecen. Legible from outside, the
new plaque joins a picturesque ensemble of silver
firs and the skeleton of a prehistoric electrostatic
accelerator put on show for the passers-by.

I

t is an eternal subject of jokes that this building had been originally
functioning as an orphans’ house. But in the middle of the last century it already housed the Physics Departments of the University, and
the section at the corner of Poroszlay Road became the home of Atomki
to be founded in 1954. The master of these buildings was Prof. Sándor
(Alexander) Szalay, then head of the Department of Experimental
Physics, who later became the founder and first Director of Atomki.
As a young scientist, Prof. Szalay had been a pupil of three Nobel
laureates, Albert Szent-Györgyi in Szeged, Peter Debye in Leipzig and
Lord Rutherford in Cambridge. In 1951 he got fascinated by the idea
of photographing beta-decay events in a cloud chamber in an attempt
to demonstrate the recoil caused by the emission of the (anti)neutrino.
The cloud chamber was constructed and the experiment was performed
by his graduate student, Mr Gyula (Julius) Csikai, now Professor Csikai,
who, at 83, is in good health and attended the ceremony. The cloud
chamber was filled with gas containing a saturated mixture of water and
alcohol vapour, which was made oversaturated by adiabatic expansion
to enable it to show the tracks of the charged particles in the form of
droplets precipitating on them. The construction of the chamber was
started early in 1953 and lasted for two years.
They studied the decay 6He → 6Li+e–+(ν–). The nuclei 6He with half-lives
of 0.8s were produced in the chamber by bombarding 9Be with neutrons.
The neutron source was shot at the top of the chamber in a pneumatic
rabbit, and was shot immediately back, behind a radiation shield. The
expansion of the chamber was followed in 0.3 s by the exposition under
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flashlight, and the whole procedure
was repeated by periods of 45 s.
The photographs, one of which is
seen in the plaque, clearly show that
the vectorial sum of the momenta of
the recoiled nucleus and of e– do not
add up to zero, which shows that there
must be a third fragment undetected.
Although this experiment was concluded a few months later than the direct detection of neutrinos, by Reines
and Cowan, which was awarded the
Nobel Prize, its value was recognized
by the contemporaries, shown by its
inclusion in several textbooks. Indeed,

m The memorial
plaque is unveiled.
Left to right:
J. Dudley, President
of EPS, Z. Fülöp,
G. Csikai, J. Pálinkás,
L. Papp.

. The EPS Historic
Site plaque (in
English and
Hungarian) at the
main building of
Atomki (source
Gábor Nagy).

the experience of momentum conservation is so elementary that its apparent violation is more convincing of the
neutrino emission than the violation
of energy conservation.
The inauguration ceremony was
celebrated by J. Dudley, President of
EPS, and appreciations were presented
by J. Pálinkás, President of the Hungarian Academy of Sciences and by L. Papp,
Vice-Mayor of the City of Debrecen.
The ceremony was followed indoors by
a eulogy to Prof. Csikai by Norbert Kroó,
former President of the Hungarian
Physical Society and by lectures related

to neutrino physics. R.G. Lovas (Debrecen) presented the experiment in
some detail and put it in historical
perspective. The talks by M. Pallavicini (Genoa) and S. Schönert (Munich)
let the audience taste modern neutrino
physics. In the former talk the detection of neutrinos of various kinds and
energies was covered, while the latter
was about whether there exist Majorana neutrinos, i.e., neutrinos that are
antiparticles of themselves. n
llR.G. Lovas,
MTA Atomki, Debrecen

EPN 45/1 05

NEWS EPS historic sites

EPS HISTORIC SITES

The AdA (Anello di Accumulazione)
INFN Frascati National Laboratories, Italia
On 5 December 2013, the INFN (Istituto Nazionale di Fisica Nucleare – Italian National Institute
of Nuclear Physics) Frascati National Laboratories (LNF) were honored as a new EPS Historic
Site for the realization of AdA (Anello di Accumulazione – Storage Ring), the first particleantiparticle collider ever built.

T

he ceremony took place
in the presence of Stefano
Di Tommaso, the major of
Frascati town, and Guido Fabiani,
Councilor for Economical Development in the Region Lazio. During the ceremony, Giorgio Salvini,
director of LNF in 1961, and Carlo
Bernardini, one of the young physicists involved in the construction of
AdA, gave a personal recollection of
the main steps of the enterprise and
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. INFN President

Fernando Ferroni
address at
the unveiling
ceremony

the exciting atmosphere pervading
the LNF at that time. The EPS Historic Site plaque was unveiled by the
President of INFN, Fernando Ferroni, and the Vice-President of the EPS,
Luisa Cifarelli.
AdA was built in Frascati by a
small team of physicists and engineers, under the leadership of the
austrian theorist Bruno Touschek,
who had put forward a proposal in
March 1960. His groundbreaking

idea was to construct a ring for two
beams of particles (electrons and
positrons) circulating in opposite directions and which were accelerated
to make them collide and produce
new particles. Its colossal descendant, the LHC, is based on the same
principle, with the difference that it
is used for proton beam collisions.
On February 27th, 1961, the first
electrons circulated in the ring. AdA
was essentially a large bending magnet
(8.5 tons heavy), capable of keeping
particles up to 200 MeV on a circular
orbit of 65 cm radius. Both particles
circulated inside a stainless steel vacuum vessel where the pressure was
brought down to 10-10 Torr in order
to minimize the interactions with air
molecules and obtain a beam lifetime
of few hours. A radiofrequency cavity
providing a longitudinal field oscillating at 147 MHz with a peak voltage
of 5 kV compensated the energy loss
due to synchrotron radiation emission
from the stored particles.
One year later its construction,
AdA was moved to the LAL (Laboratoire de l’Accélérateur Linéaire)
in Orsay, France, where experiments
could be performed at higher intensities. Here, for the first time, collisions and Touschek effect (the lifetime
of a beam decreases with the increase

EPS historic sites NEWS

of the spatial density of particles as
a consequence of the interactions
among neighbour particles, which
loose energy and are finally ejected from the beam trajectory) was
observed. This move marked the
start of experiments in the physics of collisions between electrons
and positrons.
AdA had a short scientific life, but
it remains a milestone in the history of science. As a prototype of the
many electron-positron storage rings
which followed it, Ada showed to
the particle physics community that
electron-positron machines were
feasible. It was soon followed by
many accelerators, working on similar principles, but with higher intensity and higher center of mass energy,
in France, in Germany, in the United
States, in the Soviet Union, and in
Italy itself with ADONE, successor of
AdA at the INFN National Laboratories of Frascati. Following the path
initiated by AdA, electron positron
storage rings became a major tool to
investigate the intimate structure of
matter, confirming Bruno Touschek
expectations on the richness of electron-positron processes in all new
energy domains.

m The plaque

unveiled in
Frascati on
Dec. 5th 2013 to
celebrate AdA,
the first electronpositron storage
ring in the world.

Although the AdA had a short scientific life, it remains a milestone in the
history of science as the progenitor of
generations of accelerators, of which
there are currently some 30,000 worldwide. AdA began the experimentation
based on the electron-positron collisions, identifying problems and developing techniques to overcome them.
Later on, the Adone (1969) and
Dafne (1999) accelerators, which
made fundamental contributions to
progress in elementary particle physics, were also built at the INFN’s national laboratory. Even nowadays the
tradition continues and LNF is still
actively contributing to the field of
accelerator physics (just to mention

the latest Dafne currently deploys the
crab waist technique at the interaction point) and plans that will allow
to continue in this direction have been
recently endorsed by INFN.
The AdA was born at the Frascati
laboratory because Italy was a fertile
terrain for research at that time. The
famous Italian school of Physics did
the rest. Unless we give young people the means to enable them to lead
the field in international scientific
research, this tradition will dry up. n
llUmberto Dosselli,

LNF Director
llDanilo Babusci,

LNF Press Office

NYNKE DEKKER RECEIVES EMMY NOETHER AWARD FOR WOMEN IN PHYSICS 2013
In his Laudatio, Prof.dr.ir. T.H.J.J. van der Hagen, Dean of the Faculty of Applied Sciences at the Delft
University of Technology, writes:
“Nynke Dekker’s noteworthy scientific career started with a BSc cum laude
from Yale (with majors in both physics
and applied mathematics), a MSc cum
laude in physics from Leiden University, a
prestigious PhD in physics from Harvard
University, and a postdoctoral period in
biological physics at the Ecole Normale
Supérieure in Paris. This was followed by
a rapid rise at the TU Delft where she went
from Assistant Professor to Full Professor
in less than six years as group leader of Biophysics at the nanoscale. Within a short
period Nynke Dekker moved to the top
of her field in biophysics. Currently she

carries out novel biophysical research on
single molecules of DNA, enzymes, and
molecular motors. Examples of her research include the study of different proteins on DNA and RNA, the development

of novel, physics-based single molecule
techniques for the measurement of DNA
torque and twist, and the translocation
of DNA and RNA through nanopores for
structural determination. Besides its
fundamental interest, Nynke Dekker’s research has a link to biomedical research
which is best exemplified by her successful research line on topoisomerases
(enzymes that influence DNA topology),
which are targeted by chemotherapeutic inhibitors in clinical use. This research
line has resulted in multiple publications
in Nature and Cell, including features on
the cover of Nature.” n
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LIQUID PHYSICS

