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Editorial
History of Science as Complementary Science
Jan Lacki, Uni Genève
Physicists strive for novelty; they strive for discovery of new
facts or for explanation of yet unclear phenomena. When
they succeed, their achievements are then thread into the
tapestry of current physical knowledge supported by fundamental theories of which these successes become new
domains of illustration and application.

takes a critical look at physics because it replaces it in the
complex network of economical, political and, more broadly,
social interdependencies. Physicists should here take no offense: it is just that their discipline is part of our civilization,
for the best or the worst…
This professionalization and broadening of history of physics is also double-edged. On one side it brings the lacquer
required to strengthen its purpose and credibility. But, on the
other, it emphasizes the need for a proper training. It is just
not enough anymore to claim interest in the history of one’s
field to become its historian. For sure, there are exceptions,
but, to make it short, it is not enough to claim interest in history or to put dates over received views to bring "historical"
substance to one’s fancies.

Turning back to "old" (here understood as "already woven in
the tapestry") problems, is thus not considered as the apex
of physics thrill. Such a pursuit is left, most of the time, to
people dealing with foundations, people supposedly driven
by the desire to achieve the most concise/elegant construction of physical knowledge on as much physically compelling
basis as possible, or on the most mathematically secured
expression of it. These intentions merge easily, on one side,
with philosophy, and with (pure) mathematics, on the other.
This is, maybe, what makes them, in the eyes of average
"working physicists" as peripheral, and why their practitioners are sometimes regarded with some suspicion…

Much of what I said is not really new. And, in spite of their idiosyncrasies, historians and physicists are today going along
rather well. But there are some new ideas about how history
could help actual research. Indeed, it is worth to ask the
question: is history of physics only restricted to revive past
episodes, to comment on established (or, on the contrary,
on "off-mainstream") results, to celebrate received views?
Some scholars say no. They venture to claim that history of
physics has potentially another important role, a role which
should bring it closer to what working physicists understand by "research". I am referring here to what some have
termed as "complementary science". Hasok Chang, professor at the Department of History and Philosophy of Science
at University of Cambridge and one of the foremost proponents of "complementary science", defines the latter as "a
productive direction for the fields of history and philosophy
of science, without denying the importance of other directions". He thinks that "it can trigger a decisive transformation in the nature of scientific knowledge by adding a body
of knowledge that combines a reclamation of past science,
renewed judgment on past and present science, and exploration of alternatives". In other words, one can consider history and philosophy of science "as a continuation of science
by other means".

Now, there is another physics related activity where turning back to already understood results is at its core: this is
history of physics which does not, at first sight, even bring
any of the advantages of the quoted ways of keeping busy
with established physics. Is this the reason why historians
of physics are sometimes ignored? Indeed, I still remember vividly a private joke circulating at the time when I was
a young researcher in high energy physics. It illustrates
perfectly the sometimes contemptuous attitude of the community towards history. It went like this: when a physicist
grows old and does not feel anymore (read "does not have
anymore the stamina") working at the forefront of his field,
he turns to "technicolor" theories or to history of science.
To grasp the pun, one needs to remember that technicolor
theories were, in the eighties, considered (to make it short)
rather exotic and doomed to failure attempts at unified theories: this tells us then much about the rather poor esteem
physicists had for history of physics.
Now, these days are gone (or are they?). History of physics
has since grown in respectability as has history of science in
general. There are many reasons why. The growing recognition of the importance of history for didactics and for public
awareness of science has much to do with it. Also, history
of science has become a recognized professional field. It
is not anymore just a hobby for retired people. Now, do not
get me wrong: physics (as any discipline) needs its unconditional supporters. Among them one finds physicists who,
while no more "active" anymore, are still not willing to lose
touch with their discipline. Turning to the history of their field
is just one mode to do so and it is beneficial to the whole
community. But their interest in history should not anymore
define what history of physics is about. This is indeed part
of my message; the community of historians goes much beyond the circumference separating working physicists from
the "retired" ones. Historiography of physics is a profession,
with its rules and deontology. It is also a field that sometimes

Let me explain. No one will argue against that physics has
grown exceedingly complex. It divides into many fields with
continuously growing conceptual and/or linguistic fences
which prevent, in practice, efficient communication, not to
speak of unification 1. One becomes a particle physicist or
a condensed matter one, and one stays, most of the time,
so, in spite of the undisputed (?) fact that, at the very core,
underlying physical laws are the same…
This complexification, of which physics is just a case, comes
with a caveat. More and more ideas are proposed and more

3

1 In 1993, the physicist turned historian and sociologist, S. S. Schweber,
has published a very inspiring paper entitled "Physics, Community, and
the Crisis in Physical Theory" (Physics Today, November 1993, p. 3440) which remains a reference to anyone pondering about the ideal of
unification facing the reality of today’s research.
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and more are bound to be forgotten, be it because judged
irrelevant, or inefficient, or just wrong at the time of their
proposal, or maybe just too "weird" to be considered in their
context. The same can be said of anomalous observations
which do not quite fit the overall picture. Chasok Chang 2
views this in Kuhn-inspired terms 3: "normal science" (in the
Kuhnian sense), in order to keep stable and going, has to
discard some ideas or play down the evidence of some phenomena, those that do not fit right enough to currently ruling
paradigms. But their time might come (provided historians,
to quote only these, keep interest in them)…

A word of caution: promoting complementary science is not
an appeal to "crank science". Some facts are just false and
some ideas just violate fundamental laws of physics. Writing
on behalf of complementary science, I just want to pinpoint
the huge potential of ideas already put forth and, because
of many, say "complex", reasons, eventually put aside and/
or forgotten. Someone said intriguingly that our future laboratories are bound to be libraries: this does not mean of
course that physics will need no further experimental work.
This does not mean either that there is an end to new ideas.
What it means instead is that there is potentially much to
be gained from revisiting past conceptions and/or observations. They could have been, at their time or in their context,
judged "wrong". But their conceptual scheme or phenomenal soundness could have, nonetheless, some value when
considered from a renewed perspective. Historians can thus
bring back some fresh food for thought: clearly they will not
substitute for working physicists but they could help future
research because they naturally care about the past.

2 In his ground breaking book Inventing Temperature (Oxford University
Press, 2004) Chasok Chang has for instance considered the problem of
the boiling point of water and shown how present theoretical conceptions
fail to account for the phenomenal richness of it, a richness that past
investigations have duly recorded, see http://www.sites.hps.cam.ac.uk/
boiling/.
3 Thomas Kuhn has, in his celebrated book, The structure of scientific
revolutions (1962), characterized science as an irregular progression
where, from time to time, "scientific revolutions" (contrary to periods of
"normal science") revise received knowledge (paradigms) and bring forth
ideas or facts that were, until then, discarded.

The winners of the SPS Awards 2016
The SPS Award committee under the lead of Professor Louis Schlapbach selected the winners for 2016 out of numerous submissions.
Unfortunately there was no suitable candidate for the newly introduced SPS Award in Computational Physics, sponsored by COMSOL.
We nevertheless hope to receive numerous candidatures for the next round in 2017, see the award announcement on p. 70.
The 2016 winners presented their work at the annual meeting in Lugano. Below you can read the laudationes written by Louis Schlapbach
and the summaries written by the authors.

SPS Award in General Physics, sponsored by ABB
The SPS 2016 Prize in General Physics is awarded to
Susanne Baumann for her development of the coherent
manipulation of individual atomic spins on surfaces. Her
work, which was published in Science in 2015, showed that
the quantum states of individual atoms on surfaces are accessible to coherent quantum control. This initial work will

surely lead to the application of atoms on surfaces as qubits
for quantum computation as well as for exquisitely sensitive detectors of magnetic and electric fields. In addition,
Susanne Baumann is recognized for the exploration of the
magnetic properties of Co and Fe atoms with a combination
of scanning tunneling microscopy and x-ray absorption performed at the Swiss Light Source (Science 2014).

Electron spin resonance on single atoms
Susanne Baumann 1,2, William Paul 1, Taeyoung Choi 1, Christopher P.
Lutz 1, Arzhang Ardavan 3, Andreas J. Heinrich 1
1
IBM Almaden Research Center, 650 Harry Road, San Jose, CA
95120, USA
2
Departement of Physics, University of Basel, Klingelbergstrasse 82,
4056 Basel, Switzerland
3
Clarendon Laboratory, Department of Physics, University of Oxford,
OXI 3PU, United Kingdom

In a spin resonance experiment, radio-frequency radiation
drives transitions between low-energy spin states. Electron
Spin Resonance (ESR) experiments generally require a large
ensemble of nearly identical spins, but magnetic resonance
has, in certain systems, been detected also on individual
spins. Here we present how electron spin resonance experiments can be performed on single iron atoms in a scanning
tunnelling microscope (STM) by using a spin-polarized tip to

Louis Schlapbach, president of the Award Committee, Susanne
Baumann and Minh Quang Tran, SPS President.
4
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time of T2 ≈ 210 nanoseconds. This approach combines the high
energy resolution of conventional spin resonance (here ~10
neV) with the unique strengths of the tunnelling microscope to
characterize and modify an individual magnetic nanostructure
and its atomic-scale environment.

readout the atom’s quantum state. In contrast to conventional
ESR experiments, we use an oscillating electric field (20 to 30
GHz) to excite the spin resonance in the individual iron atoms
placed on a magnesium oxide film. We determine an energy relaxation time of T1 ≈ 100 microseconds and a phase-coherence

SPS Award in Condensed Matter Physics, sponsored by IBM
The SPS 2016 Prize in Condensed Matter Physics is
awarded to Marta Gibert
for her excellent PostDocresearch work on magnetic
coupling at oxide interfaces,
especially in the interface engineering of heterostructures
combining nickelates and
manganites. The observation
of exchange bias in superlattices of non-magnetic LaNiO3
and magnetic LaMnO3 layers
not only implied the develop-

ment of interface-induced magnetism in the paramagnetic
LaNiO3 layers, but also provided a very subtle tool for probing interfacial coupling.The experimental results were supported by firstprinciples calculations.
The results led to the publications:
"Exchange bias in LaNiO3–LaMnO3 superlattices“, M. Gibert, et al., Nature Materials 11, 195 (2012).
“Interfacial Control of Magnetic Properties at LaMnO3/
LaNiO3 Interfaces”, M. Gibert et al. , Nanoletters 15, 7355
(2015).
“Interlayer coupling through a dimensionality induced magnetic state in LaNiO3“, M. Gibert et al. Nature Communication 7, 11227 (2016).

The study of a unique magnetic coupling at
oxide interfaces

pected phenomena. The emergence of new phases due to reduced dimensionality or at interfaces between chemically distinct
compounds have led to some of the most interesting findings.
We report on how interface engineering can be used to induce
a new magnetic phase in the otherwise non-magnetic material
LaNiO3 [1]. We show that an induced antiferromagnetic order
can be stabilized in LaNiO3 by interfacial coupling to the insulating ferromagnet LaMnO3 in (111)-oriented LaNiO3/LaMnO3
superlattices. The emergent magnetism is used to generate an
interlayer magnetic coupling in the heterostructures of a nature
that depends on the exact number of LaNiO3 monolayers [2].
For 7-monolayer-thick LaNiO3/LaMnO3 superlattices, negative
and positive exchange bias is observed at low temperature before the stabilization of an antiferromagnetically coupled state
between the LaMnO3 layers above the blocking temperature.
All these behaviours are explained by the onset of an antiferromagnetic spiral order of (1/4, 1/4, 1/4)-wavevector in the ultrathin
LaNiO3 layer, akin to that of all other insulating nickelates, and
the presence of a structural interface asymmetry with LaMnO3
[3].

M. Gibert 1, M. Viret 2, P. Zubko 3, N. Jaouen 4, J.-M. Tonnerre 5, A. TorresPardo 6,7, S. Catalano 1, J. Fowlie 1, A. Gloter 6, O. Stéphan 6 and J.-M.
Triscone 1
1
Département de Physique de la Matière Quantique, University of Geneva, Geneva, Switzerland
2
Service de Physique de l'Etat Condensé, CEA/DSM/IRAMIS, CEA
Saclay, France
3
London Centre for Nanotechnology, University College London, London, UK
4
Synchrotron SOLEIL, L'Orme des Merisiers, France
5
Institut Néel, CNRS et Université Joseph Fourier, Grenoble, France
6
Laboratoire de Physique des Solides, Université Paris-Sud, Orsay,
France
7
Departamento de Química Inorgánica, Facultad de Químicas, Universidad Complutense Madrid, Spain

Transition metal oxides display a wide range of physical properties arising from the complex interplay between their spin,
charge, orbital and lattice degrees of freedom. In recent years,
complex-oxide heterostructures have garnered much attention
due to the many routes they offer for the engineering of novel
functionalities and the discovery of fascinating and often unex-

[1] Gibert et al., Nat. Mater. 11, 195 (2012).
[2] Gibert et al. Nat. Commun. 7, 11227 (2016).
[3] Gibert et al., Nano Letters 15, 7355 (2015).

SPS Award in Applied Physics, sponsored by OC Oerlikon
Using this approach, he was able to induce intramolecular
reactions and demonstrated the re-arrangement of bonds
within a molecule, namely a reversible switching between a
structure with two six-membered carbon rings and one with
a ten-membered carbon ring. This reaction, called Bergman
cyclization, features switching between singlet and triplet
ground states, thus switching of the spin multiplicity.

The SPS 2016 Prize in Applied Physics is awarded to
Bruno Schuler for his work of unprecedented resolution on
the quantitative determination of the adsorption geometry
of individual molecules, their identification and manipulation using atomic force microscopy (AFM) with tip functionalizations made by atomic manipulation, published under
the titles “Adsorption Geometry Determination of Single
Molecules by Atomic Force Microscopy” (Phys. Rev. Lett.
111, 106103 (2013)) and “Reversible Bergman cyclization by atomic manipulation” (Nature Chem., doi:10.1038/
nchem.2438 (2016)).