Dynamics of ultrathin
soft matter systems
Thin films of liquids and polymers are interesting systems
for those seeking to test glass transition theories and their
prediction of a characteristic transition length scale of a
few nanometers. The anomalous phenomena observed in
some of these nano-confined films has greatly advanced
our understanding of theoretical and experimental soft
matter physics.
These films are treated as equilibrium systems where surfaces and interfaces introduce monotonous long-range mobility gradients. Considering finite size and interfacial effects
provides an intuitive but oversimplified picture that falls short
of explaining many phenomena, such as enhancement of segmental mobility near an absorbing surface or long-lasting
metastable states in the liquid.
The authors propose a new picture of the dynamics of these
confined soft matter systems, which focuses on non-equilibrium states and on the impact of irreversible chain adsorption
on the structural relaxation.
They review the experimental approaches that have been
used to study the structural relaxation of films with one, two
or no free surfaces by means of dielectric spectroscopy. They
propose methods to determine gradients of mobility in thin
films and discuss the as-yet untapped potential of analyses
. Scheme (not in scale) of the molding approach used to determine the

interfacial free volume ζ (white circles in the left lower panel), seen here as
the opposite of the sur-face coverage of PS (blue circles).

based on the time, temperature and thickness dependence of
the orientational polarization. n
llS. Napolitano, S. Capponi, and B. Vanroy,
‘Glassy dynamics of soft matter under 1D confinement:
How irreversible adsorption affects molecular packing,
mobility gradients and orientational polarization in thin
films’, Eur. Phys. J. E 36, 61 (2013)

MATERIAL SCIENCE

A step closer to
composite-based electronics
A new study demonstrates that electrical resistivity obeys
a staircase-like dependence on the conducting particle
concentration in composite materials. These
materials are attractive
because they have a
controllable electrical
resistivity combined
with their light and
flexible properties. This
makes them suited for
applications in flexible
m An illustration of a small portion of a
square lattice.
electronics. Now, a theoretical model, confirmed
experimentally, elucidates how electrical resistivity varies
with the concentration of the particles in these composite materials.
The authors made the theoretical prediction – and proved
experimentally using granular metal and carbon-black composites – that the dependence of the electrical resistance on the
conducting particle concentration is manifested by a staircase.
This was particularly obvious in nanometric scale systems, in
which there is a well-defined discrete series of distances between a particle and its neighbours. Each stair exhibits a universal behaviour – independent of the details of the system
– predicted by percolation theory. The electrical resistivity associated with subsequent stairs decreases as the concentration
of the conducting particles increases. n
llI. Balberg, D. Azulay, Y. Goldstein, J. Jedrzejewski,

G. Ravid and E. Savir,
‘The percolation staircase model and its manifestation in
composite materials’, Eur. Phys. J. B 86, 428 (2013)
08 EPN 45/1
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QUANTUM PHYSICS

No qualms
about quantum theory
The alleged shortcomings of quantum theory do not hold
up to scrutiny. A colloquium paper peers into the alleged issues associated with quantum theory. The author reviews a
selection of the potential problems of the theory. He sets out
to demystify a
selected set of
objections targeted against
quantum theory in the literature. He takes
the example
of Schrödinger’s infamous
m Schrödinger’s cat state associated with an imagined
cat. The term
superposition of a dead and live cat has no reality.’
‘Schrödinger’s
cat state’ is routinely applied to superposition of so-called
quantum states of a particle. However, this imagined superposition of a dead and live cat has no reality. Indeed, it confuses a
physical object with its description. Other myths debunked in
this paper include the provision of proof that quantum theory
is well defined, has a clear interpretation, is a local theory, is
not reversible, and does not feature any instant action at a
distance. It also demonstrates that there is no measurement
problem, despite the fact that the measure is commonly
known to disturb the system under measurement. n
llB.G. Englert,
‘On Quantum Theory’, Eur. Phys. J. D 67, 238 (2013)

CONDENSED MATTER

Revisiting quantum effects
in MEMS
Micro- and nano-electromechanical devices, referred to as
MEMS and NEMS, are ubiquitous. They are found in car airbags
and smart phones. The trouble is that, as their size decreases, forces typically experienced at the quantum level start to
matter in these nanodevices. The authors have studied the
mechanical and electrical stability of MEMS and NEMS, depending on the plate thickness and the nature of the material
used. They show that previous works overestimated the operating conditions of the devices by not taking into account
this Casimir/van der Waals effect. In addition, they demonstrate that the stability of these devices under the Casimir
force changes depending on the nature and thickness of
the metal coatings used. It also depends on the variation of

m Example of MEMS. © United States Government Work

www.flickr.com/photos/departmentofenergy/10190969504

concentration of the free charges in the silicon used, which
changes with doping levels. n
llR. Esquivel-Sirvent and R. Perez-Pascual,
‘Geometry and charge carrier induced stability in Casimir
actuated nanodevices’, Eur. Phys. J. B 86, 467 (2013)

ATOMIC AND MOLECULAR PHYSICS

Covariance mapping
of molecular Coulomb explosion
Free-electron lasers (FELs) provide pulses of XUV or X-ray radiation with unprecedented intensity. The number of photons
in these pulses is high enough to allow the reconstruction of
the structures of large macromolecules (such as proteins and
viruses) from diffraction patterns formed by a single FEL shot.
However this process is always accompanied by massive ionization and Coulomb explosion of the molecules. Understanding the dynamics of Coulomb explosion is thus required for
the correct assessment of sample degradation. We present a
general experimental technique which can address this problem. In the experiment, schematically depicted in the Figure,
the molecules (in this case nitrogen and iodine) are ionized by

m Schematic representation of the partial covariance experiment at FEL.
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intense XUV pulses at the FLASH FEL. The molecules dissociate
via Coulomb explosion to form fragments carrying different
charges. These fragments are detected for each single shot by
a simple time-of-flight spectrometer. The method of statistical analysis, known as partial covariance mapping, identifies
positive correlations of signals induced by ions coming from
the same molecule and allows us to extract information about
individual dissociation channels from the highly congested
experimental spectra. n
llO. Kornilov et al.,
‘Coulomb explosion of diatomic molecules in intense XUV
fields mapped by partial covariance’, J. Phys. B: At. Mol. Opt.
Phys. 46, 164028 (2013)

interaction of superconductivity and magnetic order is expected to give rise to a complex ground state. Electronic structure
calculations reveal a topologically non-trivial band inversion.
Accordingly, ErPdBi is advocated as a novel, unique platform
to study the interplay of topological states, superconductivity
and magnetic order. n
llY. Pan, A.M. Nikitin, T.V. Bay, Y.K. Huang, C. Paulsen,

B.H. Yan and A. de Visser,
‘Superconductivity in the noncentrosymmetric half-Heusler compound ErPdBi’, EPL 104, 27001 (2013)

OPTICS

CONDENSED MATTER

Superconductivity
and magnetic order in ErPdBi
Half-Heusler compounds attract ample attention because of
their flexible electronic structure. A new electronic state in this
respect is the topological insulator, where the interior of the
material is insulating, while the surface states are conducting.
Surprisingly some of the topological half-Heusler compounds
become superconducting at low temperatures. Topological superconductors are predicted to have a fully gapped unconventional pairing state in the interior, while the non-trivial topology
gives rise to Majorana fermion states at the edge of the sample.
The further interplay with magnetic order may lead to exotic
superconducting phases.
In the paper the discovery is reported of a new candidate for
topological superconductivity: ErPdBi. Magnetic and transport
measurements demonstrate superconductivity at Tc = 1.22 K,
and, moreover, magnetic order at TN= 1.06 K. Since TN ≈ Tc the

Metallic nanoparticles for
plasmonic absorption enhancement
Random arrangements of nanoparticles are easy to fabricate
and therefore find widespread application. But how do these
random assemblies influence the local optical generation rate?
The authors investigated Ag nanoparticle assemblies with
scanning near-field optical microscopy (SNOM) detecting the
optical response to local near-field excitation through an aperture tip while simultaneously recording the topography
with atomic force microscopy. 3D simulations in finite-difference time domain confirmed that areas in between irregularly arranged nanoparticles show the strongest response and
that no direct correlation of hot spots to particularly sized
nanoparticles is possible. An overall highly non-uniform distribution of the electric field is found around the nanoparticles for various wavelengths both in experiment and theory.
These variations in local electric field are expected to translate
directly to the optical generation rate, which therefore will
equally suffer from inhomogeneities (see figure), and will thus
crucially determine the effectiveness of plasmonic absorption
. Expected optical generation rate for a solar cell with integrated random

nanoparticles assemblies as visible from the overlapped topography.

m Superconducting (SC) and magnetic (AFM) phase diagram of ErPdBi. Inset:

Half-Heusler crystal structure.
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enhancement. Therefore mapping the local field distributions
as possible with SNOM is expected to be highly advisory to
optimize nanoparticle geometries. n
llM. Schmid, J. Grandidier and H. A. Atwater,

‘Scanning near-field optical microscopy on dense
random assemblies of metal nanoparticles’, J. Opt. 15,
125001 (2013)

ATOMIC AND MOLECULAR PHYSICS

Advances in positron-molecule
annihilation physics
The interactions of positrons with atoms and molecules are
important in diverse settings, from applications in materials
science to understanding the origin of the positron-electron
annihilation gamma-ray line emanating from the centre of our
galaxy. Furthermore, there are important applications in Positron Emission Tomography.
A vital parameter is termed Zeff, the effective number of electrons available to the positron for annihilation. This quantity is
almost always greater than the actual number of electrons, Z,
due to the dominant electron-positron attraction.
Careful measurements of the gas density dependence of
the positron annihilation rate were performed for a number of
species. By incorporating corrections for non-linearities due to
many-body interactions, accurate values of Zeff for N2, O2, CO,
N2O and CH4 were derived. It is hoped that this work will serve
to benchmark the positron annihilation rates in these molecules and act as a spur to further theoretical development in
positron-molecule scattering. n

m The energy distribution of a random event.