The methods that he brought forward are already now used
as standards in the non-contact AFM community indicating
a path towards chemical resolution using atomic force and
Kelvin probe microscopy.
5
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Characterizing Single Molecules by Scanning Probe Microscopy using
Functionalized Tips

tips. From atomically resolved AFM images one can learn about
the chemical structure, the adsorption geometry [1] and even
small details like bond order differences in single bonds can be
resolved. With STM, one can directly image the frontier molecular orbitals. This can be used for instance for chemical structure
identification, which we consider as an important emerging application for high-resolution scanning probe microscopy. By atomic
manipulation it is also possible to change the molecular conformation and to trigger chemical reactions [2]. Detailed insights
about molecules and their interaction help us to understand and
control the underlying physical and chemical mechanisms to
eventually build custom-designed molecular networks.

B. Schuler, G. Meyer and L. Gross, IBM Research – Zurich,
Säumerstrasse 4, 8803 Rüschlikon, Switzerland
Physical and chemical interactions between single molecules
and their environment form the basis for a plethora of processes
in nature and are key for many technological applications. Using a combination of low-temperature scanning tunneling microscopy (STM) and atomic force microscopy (AFM) we measure
complementary molecular properties with atomic-scale precision
exploiting the enhanced resolution obtained with functionalized

[1] B. Schuler et al. Phys. Rev. Lett. 111, 106103 (2013)
[2] B. Schuler et al. Nature Chem. 8, 220, (2016)

SPS Award related to Metrology, sponsored by METAS
The SPS 2016 Prize related to Metrology is awarded to
Fabian Menges for his excellent PhD work entitled "Scanning probe thermometry of nanosystems“. He developed
scanning thermal microscopy into a quantitative method
suitable to measure both temperature and thermal conductance with so far unattainable combination of spatial (sub-10
nm) and heat flux resolution (sub-nW). Using his newly developed method and a custom built vacuum scanning ther-

mal microscope, he could spatially resolve local heat dissipation processes such as the formation of hot spots and
Peltier effects in operating nanoscale devices. His accomplishments are scientifically of high relevance to the entire
field of nanoscale thermometry, e.g. to characterize local
thermal non-equilibrium processes in low power electronics
or thermoelectrics.

Scanning probe thermometry
of nanosystems

self-heated metal interconnects with 7 mK and sub-10 nm spatial
temperature resolution [2].
In summary, we have developed both a novel instrument and
method to study the particularities of nanoscopic thermal conversion and transport processes in real-space by enabling the
measurement of local temperature variations with nanometerscale spatial resolution.

F. Menges 1, H. Riel 1, A. Stemmer 2 and B. Gotsmann 1
1
IBM Research - Zurich, Rüschlikon, Switzerland
2
ETH Zurich, Rüschlikon, Switzerland
Nanoscopic hot spots, such as those observed in integrated
circuits and plasmonic nanostructures can locally affect the
physical properties of matter and have tremendous impact on
the performances and reliability of scaled devices. Experimental techniques to quantify temperature fields at the nanoscale,
however, are rarely established making the development of tools
and methods for nanoscale thermometry of central relevance for
various areas of science and technology.
Addressing this challenge, we developed a novel high-vacuum
scanning thermal microscope to characterize thermal non-equilibrium processes in electronic devices, and thermal transport
across nanoscopic contacts and interfaces. We demonstrated
the quantification of thermal conductance with sub-10 nm spatial
and sub-nW heat flux resolution [1], which enabled realspace
characterization of local heat transport properties with sensitivity for single atomic layers [1]. Most recently, we presented a
novel technique to characterize local temperature fields using
scanning probe thermometry [2]. In contrast to previous scanning-probe-based thermometry approaches, we simultaneously
measure a steady-state and a transient heat flux signal between
a self-heated scanning probe sensor and a temperature modulated sample, which enables to separate signals related to variations of the temperature potential from that related to changes of
tip-sample thermal contact resistance. Our approach facilitates
the elimination of tip-sample contact-related artifacts, a major
hurdle that so far has limited the use of scanning probe microscopy for nanoscale thermometry. We applied the technique to
visualize local Peltier effects at the metal-semiconductor contacts to indium arsenide nanowires and nanoscopic hot spots in

[1] F. Menges, P. Mensch, H. Schmid, H. Riel, A. Stmmer, and B. Gotsmann, Temperature mapping in operating nanoscale devices by scanning probe thermometry, Nature Communications
7, (2016).
[2] F. Menges, H. Riel, A. Stemmer, C. Dimitrakopoulos, and B. Gotsmann, Thermal transport into
graphene through nanoscopic contacts, Physical Review Letters 111, 205901, (2013).

Bruno Schuler and Fabian Menges, both working at IBM Rüschlikon.
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Report on the Annual Meeting 2016 at USI Lugano
Over 300 physicists and students gathered in the Università
della Svizzera italiana (USI) in sunny Lugano for the 2016
annual meeting of the SPS. In fact, it has been a long time
from the last SPS annual meeting in Ticino, as Piero Martinoli, president of the USI remembered us at the opening of
the conference (Locarno 1933 and 34, Lugano 1953 and
1973, and in the frame of the ASSN/SANW meeting in Airolo
in 1998).

would like to thank again Christian Rüegg who reached his
term as board member and section head for his extraordinary engagement for our society.
The conference dinner on Wednesday evening was a good
opportunity to enjoy a sunny Lake Lugano with its wonderful
mountain scenery and to walk through the Swissminiatur in
Melide where about 180 participants gathered for an apéro
offered by the USI and followed by a nice dinner.

Piero Martinoli, USI president, opened the conference, welcoming the SPS back in Lugano after more than 40 years, where he
participated as young PhD student in one of his first conferences.

Antoine Pochelon and Minh Quang Tran

Being in Lugano has allowed to realize the impressive development of USI, which has now faculties in Architecture,
Economics, Communication Science, Informatics, and since
recently even a faculty of Biomedical Science, in collaboration with ETHZ. It counts nearly three thousand students
and three hundred PhD students. It is also the most international university of Switzerland. The growth of the USI can
also be seen in its budget, which roughly rose by a factor
of 9 between 2002 and 2014. USI researchers have also
been awarded two Starting/Consolidator and five Advanced
Grants from ERC, the European Research Council.
The conference started on Tuesday early afternoon, preceeded by the CHIPP meeting and a visit to the Swiss
National Supercomputing Centre (Centro Svizzero di Calcolo Scientifico CSCS) in the morning. USI offered sufficient
rooms in a new building for the 11 parallel sessions, held
from Tuesday to Thursday.
The General Assembly was very well attended with more
than 60 participants. Apart from the recurring topics like
elections (p. 15), it was the occasion to learn about a new
award (p. 16), the IPhO (p. 68) and some other news from
the SPS. We could this year also welcome two new honorary members (see SPG Mitteilungen no.49, p. 10-11). We