In this paper, the authors explicitly decomposed and manipulated the initial conditions and studied the hydrodynamic
evolution of individual cumulant components. In particular, they
discussed to what extent linearity breaks down in hydrodynamics.
They found that, when expanding in azimuthal angles, each
cumulant component possesses non-trivial radius dependence.
Though in general linearity is approximately obtained, the authors found that flow harmonics of higher orders are produced,
deviating from the linearity between eccentricities and flow
coefficients. These results can be seen as a natural consequence
of the non-linear nature of hydrodynamics, and they can be
understood intuitively in terms of the peripheral-tube model. n
llW.-L. Qian, Ph. Motta, R. Andrade, F. Gardim, F. Grassi,

Y. Hama and T. Kodama,
‘Decomposition of fluctuating initial conditions and flow
harmonics’, J. Phys. G: Nucl. Part. Phys. 41, 015103 (2014)

llM. Charlton, T. Giles, H. Lewis and D.P. van der Werf ,
‘Positron annihilation in small molecules’, J. Phys. B: At. Mol.
Opt. Phys. 46, 195001 (2013)

PLASMA PHYSICS

NUCLEAR PHYSICS

Hydrodynamics role
in heavy-ion collisions
In ultra-relativistic nuclear collisions, hydrodynamics plays an
important role in governing the system’s evolution. As various
empirical evidence strongly points towards local thermalization
or, at least, the validity of a certain kind of equation of state in
the very early stages of the collisions, it is quite amazing that the
resulting hot and dense system evolves more like a perfect fluid,
rather than a collection of ‘hard’ binary collisions. Consequently,
collectivity builds up inside the system, which can be measured by
observables such as collective flow or multi-particle correlations.

Uniformity: the secret
of better fusion ignition
One of the ways to achieve thermonuclear fusion is through
a controlled reaction between deuterium and tritium. The
authors have made theoretical calculations indicating how
best to improve the ignition stage of fusion reaction. This approach involves increasing the uniformity of irradiation using
high-power laser beams on the external shell of a spherical
capsule containing a mix of deuterium and tritium.
Reaching uniformity of irradiation matters for reaching the
ignition conditions of thermonuclear fusion. In this study, the
authors analyse the possibility of using the UK-based Orion facility’s high-power laser beams to study uniformity. Specifically,
the authors use numerical simulations to analyse the uniformity
EPN 45/1 11
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on neuroscience, since neurons exhibit far richer dynamics. Here
we propose a new experimentally corroborated paradigm in
which the functionality of the brain’s logic-gates depends on
the history of their activity, the stimulation frequencies of their
input neurons, as well as the activity of their interconnections.
Our results are based on an experimental procedure where
conditioned stimulations were enforced on circuits of neurons
embedded within a large-scale network of cortical cells in-vitro.
We demonstrate that the underlying biological mechanism is the
unavoidable increase of neuronal response latency to ongoing
stimulations, which imposes a non-uniform gradual stretching
of network delays. This computational paradigm is anticipated
to lead to better understanding of the brain’s functionalities. n
llR. Vardi, S. Guberman, A. Goldental and I. Kanter,

m Non-uniformity as a function of the power imbalance

of the illumination of a spherical target both in the case of circular or elliptical laser intensity profiles. They demonstrate that
this approach reduces considerably the non-uniformity of the
capsule irradiation—by 50% and 35%, for elliptical and circular
intensity profiles respectively. n
llM. Temporal, B. Canaud, W.J. Garbett,
F. Philippe and R. Ramis,
‘Polar Direct Drive Illumination Uniformity Provided by the
Orion Facility’, Eur. Phys. J. D 67, 205 (2013)

BIOPHYSICS

Computer
and brain-logic gates
This year we are celebrating the 70th anniversary of the publication of the seminal work by McCulloch and Pitts “A logical
calculus of the ideas immanent in nervous activity”. They suggested that the brain is composed of threshold units, neurons,
composing reliable logic-gates similar to the logic at the core of
today’s computers. This suggested computational framework
had a tremendous impact on the development of artificial neural
networks and machine learning theory, but had limited impact
m An illustration for the differences between computer and brain logic-gates.

‘An experimental evidence-based computational paradigm for new logic-gates in neuronal activity”, EPL 103,
66001 (2013)

PLASMA PHYSICS

A topological analysis
of plasma flow structures
In toroidally confined plasmas and from a fluid perspective, plasma
turbulence is characterized by the existence of multiple vortices
located at the magnetic surfaces where the magnetic field lines
close on themselves after a finite number of turns around the
torus. When we look
at transport in such
systems, we see that
these vortices may
cause the trapping of
particles, while large
scale flows may carry
them from vortex to
vortex. We develop an
analysis approach that
has allowed us a comm Filamentary structure of plasma turbulence.
plete characterization
of the structures of the vortices, determining which ones form close
loops, cycles, and which ones have just a finite length, filaments,
and make a determination of their length. By comparing these
structures at different times we also can determine the life times
of the cycles. We have found that both life times of the cycles and
lengths of the filaments are well described by lognormal distributions. Having the distribution of the life times of the cycles and
lengths of the filaments, we can connect them to the trapping
time of particles moving with the turbulence. n
llB.A. Carreras, I. Llerena Rodríguez and L. García,
‘A topological analysis of plasma flow structures’, J. Phys. A:
Math. Theor. 46, 375501 (2013)
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[Crossing borders]
by Herman C.W. Beijerinck
Eindhoven University of Technology, the Netherlands

‘In free fall’
Physicists in the lead of a fiction book or a play, that’s a rare event! Writers in general do not
understand physics, while physicists seldom have the talent of writing for a large audience. So
when it happens, we should rejoice. The up-and-coming German author Juli Zeh [1] (1974), who
studied law, has succeeded in combining beautiful prose, psychological drama, crime and physics
in a challenging book ‘In free fall’ [2]. A good friend of hers, Bettina Bruinier, has put the core
message of the book into a compelling play in the ‘Volkstheater’ in Munich [1]. Yes, it can be done.

G

iven the current awareness
of improving communication with society at large,
we should embrace this
opening to literature. Having read the book and seen the play,
I am still flabbergasted by the precision
in characterizing the two physicists in
the lead. In my experience of training
350+ physicists in a 42-year career
at university, I could not have done
better, even if I could write fiction
(which I can’t).
The plot entwines the professional
life of two brilliant young physicists
with their private lives and passions.
Sebastian chooses for marriage and
children, while Oskar remains single
with his love for physics and Sebastian. In a certain way, Sebastian lives
two lives in a multi(uni)verse which
is also his research interest at Freiburg

university. The pace of life is accelerated when his son is kidnapped from
his car during a stop at a gas station en
route to summer camp. A mysterious
phone call warns him off from getting
in touch with the police. The message
seemingly refers to a public outcry
over ethical malpractice of the director of the research institute where his
wife Maike works. Only when he acts
accordingly, his son will be returned.
The ‘Hauptkommissar’ Schilf enters
the story at this moment, when the director is decapitated while riding his
bicycle downhill on his daily training
run. Accident or crime, who can tell?
The policeman/psychologist Schilf
solves the problem in a Columbo-type
approach, not only finding the outcome, but also leading the two friends
to deep insight in their entwined lives.
All is well that ends well, is the motto of

even a criminal act. I will not say more
about the plot: just read the book.
The multiverse or many-worlds
theory of quantum mechanics [3,4]
is ingeniously entwined with choices
that have to be made in real life. The
character of the two physicists is well
described in the book; the casting of
Sebastian and Oskar in the play is a
success that can hardly be improved
on. The play would be an excellent
evening event at one of the EPS meetings. The same holds for a lecture or
interview with Juli Zeh at such an
occasion. She can surely captivate her
audience, as I experienced during a
Crossing Borders event in The Hague.
Incidentally, author Juli Zeh is not
related to emeritus professor in theoretical physics Dieter Zeh in Heidelberg, who is a strong proponent of
the multiverse theory! Only when the
book was finished, she heard about this
strange coincidence of a namesake with
the same interest, as she confided to me
at the event in The Hague. n
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How old is semiconductor science? The answer is not obvious even for researchers who
worked in this field for their whole life. Mankind has been dealing with semiconductors
like silicon for centuries – although not with their electrical properties. The first electrical
experiments with semiconductors were performed more than 200 years ago. However,
the concept of semiconductors as a separate class of materials, between conductors and
insulators, appeared rather late – in the first two decades of the 20th century.
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I

n 1729 Stephen Gray (1679-1736) discovered the
phenomenon of electro-conductivity: some materials (like metals, coal, human and animal tissues) were
able to transfer electrical charge, while others (like
rubber, silk, wax) were not. The reason for this difference
was unclear.
The author of a rather informative study on the “early
history” of semiconductors, Georg Busch [1], stresses
that the first scientist to use the word “semiconductors”
was Alessandro Volta (1745-1827), in his report to the
London Royal Society in 1782. By touching a charged
electrometer with different materials, he discovered that
contact with metals caused immediate discharge of the
electrometer. By contrast, contact with dielectrics caused
no discharge at all. However, some materials (“semiconductors”) caused discharge within a short but non-zero
time. Later, in 1800, Volta constructed the first electric
battery, which opened up a new field: the experimental
study of electrical properties of different materials.

c FIG. 1:
Temperature
dependences of the
resistivity of Si, Ti,
Zr (data from [2]).