In the following we present a selection of reports of the various sessions and special events.
Visit to the Swiss National Supercomputing Centre
(CSCS)
On the morning before the beginning of the annual meeting
of the Swiss Physical Society, some 50 participants attended a two-hour guided tour of the Swiss National Computing
Centre. During the first half of it, deputy director Michele
De Lorenzi gave a presentation of CSCS. The facility was
founded in 1991 and moved from Manno to Lugano in 2012.
Its mission is to develop and operate the key supercomputing capabilities in Switzerland, which it presently does
thanks to a staff of 73 people from 14 nations. Since its beginnings, the computational performance of the fastest supercomputer at CSCS has increased from 5.5 GigaFlops to
7.7 PetaFlops with the current machine, a Cray XC30 called
Piz Daint, being the fastest in Europe.
Scientific users of the facility are not affiliated to CSCS,
with the exception of its director, Thomas Schultess of ETH

This year's plenary speakers (from left to right): Michele Parrinello, Sibylle Günter, Hervé Le Treut, ... "
7

SPG Mitteilungen Nr. 50

chine hall and in particular
the supercomputers on the
top floor, as well as the 20
MW power supply and the
cooling water supply from
Lake Lugano at the bottom
floor.
Gian Michele Graf, ETH
Zürich

Deputy director Michele De Lorenzi guides the visitors through
the CSCS.

Condensed Matter (KOND) and related three focussed
sessions

Zürich, and of his group. The use of the facility they make
consists either in simulations or in the analysis of big experimental data. The fields making use of CSCS are in decreasing order of usage: chemistry & materials (e.g. interactions
of molecules, development of drugs), physics (superconductivity, new materials, birth of galaxies and of other celestial bodies, data analysis of the LHC), earth & environmental sciences (weather forecast), engineering (turbines
and wings), and life sciences (interactions between cells,
viruses, and bacteria, databases of genomic information).
Potential users are welcome to apply for computing time,
which is free of charge. Moreover, CSCS operates and services third party systems for paying customers, such as MeteoSwiss, a consortium of Swiss Universities participating in
LHC, and EPFL (Blue Brain Project).
In a second part, half of the group was taken care of by associate director Colin McMurtrie and two separate tours of
the facility followed. We visited the three floors of the ma-

The KOND section organised a busy and well-attended program with 1 plenary talk, 8 invited talks, 31 contributed talks
and 9 poster presentations. The plenary talk by Laura Heyderman from the PSI and ETH Zürich on Artificial Ferroic
Systems (see p. 19) was one of the many highlights. Laura Heyderman is also one of the two newly elected board
members representing the KOND section in the future (p.
14). The talks by the SPS and SGN (Swiss Neutron Scattering Society SGN/SSDN) prize winners were also of exceptionally high quality and demonstrated impressively the
talent of young scientists of the Swiss physics community.
In addition to the general KOND program, three groups of
co-organisers contributed focussed sessions, which were
all well-attended by advanced researchers and young scientists (postdocs and PhD students) from various Swiss
academic institutions:
The session Electronic Properties at Surfaces and Interfaces included two invited presentations (Marco Grioni,
EPFL, and Vladimir Strocov, PSI) and six contributed talks,
with subjects covering electronic and spin properties at surfaces, electronic structure at interfaces, non-trivial topological band structure in the bulk and its manifestation at surfaces or edges, magnetic properties at surfaces, single-domain
transfer and stacking on large scales, electron-phonon interactions and metal-insulator transitions in thin films tuned
with substrate strain. The experimental methods employed
were synchrotron-based as well as laboratory-based techniques.
Magnetism & Spintronics, the second focussed session,
had also two invited presentations (Pietro Gambardella,
ETH Zürich and Dirk Grundler, EPFL) and twenty-three contributed talks and posters. Presentations in the session fea-

Heat exchangers between the internal circuit (clean water) and
the external one (lake water).

... Laura Heyderman, Tilman Sauer, Aleksandra Radenovic, ... "
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Applied Physics, Geophysics, Atmosphere and Environmental Physics (combined session)

tured investigations of the magnetic properties of materials
at various length scales ranging from atoms and molecules
up to mesoscopic and bulk systems. Characterisation methods were equally extensive using laboratory methods (including transport measurements, magnetic force microscopy, and ferromagnetic resonance) and large-scale facilities
(including synchrotron x-ray microscopy and spectroscopy,
low-energy muons, and neutrons).
The discussions at the poster session were lively and congratulations go to Manuel Baumgartner for winning a prize
for his poster (p. 14).

On Tuesday August 23, both orals and posters showed
once more that physics lies at the basis of many research
activities including electronics, lasers, spectroscopy, fluid
mechanics, and geophysics in parallel to atmospheric and
terrestrial sciences; a brief overview is given below.
The first talk started with a subject that needs basics of particle physics and radiation, in combination with engineering
capabilities to develop systems having the potential to help
medical applications. The following two talks reported on
high-power femtosecond thin disk oscillators for Thz generation with multi-megahertz repetition-rate and thus showed
that the application of new Physics developments are
pushed at their limits. Then, the formation of rogue waves
as an application of fluid mechanics reports on the advances in the understanding between the coupling of the atmosphere, namely the surface winds, and the extreme ocean
wave-formation dynamics. Then, a talk introduced the “Climanosco” project as being an initiative that started by climate scientists aiming at building a bridge between climate
sciences and citizens around the world. This project aims
at disseminating climate sciences in a manner understandable and openly accessible to everyone, including schools.
Finally, a talk about the physical and chemical properties of
the Earth’s lower mantle showed that the phases are strong-

The SNF-Sinergia Network Mott Physics beyond the Heisenberg Model (MPBH) organised their annual workshop
at the SPS Annual Meeting. This allowed many participants
of the workshop and its large number of high-level international invited speakers to also attend other talks during the
three days in Lugano.
Correlated electron systems with strong spin-orbit interaction was the common topic of these sessions that covered
material synthesis, spectroscopy experiments and theoretical developments. Each of the four sessions had one or two
invited speakers and contributed talks were given by young
or junior level scientists.
Recent theoretical developments in the field were covered
by invited talks by Georges Jackeli (Max Plank Institut & Uni
Stuttgart) and Vladimir Mazurenko (Ural Federal University).
In the second session, Hidenori Takagi (Max Plank Institut
Stuttgart) spoke about new routes to realize spin liquids.
Des McMorrow (UCL - London) opened the third session
on spectroscopy with a talk about magnetic and electronic
structures of pyrochlore-oxides. The concluding session, focusing on material synthesis, was opened with an invited
talk given by John Mitchell (Argonne National Laboratory,
USA) presenting his group’s recent results on investigations
of honeycomb iridates (A2IrO3, A=Na, Li). Junior scientists
then reported on their effort to synthesis Ir and Pt materials
using high-pressure techniques. The program was concluded by an invited talk given by Vamshi M. Katukuri (EPFL)
who discussed ab-initio approaches to describe spin-orbit
coupled ground states.
Future contributions by similar networks, e.g. SNF-Sinergia,
and the NCCRs to the KOND program are very welcome
and encouraged
I thank all speakers and co-organisers for their contributions
to a truly exciting and high-quality KOND program.
Christian Rüegg, PSI Villigen and Uni Genève

... Jonathan Home, Laura Baudis.
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The postersession and the
industrial exhibition, embedded
in coffee- and lunchbreaks, took
place in the hall in front of USI's
Aula Magna.
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ly affected by the concentration and corresponding valence
state of iron.
During the evening, a public lecture by Hervé LeTreut, Director of the Institut Pierre Simon Laplace in France, addressed
an issue that was very timely not long after the December
2015 United Nations Climate Change Conference, COP 21
held in Paris, where negotiations on a global agreement on
the reduction of climate change took place. The ensuing
text represented a consensus of the representatives of the
196 parties attending it. He started by recalling the basics
of the physics of the climate system and the role played
by greenhouse gases in the maintenance and the enhancement of climate warming. The successful outcome of the
Paris climate conference, marked by a complete and unanimous acceptation of the diagnostic brought by the scientific
community, is opening a new era where climate science will
be devoted to the search of solutions. Stabilizing the global
surface Earth temperature below 2°C warming will require
huge efforts to curb the use of fossil fuels, and would make
it disappear within few decades.

On the way to Swissminiatur we passed Campione, an Italian exclave wonderfully laid between lake and mountains.

cal Tearing Modes, which are electromagnetic instabilities leading to the degradation of plasma energy confinement, thanks to careful locally applied Electron Cyclotron
Resonance Heating (ECRH) and Current Drive (ECCD).
- In-situ sputtering technics for cleaning metallic first mirrors of optical diagnostic systems in the future fusion reactor ITER.
- The challenge of porting gyrokinetic Particle In Cell simulation codes, mainly applied to studying turbulent transport in magnetic fusion devices, to the new generation
of High Performance Computers based on Graphics
Processing Units (GPUs).

Stéphane Goyette, University of Geneva

Plasma Physics
The second Plenary talk on Tuesday morning was given by
Sibylle Günter, Scientific Director of the Max Planck Institute
fuer Plasma Physik (IPP), Garching/Greifswald, Germany.
The topic of her presentation was the recently inaugurated
Stellarator Wendelstein 7-X (W7-X) at IPP Greifswald. (See
p. 17 for an interview with Prof. Günter and a summary of
her talk.)
On Tuesday afternoon, the topical session on Plasma Physics provided further insight into current research developments in the field of magnetic fusion.
A presentation given by Dr. Yves Martin, summarized the recent upgrades that have been carried out on the Tokamak à
Configuration Variable (TCV), which is the main experimental device at the Swiss Plasma Center [SPC, formerly called
Centre de Recherches en Physique des Plasmas (CRPP)]
at EPFL. A major addition to TCV has been the installation
of a Neutral Beam Injection (NBI) system, complementing the significant Electron Cyclotron Resonance Heating
(ECRH) systems based on gyrotron technology, and which
will enable to reach more fusion relevant regimes, i.e. with
similar electron and ion temperatures. Promising results
have also been presented of an alternative energy and particle exhaust concept based on the so-called snow-flake divertor geometry, potentially allowing to significantly reduce
the extreme thermal loads on the tokamak divertor system.
This new concept has been tested for the first time thanks to
TCV's unique magnetic geometry flexibility.
A diverse series of other presentations addressed among
others:
- The development of an improved diagnostic system for
studying the dynamics of plasma filaments, so-called
blobs, in the basic plasma physics experiment TORPEX
at the SPC. TORPEX reproduces conditions relevant to
the edge of magnetic fusion devices.
- The stabilization and preemption of so-called Neoclassi-

Stephan Brunner, EPFL

TASK Session
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The “Kern-, Teilchen-, und Astrophysik” (TASK) session was
organized jointly with the Swiss Institute for Particle Physics (CHIPP). After 2014 in Fribourg this was now the second time that SPS-TASK and CHIPP joined their forces in
holding their annual meetings together. CHIPP started with
its board meeting already on Monday the 22nd and held its
CHIPP general assembly meeting in the morning of Tuesday
the 23rd; i.e. just before the official start of the SPS meeting
on the early afternoon of the very same day. At the CHIPP
board meeting, professors from Swiss universities with activities in experimental or theoretical particle, astroparticle
and nuclear physics and the heads of the experimental and
theoretical particle physics groups at Paul Scherrer Institute,
discuss the Swiss strategic efforts and the planned and ongoing Swiss contributions to international projects at CERN,
PSI and other laboratories world wide. With the TASK section chair also being a CHIPP board member, organizing
the annual meeting jointly is most efficient and assures for a
broad exchange of CHIPP members with physicists in Switzerland from all fields – a clear asset and reason enough for
holding joint meetings also in future years.
On Monday evening not only the participants of the annual meeting but also the broad public were invited to the
screening of the ‘Particle Fever’ documentary movie. In this
movie, six particle physicists are followed during the launch
of the Large Hadron Collider (LHC), and up to the discovery of the Higgs Boson in 2012. The audience in Lugano
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was captivated by the screening, as was clearly visible from
the lively discussion that followed after the movie ended.
The TASK section chair, Hans Peter Beck (Uni Bern) who is
working on the ATLAS experiment at the LHC since almost
20 years, moderated the discussion and gave answers to
the many questions on the LHC, its experiments, and the
Higgs boson; a discussion that continued on the patio outside the university building with a group of students from
the Università Svizzera Italiano (USI) in Lugano, even after
the building was closed. On Tuesday, in an integral part of
the SPS award ceremony, where the winners of the various SPS prizes are honored, the CHIPP prize for the best
PhD thesis work in particle physics was given to the Indian
born Mohamed Rameez from Uni Geneva for his outstanding contributions to the IceCube Collaboration 1. After all
these official parts, the TASK session did start with an overview session, chaired by the CHIPP Chair Tatsuya Nakada
(EPFL), in which Rameez presented in a lively manner his
many contributions in experiment, theory, and data analysis
to the IceCube experiment. Florencia Canelli (Uni Zürich)
presented the highlights from the ICHEP conference that
took place two weeks earlier in Chicago, USA 2. Unfortunately, the excess of di-photon events at an invariant mass
of 750 GeV, that was reported earlier this year from both,
the ATLAS and CMS experiments at CERN, could not be
confirmed with the new data collected with the LHC. This
bump turned out to be a statistical fluctuation, although an
intriguing one.