In 1821 Humphry Devy (1778-1829), using Volta’s
battery, discovered the increase in resistivity of metals
with increasing temperature. However, in 1833 Michael
Faraday (1791-1867) had observed the first exception: the
resistivity of Ag2S at room temperature was rather high,
but at 175 °С it decreased rapidly to “metallic” values.
Later the effect of light on conductivity was discovered: in 1839 Edmond Becquerel (1820-1891) observed
the photo-galvanic effect on a silver chloride plate with
platinum contacts, placed in an electrolyte. In 1873
Willoughby Smith (1828-1891) observed a dramatic
decrease in resistivity for selenium samples irradiation
by light. A year later, in 1874, Karl Ferdinand Braun
(1850-1918, Nobel prize in physics 1909) discovered
the rectifying properties of a point contact between a
metal and a metal sulfide. Although some of these effects
were used almost immediately in technology (in exposure meters, radio receivers etc.) their physical nature
remained unclear.
In 1897 Joseph John Thomson (1856-1940) had
demonstrated that cathode rays consist of small charged
particles – electrons. Thus the problem of charge carriers
in conductors was solved. The basic concept of electrons
was further worked out by Paul Drude (1863-1906) in
his classical theory of the electrical conductivity of metals (1900). The reason for the resistivity increase with
temperature became clear: the scattering of electrons becomes more intensive. Therefore, the resistivity of metals
at high temperatures can be written as:
ρ(t) = ρ0(1+αt) ,

(1)

where t is temperature in °C, and α is a material constant.
(Analytically, eq. (1) was obtained in the classical limit
of high temperatures in the electron-phonon interaction
scheme by Felix Bloch in 1930.)

Semiconductors as a separate class
Drude’s theory could not explain the behavior of materials for which the resistivity decreased with temperature.
The next step to explain this “anomaly” was made by Johann Koenigsberger (1874-1946), professor at Freiburg
university in Germany. In [2] Koenigsberger and Shilling
demonstrated that the temperature dependence of the
resistivity of some materials (like titanium and zirconium) has a minimum, while for silicon the resistivity
decreases in the whole temperature range under examination (fig.1).
In order to explain the observations, Koenigsberger
had postulated that free electrons result from dissociation
of atoms into mobile electrons and fixed ions. Consequently, the electron concentration N is given by:
Q
N = N0 exp –— ,
(2)
t+273
where Q is proportional to the dissociation energy. This
assumption allows one to rewrite (1) as:

(
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( )

Q
ρ(t) = ρ0(1+αt) exp — ,
t+273

m FIG. 2:

(3)

which could obviously explain the minimum in the
curves in fig.1! Although Koenigsberger could not propose any physical model for the origin of the dissociation
energy, in his further work [3] he had divided all materials
into metals, insulators and “variable conductors” (variabele Leiter) depending on the value of Q: for insulators Q is
infinitely large (so there are no free electrons), while for
metals at high temperatures it is zero (so the number of
electrons in metals is equal to the number of ions – which
was a basic assumption of Drude’s theory). By contrast,
the value of Q is finite in “variable conductors”; therefore
their resistivity decreases exponentially with temperature.

Year of birth 1914
Note that Koenigsberger had also demonstrated experimentally that Q in “variable conductors” depends critically on their purity and the presence of defects. This
allows us to coin the birth year of semiconductor science
as 1914 – the time when [3] appeared, because since that
time it was possible to speak about a new class of solids
with strictly defined properties, rather than about some
separate “anomalous” materials.
The band theory of semiconductors was developed
by Alan Wilson (1906-1995) in 1931, soon after the basis of quantum mechanics was established. In two articles [4,5] he drew a picture of energy bands and energy
gaps in between. Therefore, Koenigsberger’s dissociation
energy got a physical meaning as the gap between the
upper band, completely occupied by electrons (‘valence
band’), and the next empty one (‘conduction band’). Note
that the concept of “holes” (carriers with positive charge,
presenting unoccupied positions in the mainly occupied
valence band) was introduced in the same year by Werner
Heisenberg [6].
Although the basic features of semiconductor theory
were developed in the 1930s, semiconductors remained
“unpopular” until the mid 1940s for lack of suitable
technologies. All crystals were “dirty”, and results obtained were irreproducible. The situation changed after
the fabrication of the first transistor on р-n-junctions
(1951). William Shockley (1910-1989) together with his
colleagues John Bardeen (1908-1991) and Walter Brattain
(1902-1987) was awarded the Nobel Prize in physics 1956.
The first chip including two transistors, resistor and several capacitors was fabricated from a 2 cm diameter silicon crystal in 1959. Very soon the use of semiconductor
chips increased the possibilities of mankind dramatically.
Semiconductors became a focal point for scientists and
technologists all over the world.

P-n-junction: Ukrainian “origin”
The study of semiconductors started rather early in
Ukraine. In 1929 the founder of the Institute of Physics

The first scheme of
a p-n-junction (from
[7]). The region of
p-conductivity is
at the right from
vertical line S’,
and the region of
n-conductivity is left
from S. The numbers
along the horizontal
axis denote the
logarithm of hole
(n+) and electron
(n–) concentrations.

of Ukrainian Academy of Sciences in Kyiv (Kiev), Oleksandr Goldman (1884-1971), began studying the
Becquerel photo-galvanic effect. Unfortunately, Goldman, who was accused of being “Ukrainian nationalist”
despite his Jewish origin, was arrested in the time of
“great Terror” in 1938. Therefore he could renew his
research activities only after returning from prison and
exile many years later.
However, at least one of the greatest achievements of
semiconductor science of the 20th century is connected with the Ukrainian capital Kyiv. Vadym Lashkaryov
(1903-1974), after returning to Ukraine from his exile in
northern Russia (he was accused of “contra-revolutionary
activity” in 1935), became head of the semiconductors
physics department in the Institute of Physics. There he
developed the method of thermo-probe and applied it
to investigate cuprous oxide and silver sulfide photocells, and selenium rectifiers. These
experiments served to demonstrate
the existence of p-n-junctions for
the first time [7]. Fig. 2 shows the
scheme of energies of the conduction band (upper graph) and valence
band (lower graph) vs. coordinate in
the p-n-junction of the rectifier or
th
solar cell described in [7]. The role
of p-n-junctions in photocells was
studied as well.
Although the importance of this
discovery for semiconductor physics can hardly be overestimated, reference [7] remains
rather unknown in the West, and Russell Shoemaker Ohl
(1898 - 1987) is generally recognized as being the first
person to work with p-n-junctions [8]. As a matter of
fact, however, Ohl’s patent [9] was filed on May 27, 1941
(after Lashkaryov’s paper [7] had already appeared), and
was issued on June 25, 1946, whereas the earliest printed
articles on p-n-junctions in germanium and lead sulfide
appeared in the West in 1947 (see [10] and references
therein). Therefore, the priority in this field obviously belongs to Lashkaryov’s paper [7] which also demonstrates
deep understanding of the physics of the phenomena
being described.

“

At least one of the
greatest achievements
of semiconductor science
of the 20 century
is connected with
the Ukrainian capital

”
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After the second World War Vadym Lashkaryov established the Department of Semiconductor Physics of
Kyiv University, and in 1960 the Institute of Semiconductor Physics of the Ukrainian Academy of Sciences,
which now carries his name. A brief survey of the main
results of semiconductor science in Ukraine, connected
also with the names of Vasyl Liashenko and Oleh Snitko (surface science), Mykhajlo Lysytsia (semiconductor
optics), Musij Sheinkman (recombination phenomena),
Vitaliy Strikha (metal-semiconductor contacts, sensors),
Solomon Pekar, Kyrylo Tolpygo and Kornij Tovstiuk
(semiconductors theory), and many other prominent
researchers, is presented in [11].
Semiconductor science, after reaching some stage of
saturation, enjoyed a powerful impact from the development of nanotechnology, photovoltaics and graphene
physics. Therefore the Ukrainian Physical Society proclaimed the hundredth anniversary of semiconductor physics in 2014 as the Year of Semiconductors in
Ukraine in order to focus public attention onto research
in this important field. n
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c FIG. 3:
Vadym Lashkaryov
(seated, third
from left) with his
colleagues of the
Department of
Semiconductors
Physics at Kyiv
University (1956).
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The number of research papers published yearly shows a staggering exponential
growth. One can in fact witness a century-long publication avalanche (Fig.1).
According to the two major databases INSPEC and Thomson Reuters, there
is a 300-fold increase in the number of published items since the year 1900.
The world of science has recently reached such a level of proliferating complexity
that its structural evolution itself poses challenging scientific problems.

I

n Fig. 1 we plotted the number of published papers
using the INSPEC database that represents the fields
of physics, engineering, and information technology.
As a control plot, we used the all-inclusive yearly
publication data from Thomson Reuters Web of Science
Database. The latter dataset was divided by a factor of 11
to overlap the data for better visualization. The two dips
on the curves correspond to the First and Second World
Wars. After WWII a rather rapid, cold war era burst can
be observed lasting until 1970. After 1970 until today a
somewhat smaller average slope sets in. Furthermore,
it is intriguing to observe that in spite of the 11-fold
difference in the average number of yearly publications,

both datasets show strongly correlated publication-record dynamics. This suggests a more generic growth
pattern spanning through different research fields. Such
an exponential increase over more than a century can
be aligned with the empirical Moore’s law describing
the exponential growth of microprocessors transistor
counts over the past four decades. We note that similar
growth trends were established by the paper of Larsen
et al. [1].
A few decades ago the number of scientific papers
and the number of independent citations seemed to
be adequate to assess a researcher’s activity. Due to the
unparalleled expansion of the scientific activity, this has

m © iStockPhoto
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individuals. Researchers at Harvard University offered
an effective way to alleviate this problem by introducing
an automated citation normalization service [5]. Their
normalization scheme simply divides the received number of citations by the number of co-authors of a paper.
According to this methodology, the reduction in the
number of citations is probably the most remarkable
in high-energy physics where papers with a thousand
co-authors are not uncommon.