Laura Baudis (Uni Zürich) was invited for a plenary presentation on Thursday morning, where she presented the
current status and future prospects of Dark Matter experiments. (See p. 21 for a summary of her talk.)
A total of 40 TASK parallel–session talks were organized in
five topical sessions giving a broad overview of experimental status and plans in all areas of particle physics, at high-,
medium-, and low energy colliders, in deep underground
laboratories, at the South pole, ground based or even space
borne e.g. for astroparticle research. Two full sessions on
detector R&D were showcasing the important role R&D
plays for the success of future projects that also include the
many upgrades current experiments need to undergo to
constantly increase their sensitivity, or to cope with harsher
requirements when accelerators increase their energy or
collision rates. On the last day of the meeting, the latest
results from Standard Model precision measurements with
the LHCb experiment were discussed. This was followed by
a session on the status of searches for new physics beyond
the Standard Model with searches for Super Symmetry at
the LHC (ATLAS, CMS), a search for the neutron electric
dipol moment at PSI (nEDM), the search for Dark Matter in
Gran Sasso (XENON1T), and the search for magnetic monopoles, also at the LHC (ATLAS, MoEDAL), and prospects
for new searches at a possible 100 TeV future collider.
All slides presented at the TASK session are available from
the CHIPP indico page: https://indico.cern.ch/e/CHIPP2016
Hans Peter Beck, Uni Bern

1 A portrait of Rameez can be found on the particle physics theme portal
of SCNAT: http://www.naturalsciences.ch/topics/particlephysics
2 38th international conference on high energy physics, August 3-10,
2016, Chicago, http://ichep2016.org

Some impressions of the Swissminiatur park in Melide.
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Theoretical Physics
On Wednesday afternoon the session on Theoretical Physics gathered close to 20 participants. Among the talks presented we mention just a few. Christoph Bruder (Uni Basel)
considered a pair of coupled clocks and the phenomenon of
their spontaneous synchronisation. While the study of the
classical case goes back in time as far as to Huygens, the
talk was devoted to the quantum case, which is motivated
by optomechanical systems. The clock proper is driven by
an escape mechanism and subject to friction. The system
is thus modeled by a Lindbladian dynamics, as appropriate
for open quantum systems. It turns out that quantum synchronisation is less precise than classical. P. de Forcrand
(ETH Zürich) talked about the present status of lattice QCD,
including the determination of hadron masses, as well as
of the phase diagram of quark matter. Ramasubramanian
Chitra (ETH Zürich) made a concrete proposal of a nanomechanical force sensor. It is based on a hysteretic effect
in a non-linear resonator. Andrea Agazzi (Uni Genève) presented a theorem about chemical reaction networks and the
fluctuation of reagent concentrations around the values predicted by the law of mass action.

Our particpants during the apéro.

Physics in Industry

Gian Michele Graf, ETH Zürich

History of Physics
The History of Physics session at the Lugano meeting was
intended to discuss some recent scholarship concerning the
Swiss astronomer, mathematician and skilled builder of scientific instruments, Jost Bürgi, a contemporary and collaborator of Johannes Kepler. It was organized in two parts, with
the initial two interventions of renowned historians Paolo
Brenni and Jim Bennet who first set the context of Bürgi’s
time and science: indeed, one cannot really appreciate Bürgi’s contributions without first understanding the issues related to the scientific instruments of his time (Brenni) or the
significance of mathematics, in the times of Bürgi, in relation
to the explanation of natural phenomena (Bennet). Three
talks of specialists of Bürgi’s
life, astronomy and mathematics, Fritz Staudacher
Peter Ullrich, and Jörg Waldvogel followed. During the
session with about 25 participants we learned a lot
about Bürgi’s contribution
to science with sometimes
intriguing insights about his
mathematical skills in deriving remarkably precise tables of the sine function. The
Jörg Waldvogel during his talk
organizers of the session,
Bernhard Braunecker and Jan Lacki very much hope that
the Lugano meeting will be another milestone in the (re)discovery of Jost Bürgi as one of the key scholars of his time.
Jan Lacki, Uni Genève
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This year’s session organized by the Physics in Industry
section was framed under the theme “Research and Beyond – How Physics Impacts the Marketplace”. Four invited
speakers from industry presented various aspects of the
role of physics in industry, ranging from the application of a
physics-based product in a successful startup to the importance of physics-based simulations in multimedia entertainment. First, Nicolas Gisin discussed the essential ingredients of a successful physics-based startup in the context of
ID Quantique (IDQ), which was co-founded by Prof. Gisin
and other scientists from the University of Geneva in 2001
and relies on quantum physics for its cryptography and photon-counting products.
Then, Christian Ohler, department manager at ABB Corporate Research, outlined the importance of physics research
and the resulting products for ABB, and compared the operations of large corporate R&D institutions to smaller and
often more agile technology-based startups.
Next, Volker Graf described the spin-out of a CMOS-based
laser technology from IBM into a new company, Uniphase
Laser Enterprise, for which he acted as CEO. He discussed
the keys to success in growing a small business to market
leadership as well as whether or not to patent technological
breakthroughs or treat them as trade secrets. Some years
ago, he had to convince his research fellows to withdraw
a publication on the key process of protecting laser facets
from aging. This very process, treated as a trade secret is
and was their unique selling point for pump lasers for both
terrestrial and submarine applications. The initial frustration
about missed citations turned into monetary satisfaction
some years later.
Finally, Bernhard
Thomaszewski,
group leader at
Disney Research,
offered a unique
perspective
on
the intersection of
physics, computational sciences and
computer graphBernhard Thomaszewski (Disney Reics in the world of
search) demonstrating physics-based
modern computersimulations for entertainment.
(Photo: Patrick Ruch)
animated movies
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Our president thanks Albino Zgraggen, USI secretary general, for
the excellent support in organising our annual meeting and for the
apéro, offered by USI, before the dinner.

The conference dinner in the park-restaurant.

session. This year's poster contributions had a focus on
trapped ion experiments and the search for exotic physics
with atomic magnetometers.
In summary, the APQO sessions beautifully illustrated how
curiosity-driven research into the foundations of quantum
physics and the development of revolutionary applications
in quantum technology go hand in hand in the field of atomic
physics and quantum optics.

and video games. “Simplified” physics is being applied to
result in photorealistic worlds, with minimal computational
power required. Especially the interplay between engineers
and artists is challenging, but also most fertile to result in the
unimaginable.
In the end, the presenters gathered for a 30-minute panel discussion open to questions from the audience, with
themes including technology transfer of physics-based innovations and the role of physicists in today’s workforce.

Philipp Treutlein, Uni Basel

Patrick Ruch and Thomas Brunschwiler, IBM Rüschlikon

Biophysics and medical physics

Atomic Physics and Quantum Optics

This year session dedicated to biophysics and medical
physics was less well attended in comparison to the past
years. Despite this point, we had an excellent plenary lecture by Aleksandra Radenovic of the EPFL Lausanne and
two invited talks by Alessandro Barducci, CNRS-INSERM,
Montpellier and Andrea Danani of the USI, Lugano. These
talks were followed by 4 short talks.
The plenary lecture of Aleksandra Radenovic presented
the research on 2 dimensional materials and the reliable
production of well defined pores into these one-atom thick
membranes. The speaker explained their use for various biophysical applications pertaining to the sequencing of DNA
for example or for energy production. The basic physical
phenomena were supported by experiments and theoretical
modeling.
Allessandro Barducci’s seminar was centred on a class of
large cellular protein complexes that play a central role in
protein folding inside the cell. The ATP driven cycle of these
complexes was clearly described and the non-equilibrium
thermodynamic of this systems was analysed and explained
in detail.
Andrea Danani’s talk brought us a glimpse into his group’s
research mainly dedicated to numerical simulation of biomolecules. His main seminar topic explained the use of molecular dynamics simulations for the different biological and
biomedical applications.