The Society of Scientific Journals

m FIG. 1:
Total number of
publications as a
function of years
using the INSPEC
(green curve) and
the Thomson Reuters
Web of Knowledge
databases (red curve).
The latter curve was
divided by a factor
of 11 to obtain
a data collapse.
Two exponential
functions are fitted
to guide the eye.

“

fundamentally changed by, leading to the proliferation
of scientometry itself [2]. After the introduction of the
Hirsch-index in 2005, many other indices followed rapidly, such as the related Wu-index, the g-index, and the
i10-index, just to name a few frequently used ones. Furthermore, these scientometric indices can also be used
to assess the output of different research units (groups,
laboratories, universities, etc.). During a rather short period of time, such refined indicators have become vitally important and play a more decisive role for research
funding and even for determining carrier paths.
Quantitative scientometric comparison and ranking have become key factors in the competition for research funding. Therefore, it is of outmost importance
to establish scientometric schemes allowing the best
possible comparisons among different fields. In fact,
different fields have significant differences in their citation frequency. For example, medicine and molecular
biology receive much more citations than physics [3].
On the other hand, there are other research fields such
as mathematics or sociology, which get along with even
less citations per paper
[3]. There are promising developments regarding a field-based
normalization of citation numbers that
should enable a better
comparison between
fields [4], even though
the use of such measures remains limited [2].
The other prevailing problem – due to the rather diversified forms of scientific activities – is how to compare
the contributions of large collaborations (for example
in high-energy physics) to those of small groups or

The number of yearly published
research papers shows a staggering
exponential growth, one can
in fact witness a century-long
publication avalanche

”
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Citation dynamics can also be used to trace the developmental activity of scientific fields and to determine
their functional interrelation. A very insightful dynamical
network, a map of science (Fig. 2) was created this way
by Eigenfactor.org [6]. The evolution and the interaction
of different fields has some analogy with the star formation in an early galaxy: new fields emerge, grow, while
some others shrink in an interactive, dynamic ambiance.
The enormous multitude of papers is published in a
wide range of an estimated 25.000 scientific journals. The
number of scientific journals also exhibits a rapid growth
at a rate of about 3% each year [7]. Journals can be ranked
by their impact factors. In Fig. 3 the impact factors of 8300
scientific journals is plotted versus their ranking for two
different years, as derived from the Thomson Reuters
Journal Citation Report Database. A power-law with an
approximate slope of -0.5 nicely describes these distributions. Interestingly, the same exponent was obtained for
the citation rank distribution of scientific publications [8].
Power-law for ranking distributions might indicate hierarchical correlations among the constituents involved.
One can think of the Zipf plots (i.e., log of the variable
being analyzed vs. log of the rank) also for word occurrence
distributions in different languages, or city size distributions. Such a hierarchical arrangement could explain the
related growth of the number of scientific journals. A new
discovery induces a flow of workforce and leads to a related nucleation of new journals in a hierarchical way [7,9].
According to Fig. 3, one can intuitively distinguish
three classes of journals: top journals (trend setters),
middle-class competitors (power-law scaling regime),
and follower-class journals. Such a hierarchical structure
of the middle-class journals can be compared with the
case of turbulence. A large eddy, i.e., a pioneering scientific idea or a new methodology, creates smaller ones
in a cascading way, leading to a self-similar, power-law
scaling behavior [9].
The parallel citation and impact factor competitions
induce a dual, interconnected expansion. Recently, Physical Review Letters and Applied Physics Letters opened
up the usage of an extra page for citations only. Such a
change will probably further inflate their own impact
factors, but at the same time will contribute to an overall
inflation in the use of references for bibliometric purposes
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[3]. Another influent parameter will be the generalization
of the Open Access models, which opens new avenues
to publishers by providing a barrier-free access to their
publications [10]. However, the long-term effects of such
novelties are not easy to foresee.
Table 1 shows the top ten research journals sorted by
their impact factors for years 2012 and 2005. The impact factor vs. rank of Fig. 3 and Table 1 demonstrates
the aforementioned expansion process: one can in fact
witness a 20-30 percent overall inflation of the journal
impact factors over the considered short period of time.
This corresponds to an annual impact factor inflation
rate of 3%, in agreement with the earlier findings of [3].
For the leading impact factor, one can even see a startling
tripling. This hyper-expansional trend could probably
be attributed to an enrichment/segregation process to
publish in the most prestigious journals.

Perspectives on Scientific Research
and Publication Dynamics
The discussed bursting trends, both in publication dynamics and in the growth of the society of scientific
journals, support the intuitive picture that positive feedbacks are inherently encoded into the scientific activity.

The rich-gets-richer effect [9,11] creates segregation/
broadening trends, which contributes to more competitive research environments but also to a rather broad
and diverse carrier spectrum. At the top end, one can
speak of star scientists, who are often skilled managers
and businessmen at the same time. At the other end,
one can find the existential scientists who constantly
work for their survival and contribute mainly to an incremental research. Furthermore, the increasing pace at
which the research environment changes seems to lead
to an overall loss of job security [12]. The job spectrum
seems to shift towards more temporal options requiring
faster adaptation and higher mobility at the same time.
In terms of the development of research institutes and
collaborations, this novel dynamics might be somewhat similar to the process of Ostwald ripening: the
larger/more prestigious units grow at the expense of
the smaller/provincial ones in a research environment
with limited resources. The concomitant dispersion of
workforce might lead to a significant broadening of the
pursued research quality as well. This trend, together
with the hyper-competition induced compulsive publication habits pose severe problems that are in the focus
of very recent discussions [13].
b FIG. 2:

A map of science,
based on the citation
network within and
among a vast range
of scientific fields.
[Reproduced with the
kind permission of
C.T. Bergstrom,
M. Rosvall,
and J. West at
eigenfactor.org]
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In conclusion, it is believed that some of the potentially dangerous runaway trends in publication dynamics are triggered by underlying epistemological features
of scientific research itself. In order to attain a deeper
understanding of the involved branching processes and
to cultivate a sustainable scientific development, the
paper calls for an open, multilateral discussion on the
mitigation of the multiplication trends in the publication landscape. n
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m FIG. 3:

Rank distribution of
scientific journals’
impact factors for
years 2011 (red
curve) and 2005
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the Thomson Reuters
Journal Citation
Report Database. Low
rank numbers mean
high reputation.
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Top ten research
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their 2012 impact
factors, using the
Thomson Reuters
Journal Citation
Report Database.

Rank (2012)

With the ever accelerating pace of research it is natural
to ask whether this steady state of growth has actually
become the ultimate goal of scientific research itself. Indeed, mega/giga/tera-projects such as large scale particle
accelerators, knowledge accelerators to be funded by EU
Flagship calls [14], extensive scientific networks of super-centers around the globe, data/text mining robots,
together with the unparalleled growth of computational
and modeling capacity [15] for “big data” are likely to
outline the beginning of a new emerging era. Is science
actually confined to grow and accelerate further?
If such inflative publication trends further prevail,
by the end of this century the highest journal impact
factors would probably exceed 1000. In this way, we
might have more than 100.000 peer-reviewed scientific
journals available with a total mass of 10.000.000 yearly
publications. Such an enormous growth potential will
certainly raise several socio-economical concerns and
stability issues, the analysis of which extends well beyond
the scope of this paper.
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Chemical Reviews
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Nature Reviews Genetics
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19.211
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Lancet
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23.878
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Nature
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29.273
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Nature Reviews Molecular Cell Biology
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29.852
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Annual Review of Immunology
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Nature Materials
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The discovery of extrasolar planets, or “exoplanets” – i.e., planets orbiting around
other stars – may be seen as the major discovery of astronomy over the past two
decades. About twenty years ago, in 1992, the first discovery of a couple of planets
around a pulsar was announced by A. Wolszczan and D. Frail.

T

he discovery was based on an analysis of
anomalies in the periodicity of the pulsar
radio signal. Three years later, M. Mayor
and D. Quéloz reported the first detection
of an exoplanet around a solar-type star, 51 Peg. The
method used this time was the so-called radial velocity

technique, which consists of measuring the velocity of
the star around the center of gravity of the star-planet
system with high accuracy. This discovery, soon followed
by many others, had an immense impact in the scientific
community and beyond. While the idea of the plurality of worlds had been in the air for centuries and even
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exoplanets have highly eccentric orbits. From statistical
studies based on Kepler data, it appears that nearly each
star in the Galaxy might be surrounded by a planet.

How to form an exoplanet?

m FIG. 1: Upper part: Geometry of primary and secondary transits, which occur when the planet passes

in front of the star and behind it. Lower part: light curve of the star during and between the two events.
For a hot Jupiter, the depth of a primary transit may be about 1%. The depth of the secondary transit
is significantly smaller. The light curve is maximal just before and after the secondary transit because
the dayside of the planet (hotter than the nightside) is observed.

since Antiquity, the nature of the first observed exoplanets
raised an immense surprise: the newly detected exoplanets were giant objects orbiting in the immediate vicinity
of their host stars; they were thus very different from
solar-system planets, and different scenarios had to be
considered for their formation.
Since the beginning of the XXIst century, a new method
has been successfully used. It consists of detecting transiting planets as they move across their host star: during the
transit, the stellar flux is slightly reduced and this small
decrease (about 1% for giant exoplanets) can be monitored
by high-precision radiometry. This method, well adapted to
giant planets orbiting close to their host stars, has proven to
be very successful over the past ten years, thanks especially
to the very successful Kepler mission, in operation between
2009 and 2013. Other techniques, including direct imaging,
have also led to several tens of detections and are expected
to be very promising in the near future.
As of today (December 2013), over a thousand exoplanets have been discovered in about 800 planetary
systems. They show an incredible diversity in their masses, densities, and orbital properties. The masses range
from several Jovian masses down to less than a terrestrial
mass; their density range exceeds by far the one of solar
system planets. The distribution of the mean distance to
their host stars shows two maxima, one at close distance
(about 0.04 au*) – this category includes the giant exoplanets first detected by velocimetry – and another one at
a few au (but this might be an observational bias). Some
The astronomical unit (au) is the mean distance between the Earth and the Sun, i.e.
about 150 million kilometers.
*
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The huge diversity in the physical and orbital properties
of exoplanets forces us to reconsider the model of planetary formation currently accepted for the solar system.
This model is based upon the properties of planetary
orbits, mostly coplanar, circular and concentric around
the Sun. Following the early concepts developed by Kant
and Laplace in the 18th century, it is now agreed that
solar system planets formed within a disk, following the
gravitational collapse of the fragment of an interstellar
cloud in fast rotation. The Sun formed at the center and,
within the disk, planets formed by accretion of solid
particles. Near the Sun, the only available solid particles were made of rocks and metals. As heavy elements
(formed by nucleosynthesis in stars) are relatively rare,
the planets formed in this region – the “terrestrial”, or
“rocky” planets – were dense but small in size. In contrast,
at larger distances from the Sun where the temperature
was lower than about 200 K, the more abundant elements
(oxygen, carbon and nitrogen) could be incorporated in
solid nuclei in the form of ices (H2O, CH4, NH3...), making it possible for nuclei to reach a mass of about ten to
fifteen terrestrial masses. Beyond this critical mass, they
were able to accrete the surrounding nebula – mostly
made of hydrogen and helium – through gravitational
collapse. This process explains the formation of giant
planets, characterized by a large mass, a large volume
and a low density, surrounded by a system of rings and
satellites. The limit between the two kinds of planets is
the distance of water condensation (at about 180 K) that
defines the snow line.
This scenario naturally predicts that small rocky exoplanets are expected near their host stars, while giant exoplanets should be found at larger distances. How can this
be reconciled with the discovery of many giant exoplanets
near their stars? A new mechanism has been invoked to
raise this apparent contradiction. According to current
formation models of planetary systems, the first step of
planetary formation takes place in a protoplanetary disk,
with giant objects formed far from the star, as for the solar
system; but a migration process soon takes place as a result
of planet-disk interactions, and the giant exoplanet migrates toward its host star. For still unclear reasons (possibly
a truncation of the disk’s inner edge), the inward migration
process often stops at about 0.03 - 0.05 au, before the planet
is immerged in the star. From the observations of exoplanets’ physical and orbital properties, this process appears to
be relatively common in other planetary systems. By the
way, recent numerical simulations suggest that solar system giant planets also encountered some migration effects,
although less extreme than observed around other stars.
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What are exoplanets made of?
The transit method allows us to retrieve the radius of
an exoplanet and its distance to the host star; coupled
with radial velocity measurements, its mass and density
can also be inferred. However, knowing the density of a
planet is not sufficient to determine its nature. An object
of density close to 2 g/cm3 may be an icy body or a mixture including a rocky/icy core and a hydrogen envelope.
The only way to understand the nature of an exoplanet
is to characterize its atmosphere. Over the past decade, a
new method has emerged: the spectroscopy of transiting
exoplanets. The idea is to measure the spectrum of the
exoplanet as it transits in front of the star (primary transit) or behind it (secondary transit; Fig. 1). The planetary
spectrum is obtained as the difference between the star’s
spectra recorded either during the transit or before/after
the transit.

Transit spectroscopy
of exoplanets’ atmospheres
Primary transit spectroscopy was first performed with
the Hubble Space Telescope in the visible range, where
atoms (Na, K) and ions (C+) were first detected, and
later in the near infrared, where molecules (H2O, CH4 )
were found (Fig. 2). In the case of primary transits,
the planetary atmosphere is observed at terminator,
and the spectral signatures are seen in transmission
in front of the stellar continuum. Secondary transit
observations lead to a direct detection of the dayside
emission of the planet. This emission can be either
reflected or scattered stellar light (typically in the visible range) or thermal emission from the planet itself
at longer wavelengths.
In the case of giant exoplanets very close to their
host star (“hot Jupiters”), the thermal emission dominates the whole near infrared range above 1 μm. In
this case, molecular signatures can appear in emission
or in absorption, depending on the temperature gradient of the atmospheric region where the radiation
comes from. The interpretation of the spectra is thus
more ambiguous and depends upon the temperature
gradient. On the other hand, the molecular detection
becomes more favorable in the mid infrared as the
flux ratio between the planet and the star increases
with wavelength. Several molecules (H2O, CH4 , CO2
and CO) have been identified in a few hot Jupiters,
from data obtained with the HST in the near infrared
range and the Spitzer satellite at longer wavelengths
(Fig. 3).
So far, spectroscopic observations of transiting exoplanets have been limited to bright targets, mostly hot
Jupiters. This very promising technique, however, opens a
new window in the exploration of exoplanets and should
lead, within a couple of decades, to the atmospheric characterization of a large variety of objects.

Atmospheres of exoplanets:
what can we expect?
Now that the characterization of exoplanets’ atmospheres
can be foreseen as technically feasible in a reasonable future, it is interesting to consider the problem from another
point of view and try to infer the possible nature of an exoplanet’s atmosphere, on the basis of its physical and orbital
parameters. Knowing the mass of an exoplanet, its distance
to the host star and the spectral type of this star, one can
estimate its equilibrium temperature, i.e., the temperature
of a blackbody, which would receive the same amount of
stellar flux. By analogy with solar system objects, the albedo
of the planet (i.e. the fraction of stellar flux that is reflected
by the planet) can be assumed to be in the range 0.03 to 0.3.
Hot Jupiters (at distances of 0.03 - 0.05 au from their host
stars) are found to have typical equilibrium temperatures
in the range of 1000 K to 2000 K.
Assuming, as a first approximation, that the atmospheric composition of exoplanets is consistent with
thermochemical equilibrium, one can estimate which
molecule is expected to dominate under given temperature and pressure conditions. Regarding carbon and
nitrogen, CO and N2 are expected to dominate at high
temperatures and low pressures, while CH4 and NH3
dominate under opposite conditions. This explains, to
first order, why solar system giant planets are dominated
by H2, CH4 and NH3 while rocky planets (not massive
enough to keep the hydrogen) are dominated by CO,
CO2 and N2 (the Earth being an exception as the large
abundance of oxygen results from the appearance of life).
Water is also expected to be present in both kinds of
planets, especially the giant ones, formed from big icy
cores beyond the snow line.
. FIG. 2: An example of primary transit observations of the hot Jupiter HD189733b. Data (black triangles)

have been obtained with the Hubble Space Telescope. Models include absorption by water vapor (red
curve) and by water vapor and methane (blue curve). Comparison with data shows that both water vapor
and methane are present. The figure is taken from M. Swain et al. Nature 452, 329 (2008).

EPN 45/1 25

FEATURES the atmospheres of extrasolar planets

Following these remarks, a simple classification can
be proposed for understanding the atmospheric composition of an exoplanet. Two parameters are important:
its mass and its equilibrium temperature Te . The value of
Te is to be compared with the temperature of the snow
line, i.e., 180 K.
1) If the exoplanet’s mass is below ten terrestrial masses,
the object can be considered as either a rocky planet (if
Te > 180 K) or a small icy planet (if Te < 180 K). A proxy
would be Mars or Venus in the first case (N2, CO2, CO,
possibly H2O atmosphere), Titan in the second case
(N2, CH4 atmosphere).
2) If the exoplanet’s mass is above about 15 terrestrial
masses, the object is expected to have accreted the
surrounding protostellar gas (mostly hydrogen and
helium). Its atmosphere is thus expected to be dominated by these gases. In the case of hot Jupiters, one
can expect a CO/N2 composition very close to the star,
and a CH4/N2 or CH4/NH3 composition at increasing
distances from the star. For low values of Te (< 180 K),
we find the case of the solar system giant planets, dominated by H2, CH4 and NH3.
It should be pointed out that this oversimplified model
has strong limitations. First, no migration is assumed,
while we know that this process is common in planetary
systems. Migration is a likely mechanism, which could
possibly explain two kinds of exotic hot exoplanets. Some
are giant objects with a very low density, as HD209458b
(d = 0.36 g/cm3). These objects could be “inflated Jupiters” whose atmosphere is escaping due to very high
. FIG. 3: An example of secondary transit observations of the hot Jupiter HD209458b. Data (black points)

have been obtained with NICMOS on the HST (short wavelengths) and Spitzer (long wavelengths).
Different models include different molecular contents and different vertical temperature profiles. The
“Trop” label refers to the level of the tropopause, i.e., the level where the atmospheric temperature is
minimum; the pressure of this level is indicated in the figure. In the red model, which has no temperature
inversion, the strongest molecular signatures appear in absorption. In the three other models, which
use a temperature inversion, they appear in emission. The figure is taken from G. Tinetti and C. Griffith
(2010) in “Pathways toward Habitable Planets”, ASP Conference Series 430, 115 (2010).
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exospheric temperatures. Other small and very hot objects exhibit a high density, much larger than the one of
a rocky planet. It has been suggested that these objects
might be the leftovers of big cores, formed far from the
star and once surrounded by a massive gaseous envelope.
They would have been subject to a strong compression
factor, and they would later have migrated toward their
host star – thus losing their gaseous envelopes through
atmospheric escape processes – in a time short enough
for their cores to keep their high density.
Other processes, known to be at work in solar system
planets, may lead to departures from thermochemical
equilibrium. The first one is transport-induced quenching
which may bring disequilibrium species from the interior
up to upper atmospheric levels by vertical motions, at
a timescale shorter that the destruction lifetime of the
species (this is the case, in particular, for PH3 in Jupiter
and Saturn). The second mechanism is photochemistry, which leads to the formation of new species, like the
stratospheric hydrocarbons formed in the giant planets’
stratospheres from photodissociation of methane. From
the few measurements presently available on hot Jupiters,
it already appears that departures from thermochemical
equilibrium might occur. Most likely, new measurements
will bring new surprises and will be diagnostics of other
possible physicochemical processes.