Research highlights in atomic physics and quantum optics
were presented in a plenary talk and three sessions with
contributed talks and posters. Reflecting a general trend in
the field, a large number of contributions focused on quantum science and technology, where the exceptionally wellcontrolled atomic and optical systems are one of the most
popular experimental platforms.
In his plenary talk, Jonathan Home from ETH Zürich gave
an exciting overview of cutting-edge research with trapped
ions. Using novel techniques for quantum state control and
reconstruction, his group succeeded at creating superposition states of ion motion where the ion is delocalized over
15 times its wavepacket size - the largest "Schrödinger cat
states" of mechanical motion that were created and could
be observed in situ. Such highly non-classical states could
prove useful for precision sensing of weak forces and fields.
In the first topical session, several speakers reported
progress in the development of quantum memories for photons, using atomic ensembles and rare-earth doped crystals
as storage medium. Bell inequalities and the foundations of
quantum measurement were another common topic of several contributions. The second session started with a talk
on quantum transport measurements with ultracold fermions, followed by several talks on optomechanics. Precision
measurements of magnetic fields with atomic vapour cells,
the performance of the continuous fountain atomic clock,
and the development of novel laser systems concluded the

Giovanni Dietler, EPFL
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epl Journal Poster Award 2016
Antoine Pochelon
The epl Journal, once again, offered three prizes for the
best three posters at the Lugano meeting. Congratulation
to the three winners, Manuel Baumgartner, Eros Cazzato
and Marco Valente! I would like to thank here the members
of the selection committee, Maurice Bourquin, Stephan
Brunner, Antoine Pochelon, Patrick Ruch, Christian Rüegg,
Andreas Schopper and Philpp Treutlein. During the Poster
Award Session, the winners presented briefly their work in
2 minutes, 2 slides, to share the flavour of their work; here
they present it in one figure and caption.

Time resolved imaging of spin-orbit torque induced
magnetization reversal by STXM
Manuel Baumgartner et al, Dept. of Materials, ETHZ
epl representative Graeme Watt hands the awards to the winners:
Manuel Baumgartner, Eros Cazzato and Marco Valente.

Current-induced switching due to spin-orbit torques (SOT) is a very
efficient and fast method to control the magnetization of thin films
and nanostructures. Despite its interest related to the interplay between spin Hall and interfacial effects on domain wall dynamics and
applications in non-volatile random-access memories, no detailed
description of the SOT switching process is available to
date. Here we report on the first measurement of timeand spatially-resolved ultrafast magnetization switching
induced by SOT. Additionally to standard electrical detection (Fig. a) we performed switching experiments
using a scanning transmission x-ray microscope (Fig. b)
in order to resolve transient magnetization states. For
more information please visit:
www.intermag.mat.ethz.ch.

(b)
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Displaced vertex searches for sterile
neutrinos at future lepton colliders
Eros Cazzato et al, Universität Basel
The existence of physics beyond the Standard Model
of particle physics is guaranteed by the observation of
neutrino oscillations. In order to explain neutrino oscillations, the Standard Model has to be extended with additional particles, for instance sterile neutrinos (denoted
as N). These new particles are very weakly interacting,
which requires very sensitive experiments. Future particle collider experiments can provide extremely sensitive ways of
looking for the effects of these invisible particles. One of them is

the search for a displaced vertex, which is the visible displacement
of the vertex from the interaction point. Poster:

Performance of missing transverse momentum reconstruction at ATLAS experiment

PFlow

Marco Valente et al, DNPC, Université de Genève

The measurement of missing transverse momentum
(MET), defined as the total transverse momentum imbalance produced in proton-proton collisions, is crucial
to many analyses performed by the ATLAS experiment
at the Large Hadron Collider. Particle Flow algorithms
combine the tracker and calorimeter information in order to improve the performance of particle reconstruction.
Here, an implementation of this technique in ATLAS is seen to improve the MET resolution relative to the standard reconstruction.

MET resolution x,y (GeV)

https://particlesandcosmology.unibas.ch/pages/members/eros.htm
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If more detailed studies confirm this, ATLAS could exploit Particle
Flow MET reconstruction resulting in a performance enhancement
for many searches for new physics.
http://dpnc.unige.ch/photosmembres/valente.html
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New Committee Members
Prof. Laura Heyderman (Chair of the section "Condensed Matter Physics" (KOND))

Condensed Matter Physics
(2006), and the European
Science Foundation THIOX
prize for young researchers
(2005).

Laura Heyderman began her career in magnetism in 1988,
working as a Bristol University PhD student at the CNRS,
Paris on magnetic multilayers. As a postdoc using electron
microscopy at Glasgow
University, she observed
the magnetic domain configurations in a variety of
materials. She then spent
four years working in industry in the UK and, since
1999, she has been based
at the Paul Scherrer Institute. In January 2013, she
became Professor of Mesoscopic Systems at the
Department of Materials,
ETH Zürich.

During her post-doctoral
research at Cornell University, with Prof. Paul McEuen,
Patrycja obtained a Swiss
National Science Foundation fellowship for young researchers, and focused on
combining ferroelectric thin
films with carbon nanotubes
in multifunctional devices for nanoelectronics and polarization control applications.
Patrycja joined the University of Geneva in 2007 as associate professor, setting up a group in the Department of
Condensed Matter Physics focusing on nanoscale scanned
probe microscopy studies of functional materials (http://
dpmc.unige.ch/gr_paruch/index.php). She has pioneered
the investigation of the static roughening and complex dynamics of idividual ferroelectric domain walls within the statistical physics framework of pinned elastic interfaces, as
well as studying their novel functional properties. Her group
is also exploring combined ferroelectric-carbon nanotube
devices for nanoelectronics and microscopy applications,
as well as the effects of strain and interfacial coupling in
multiferroic epitaxial superlattice structures.

Professor Heyderman has over 135 scientific publications,
most recently in the field of magnetic nanostructures. Her
work on artificial ferroic systems (see p. 19) has led to several invited and plenary talks, as well as articles in the German and French equivalents to Scientific American. She is
Membership Chair as well as member of the Nomination
and Advisory Committees of the IEEE Magnetics Society.
She has been a program and advisory committee member
of several international conferences on magnetism and was
program chair of the Micro- and Nanoengineering Conference (MNE) 2014 held at the EPFL campus. She is a Fellow
of the Institute of Physics and held the Wohlfarth Prize Lecture at Magnetism 2015, the UK magnetism meeting run by
the Institute of Physics & IEEE Magnetics Society. In 2016,
she was awarded a Beller Lectureship for the American
Physical Society March Meeting.