A bright future
While the first spectroscopic observations of transiting
exoplanets were mostly achieved from space, with the
HST and Spitzer, more and more observations are now
performed from the ground, using 3-m to 10-m class
telescopes. In the near future, ongoing developments in
the ground-based instrumental performances, the sizes
of the telescopes and the data processing algorithms will
allow us to characterize the atmospheres of more and
more exoplanets. A key milestone will be the extremely
large telescopes and, in particular the E-ELT of the European Southern Observatory, presently under development, whose first light is foreseen by the beginning
of the next decade.
In parallel, the 6-meter James Webb Space Telescope,
expected to be launched in 2018, will be of major interest
for recording high-resolution spectra of bright targets.
However, the best tool for characterizing the atmospheres
of a large sample of exoplanets will be a dedicated space
mission, capable of recording simultaneously the visible
and infrared spectra of a large number of objects. The
EChO (Exoplanets Characterization Observatory), submitted to the European Space Agency in the frame of the
Cosmic Vision programme, is designed for this purpose.
It includes a 1-m-class telescope to be located at Lagrange
point L2, equipped with a spectrometer covering the
wavelength range 0.4 μm to 16 μm, with the objective
of measuring the spectra of a wide variety of objects,
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from hot to temperate, over a wide range of masses, from
Jupiters to super-Earths. If selected, the EChO mission,
planned for a launch in 2022 and a lifetime of at least 4
years, is expected to open a new window in our understanding of exoplanets’ atmospheres, in the same way as
the Kepler mission has revolutionized the inventory of
extrasolar planets. n
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[Letter to the Editor]
by Yehoshua Socol
Falcon Analytics, Israel

Chernobyl’s Legacy: Black Prophecies’ Bubble

H

uman suffering, extensive spending
and persistent discussion of nuclear
safety and radiation hazards after
the Fukushima accident (2011) justify reconsidering the consequences
of the Chernobyl nuclear accident
about 25 years earlier (1986). There
30 people died within several weeks,
while the accident’s scale was unprecedented — and probably about
the largest theoretically possible. A
lot of predictions were then made,
with some of them being used till
nowadays. Most of those predictions were a priori unobservable
and therefore unscientific. Namely, according to the conservative
(overestimating) linear no-threshold hypothesis (LNTH) of radiation
carcinogenesis, the predicted cancer
excess was below 1% — unobservable for the given 5% cancer rate
variation due to socio-economic and other factors. A posteriori,

according to solid scientific data
gained over the quarter of century,
at most 15 cancer deaths may be
directly attributed to the fallout radiation. Particularly, no conclusion
can be drawn as to the presence of
a radiation-related cancer excess
among the recovery workers (“liquidators”), who received relatively
high radiation doses which are
well-documented. The number of
radiation-related mutations (congenital malformations) is just zero.
Two popular myths challenge
the above scientific evidence: (a) the
raw medical data is filtered by local
governments, (b) the data-analyzing agencies (IAEA, UNSCEAR
and WHO) are pro-nuclear biased.
Both arguments are, speaking politically-correct, alternatively convincing. Regarding (a) — just the
opposite, all the affected countries
are keenly interested in exaggerating the medical consequences, taking into account extensive Western

investment in the relief efforts and
in dealing with the still-problematic
reactor. Regarding (b), profoundly anti-nuclear circles (including
but not limited to “green” parties)
have significant influence in Europe —and would have challenged
any pro-nuclear bias, if it really was
there. Moreover, the mentioned
above respected agencies promote
LNTH to the discomfort of the nuclear industry.
The myths and misperceptions
about the radiation hazards themselves caused enormous human
suffering. In addition to the socio-economic problems associated
with relocation (mostly unjustified), the mental health and psychosomatic problems proved to
be grave. Similar problems should
be avoided in future by means of
putting radiological hazards in
their actual proportion. For more
details: www.AFNA-forum.org/
Chernobyl.pdf n
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The role of theology in relation to science is not to try to tell physics how to answer
its own proper questions. We have every reason to believe that physics questions
will eventually receive physics answers. However there are meaningful and necessary
questions which arise from considering the results of physics but which exceed its selflimited power to address.
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hysics has been wonderfully successful in
answering its own questions because it has
carefully limited its ambition. Its concern is
solely with questions of process (how things
happen in the world) and it has bracketed out other
questions, such as those of value, meaning and purpose
(is there something going on in what is happening?).
It is just these questions which lie at the heart of religious concern and they surely need to be addressed
if we are to gain a full understanding of the nature of
reality. When this kind of questioning is prompted by
physical discoveries, learned people call the issues raised
metaquestions, that is to say, questions which take us

beyond their initial starting point. One of the roles of
theology is to deal with these metaquestions by setting
the discoveries of science in a yet broader and deeper
context of understanding.
An example of such a metaquestion is to ask ‘Why is
physics possible at all in the deep way that it has proved
to be?’ Of course, it is no doubt true that evolution has
so shaped our brains and minds that we can understand
the workings of the everyday world in which we have
to survive. But our human powers of discovery and understanding vastly exceed the needs of simple survival.
Why can we understand regimes such as the subatomic
quantum world or the cosmic realm of curved spacetime,
which are counterintuitive in character and remote from
directly discernible impact on everyday life? The fact that
we can discover the nature of these regimes raises the
question of why we are so lucky. Anyone seeking an understanding as deep and comprehensive as possible – a
quest so natural for the scientist – is surely bound to
seek a wide perspective which can make deep cosmic
intelligibility itself intelligible.

Intelligibility
In fact the issue of intelligibility is deeper than simply
the remarkable scope of scientific success, for not only
has the universe proved to be rationally transparent
to our enquiry, but it is also rationally beautiful. It has
turned out to be the case that a fertile guide to discovery in fundamental physics has been to seek theories
whose expression is in terms of equations possessing
the unmistakable character of mathematical beauty. Paul
Dirac made his great discoveries in quantum physics
through a relentless, and highly successful, search for
beautiful equations. He once said that this was a ‘very
profitable religion’ to have. His brother-in-law, the Nobel nuclear theorist Eugene Wigner, called the ability
of abstract mathematics to unlock the secrets of the
physical universe, its ‘unreasonable effectiveness’ and
said it was a gift that we neither understand nor deserve.
Albert Einstein was deeply impressed by the wonderful
order of the physical world, saying that when he made
his great discoveries he felt like a child in the presence
of the Elders.
Theoretical physicists are happy to exploit the opportunities provided by the fact of deep and beautiful
intelligibility, but simply as physicists, they are unable to
explain why this is the case. Yet it would surely be intolerably intellectually lazy just to treat it as an amazingly
fortunate accident. A religious perspective on the physical
world, understanding it to be a divine creation, can offer
the insight that deep cosmic rationality is an indication
that the Mind of the Creator lies behind its wonderful
order and our access to it reflects the fact, to use an ancient
and powerful phrase, that we are creatures made ‘in the
image of our Creator’.
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It is not logically inevitable to understand intelligibility
in this way but, in my opinion, it is the most intellectually
satisfying way to do so. This discussion illustrates the
right way to understand how religion and physics relate to
each other. They are not foes, offering conflicting explanations of the same thing, but friends that complement each
other in the quest for truthful understanding. Religion
should accept gratefully all that physics can tell it about
the structure and history of the physical world and then
seek to set that knowledge in a wider and deeper context
of intelligibility.

Cosmic fine-tuning

“

One of the most remarkable discoveries of recent physics has been the recognition that the fertile process of
cosmic evolution – in the course of which the initial
almost uniform expanding ball of energy emerging
from the big bang has turned into a world containing
the diverse and richly complex realm of terrestrial carbon-based life – has only been possible because the
basic laws of physics take a very particular, ‘fine-tuned’
form. In a journal like this it is not necessary to go into
the details of what leads to this unexpected conclusion,
though it is worth recalling that among those necessary
conditions is that the cosmological constant is 10-120
smaller than straightforward estimation would lead
one to expect.
Once again we face a metaquestion taking us beyond
the scope of physics itself. For the physicist, the form of
the fundamental forces of nature is a just given brute
fact from which the explanation of particular physical
processes is to be derived. Yet it would surely again be
intellectually lazy just to leave the matter there and treat
fine-tuning as an incredibly happy accident. A religious
perspective will see fine-tuned potentiality as the gift
of the Creator to a
creation ordained
to have a fruitful
history. Those who
reject this insight
are driven to turn
to the hypothesis
of the multiverse,
a vast, possibly infinite, collection of
different universes,
each separate from each other and with different laws
of nature, in which ours is, just by chance, the one in
which carbon-based life is a possibility. Of course, just
by itself, the assumption of even an infinite collection
of different universes would not be enough to explain
fine-tuning. An infinite array does not necessarily include members with all desirable properties (there is
an infinite number of even integers, but none has the
property of oddness). The notion of the multiverse can

Religion and physics are not foes,
offering conflicting explanations
of the same thing, but friends that
complement each other in the quest
for truthful understanding

”
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to some extent be motivated by highly speculative ideas
of quantum gravity, such as string theory, but in my
opinion the basic unobservability of those other worlds
makes their existence in a multiverse a metaphysical
assumption, just as the existence of a divine Creator
is a metaphysical assumption. There is no logically coercive principle to settle the choice between these two
possibilities (it clearly cannot be settled empirically),
but I would assert that the creation hypothesis is the
stronger because it is supported by collateral evidence,
such as both cosmic intelligibility and the fact of religious experience, which seems lacking in the case of
the multiverse.

Causality
In the second half of the eighteenth century, the deterministic character of Newton’s equations encouraged many people to see the physical world in strictly
mechanical terms, as if the universe is a gigantic piece
of cosmic clockwork. Since classical fields are as deterministic as classical particles, the discovery in the
nineteenth century of classical field theories did not
significantly alter the picture (though some theologians seem mistakenly to suppose it did!). However, there
was always something suspicious about this point of
view since human basic experiences of freedom and
choice surely show that, though we are inhabitants of the
physical world, we are not mere automata. In any case,
twentieth-century physics saw the death of this merely
mechanical picture through the discovery of intrinsic
unpredictabilities present in nature, first in quantum
theory and later in chaos theory. The physical world has
proved to be something more subtle than clockwork.
The vital question then is, is it also more supple, to some
degree open to the future?
Unpredictability can be due to two quite different reasons. One would be an actual degree of intrinsic indeterminism present in nature, such as that which is supposed
in Niels Bohr’s Copenhagen interpretation of quantum
theory. The other possibility would be that unpredictabillity is simply the result of a necessary ignorance, arising from an intrinsic inaccessibility preventing us from
gaining knowledge of all the detailed factors which in
fact actually fully determine what is happening. David
Bohm’s deterministic interpretation of quantum theory
has this character due to the presence of a ‘hidden wave’
which influences the behaviour of particles. The fact that
the theories of both Bohr and Bohm, though radically
so different in character, yield the same empirical consequences shows that the choice between them cannot be
made simply on purely physical grounds but it requires an
act of metaphysical judgement. I personally find Bohm’s
ingenious theory to be too contrived to be persuasive
and so I side with most other physicists in giving my
vote for Bohr.

This little story makes a very significant point.
Though our ideas about the causal structure of the
world are certainly constrained by what physics has to
say, they are not fully determined by it. It has not established the causal closure of the world on its own terms
alone. There is the possibility of a degree of openness
which allows for other causal principles also to be at
work in playing a part in bringing about the future. I
personally believe that these principles exist and include the intentional acts of agents, both human and
divine. According to this picture, divine providence
operates in the history of the creation, but not by occasional interference from outside (a view that has
serious theological difficulties about a god who would
seem to be capricious and arbitrary in interfering with
his own decreed order of creation), but within the open
grain of created nature.

Surprise
Our exploration of the physical world has often shown
that it has characteristics of a surprising kind that we
could not have guessed beforehand. Any philosophically minded person in 1899 would have been willing
to ‘prove’ the impossibility of something sometimes
behaving like a wave (spread out and oscillating) and
sometimes like a particle (a little bullet). When light
was discovered to have this counterintuitive duality, it
certainly gave physicists a problem which it took them
25 years to resolve. Only the stubborn nudge of nature
could have led eventually to the discovery of quantum
superposition, with states made up of an indeterminate number of particles being the ones that manifest
wavelike properties.
An important lesson can be learnt from this story.
The instinct of a physicist faced with a surprising possibility should not be to ask ‘Is it reasonable?’ as if we
were sure we knew beforehand the shape that rationality has to take. No-one in 1899 would have thought
wave/particle duality reasonable. Instead our instinct
should be to ask, both within physics and beyond it, a
different question which is both open and demanding
: ‘What makes you think that might be the case?’ No
possibility is ruled out beforehand, but if a strange
proposal is made, it must be backed up with evidence
for its truth. The essence of rationality is to seek to
conform our thinking to the actual nature of what we
are trying to think about and that must be dictated
by the object of our thought, however surprising its
nature may turn out to be.
This is a lesson that is valuable also for theology. If
the physical world, which we transcend and can manipulate experimentally, can surprise us, should we not
expect the same to be true of the God who transcends
us and is not to be put to the experimental test? To say
this is not to endorse ungrounded speculation, but to

“

Physics and theology FEATURES

seek truth through
engagement with
carefully evaluated evidence. I
believe that physics and theology
are cousins under
the skin in that
both, in their respective ways, are
concerned with a
search for truth
attainable through well-motivated belief. I call this
intellectual strategy ‘bottom-up thinking’, seeking to
move from experience to understanding, in contrast
to ‘top-down thinking’, which believes that it can start
with clear and certain general ideas, before descending
to the consideration of particulars. The trouble with the
latter approach is that the claimed general ideas have
often proved to be neither clear nor certain. I believe
that theology can proceed in this bottom-up fashion
though obviously its motivations derive from the evaluation of a deeply personal kind of experience, not
open to repetition at will in the way that gives physics
its great secret weapon of open access to experimental
confirmation. I have sought to treat Christian theology
in a bottom-up fashion as it wrestles, for example, with
belief in the duality of the human and the divine in
Jesus Christ [1].

I believe that physics and
theology are cousins under
the skin in that both, in their
respective ways, are concerned
with a search for truth attainable
through well-motivated belief

”

I would like to end on a personal note. In 1979, when
I resigned from my chair of mathematical physics at
Cambridge to study theology and train to become an
Anglican priest, my life changed in all sorts of ways.
But in one important respect it remained unchanged.
Both as a physicist and as a theologian, I have been
concerned with the search for truth through well-motivated belief. n
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B

ack in 2007, when the ERC
Scientific Council was establishing its strategy, I asked a
physicist friend if the kind of frontier
research we intended to fund would
reveal the dynamics of a moving ‘frontier’ in physics. His answer was “No”.
Seven years later the ERC’s achievements in changing the European
research landscape stand out impressively. It boosts the scientific careers
of Starting and Consolidator grantees, and allows Advanced grantees
to pursue those exciting projects that
might not have received funding elsewhere. The high scientific reputation
that comes with an ERC grant acts as
a powerful leverage on host institutions and national funding agencies
throughout Europe. As a result of
the first pan-European competition
based on scientific excellence only, the
outcome of each ERC call holds up
a kind of mirror showing strengths
and weaknesses across the European
research landscape. We see a concentration effect with approximately 50%
of ERC grants going to 50 institutions,
while the other half is dispersed across
more than 500 institutions. None of
this could have been achieved without the continuing commitment of
many colleagues serving on physics
and physics-related panels.
So, what have we actually funded?
Physics projects fall into the PE domain
and are mainly covered by panels PE2
“Fundamental constituents of matter”,
PE3 “Condensed matter physics” and
PE9 “Universe sciences”. Grants evaluated by these panels represent about
14% of the ERC project portfolio, or
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around € 1 billion, attributed to some
560 projects. Alas, only 13% has been
awarded to women physicists. Significant grouping of projects cluster
around topics like: Going beyond
the Standard Model; The unification
theory; Ultra-short laser physics; Nanophysics; The great unknowns (dark
matter and dark energy) and Detection
of Earth-like extra-solar planets.
Many excellent projects can also
be found in areas such as quantum
many-body systems and quantum
optics and information, ranging from
quantum physics fundamentals like
entanglement to practical applications
like quantum chips, processors and
cloaking devices.
Physics did also remarkably well
in the ‘Synergy Grant’ scheme which
was launched as a pilot scheme for two
calls, yielding some very exciting science. For instance, using data provided
by the soon-to-be-completed Atacama
Large Millimetre Array (ALMA), one
research team plans to obtain the first
ever “picture” of a black hole, and to
test the general theory of relativity in
the strong-field limit. Another team
proposed to obtain new knowledge
about the mysterious cosmic dust that
permeates the entire universe.
My friend was right. The ‘frontier’ of physics has its own dynamics
which cannot simply be pinned down.
By giving full freedom to scientists to
pursue directions that emanate from
their curiosity and scientific imagination, frontier research allows to chart
familiar terrains in greater depth and
to explore new terrain for physics
in Europe.
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With an increasing stream of
top publications emanating from
ERC-funded projects, we will continue
to analyze and monitor contributions
from ERC grantees.
Under ‘Horizon 2020’ the ERC
will receive a considerably increased
budget. As history abundantly
demonstrates, fundamental research
is at the core of the amazing technological advances we enjoy today.
Investment in fundamental research
cannot be turned on and off following
economic cycles. The reason is very
simple: science is done by people. It
takes years of training, passion and
curiosity to deliver. The ERC exists
to enable them to do exactly this. The
outcome will prove that this investment was one of the wisest decisions
for the future of European science. n
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