Dr. Céline Lichtensteiger (Chair of the section "Education and promotion of Physics")
I defended my PhD in solid
state physics at the University of Geneva in 2006. Since
then I am a senior researcher in the group of professor
Triscone in the Department
of Quantum Matter Physics
at the University of Geneva.
I'm studying ferroelectricity
at the nanoscale in ultrathin
epitaxial films using high
resolution atomic force microscopy. My work focuses
on the effect of size reduction and boundary conditions
on ferroelectric properties.
In electronic devices based
on functional oxides such as ferroelectrics, the interface
between the oxide thin film and the electrode(s) is crucial
from a technological viewpoint. For novel device concepts
such as ferroelectric tunnel junctions and memristors, understanding and quantifying the effects of the electrostatic
boundary conditions in nanoscale ferroelectrics is becoming
more important than ever.

“A society that addresses the needs of physicists in Switzerland is essential, providing platforms for communication
between people within and between the various disciplines,
inspiration for young researchers and recognition of excellent work. We also have a responsibility to contribute to discussions on a broad number of issues including scientific
ethics, upholding high quality publications and work-life balance. In this respect, I hope that I can make a difference,
however modest, to the Swiss physics landscape and the
outstanding organization of the Swiss Physical Society.”
Prof. Patrycja Paruch (Chair of the section "Condensed
Matter Physics" (KOND))
Patrycja Paruch completed her undergraduate education
with a magna cum laude BA in Physics from Harvard University in 2000, followed by a PhD in Physics from the University
of Geneva in 2004 under the supervision of Prof. Jean-Marc
Triscone. Her doctoral research focused on atomic force
microscopy studies of ferroelectric domains, as well as the
static and dynamic behaviour of ferroelectric domain walls,
and was awarded the Swiss Physical Society IBM Prize for
15
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In parallel with my research, I'm also dedicating time to communication and outreach. I'm convinced of the importance
of communicating our passion for physics to the public. I've
been involved in many outreach activities in Geneva, such
as the "Nuit de la Science", communication at the "Salon
du Livre, des Multimédias et de l'Etudiant", discussion with
junior-high school students at "Café des Sciences" on Nanotechnologies, the exhibition "100 ans de supraconductivité", or the "Nuit de l'Université".

of today's research. The PhysiScope is located in the University of Geneva, at the heart of the Physics Section (see
SPG Mitteilungen Nr. 49, p. 42).
I've additionally been involved for the last 4 years with the
PhysiScope into the animation of many episodes of the
weekly TV show of the RTS "ODK - L'Oreille Des Kids", targeting 7 to 11 year old kids.
Through all these activities, I'm directly in contact with a
large and diverse audience. I'm convinced of the importance of explaining our research and interest for Science to
the public, and I'm very happy that my experience might be
useful to further develop the outreach activities of the Swiss
Physical Society.

In 2009 I've joined the scientific team of the PhysiScope, an
interactive theatre lab where the visitors are the main actors
and are meeting with a scientific staff to discuss physics,
realize experiments and relate them to the important goals

Notes on the SPS Awards
Ad 2) The SPS board recently decided to reformulate the
prize regulations and presented first ideas at the GA in
Lugano. The current rules require the publication in a renowned journal, which would exclude young physicists already working in start-up companies, in industry, or working
in fields with different publication policies. Therefore, the
new rules should consider outstanding achievements in all
fields, where young physicists work.

The SPS will have, starting from 2017, two categories of
awards:
1) The new Charpak-Ritz Prize
2) The well established SPS Awards for young physicists,
which are sponsored by ABB, IBM, OERLIKON, METAS
and COMSOL.
Ad 1) The Charpak-Ritz Prize distinguishes advanced researchers who made exceptional contributions to the development of physics in all areas. It is jointly issued by the
French Physical Society (SFP) and the Swiss Physical Society (SPS) and awarded alternatively by one of the two societies, starting in 2017 with the SFP. This prize is named after
the French physicist Georges Charpak and the Swiss physicist Walter Ritz and shall strengthen the relations between
the two societies as well as enhance the visiblity of research
done in the respective neighbouring country.

The prizes will be awarded to physicists for exceptional performances in an early phase of their career before obtaining
tenure, or before they work more than three years in a startup company or industry.
Nominations must include:
a) a detailed description of the scientific work to be awarded
together with a written expert opinion.
b) the CV of the candidate.
c) information about achievements in his/her field which
may include publications in refereed journals or proceedings, invited talks, grants, a list of applied and granted patents, other academic prizes and awards, etc.

The Charpak-Ritz Prize will be awarded alternatively to a
physicist nominated by the SFP and then in the following
year to a physicist nominated by the SPS. The award is
doted with 3000 € and a medal, the winner will be invited
to present the work at the annual meeting of the respective
sister society.

The applications will be assessed by the SPS Award Committee based on the material received.
The SPS Awards will be announced in an open call once
per year where nominations can be filed in. Please read on
page 70 the announcement for the SPS Awards for 2017.
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Plenary Talks
As last year we present here extended summaries of the plenary talks of our annual meeting 2016 in Lugano. In addition
the first summary is preceeded by an interview with Prof. Dr. Sibylle Günter, which she gave our President, M. Q. Tran on
occasion of her reception of the EPS Emmy Nöther distinction for Women in Physics on 4 July.
Sibylle Günter is Scientific Member of the Max-Planck Society and Director at Max-Planck Institute for Plasma Physics
(IPP). She is, since 2011, chair of directorate and of the Board of Scientific Directors of IPP. The laudatio reads:
For her leading role in the study of the effects of microscopic physics on the large-scale behavior and stability of hot magnetized plasmas in fusion devices. With her solid scientific record, many leadership roles and mentoring of researchers and
students, she is a model for women physicists.
Sibylle, congratulations for the Emmy Nöther Award,
which was just given to you at the EPS Plasma Physics
Division meeting. In the continuation of this Award ceremony, could you give your view on how learnt physics societies, with the help of the EN recipients, could
improve the gender equality? What do we need to do
at the level of the gymnasium, university and academic
levels?
Thank you very much for the congratulations. You are right,
we still don’t have very many female physicists, in particular
not in higher positions like full professorships. I think that
there are mainly two problems. The first one is that we don’t
have many young girls who are interested in physics and
secondly, many young women leave science after completing her PhDs. So, I really do think that we have to start at
school, trying to interest and encourage young girls to study physics. Later in the career I do see the main obstacle
for women to stay in science that they still take the largest
burden of family work. In this respect, role models can be
of some help, but this remains a general problem for our
society.

It is too early to tell. Both configurations have their pros and
cons. So far, we do know the challenges of the tokamak
concept much better than those of the stellarator. Wendelstein 7-X will be essential to investigate the physics of optimized stellarator in very detail. Only afterwards, one can
make predictions of whether the tokamak or the stellarator
will be the better concept. It might come out however that
both concepts will survive like in the case of car motors,
where both, the Diesel and the Otto engine, survived. We
might even find an optimized configuration that lies somewhere between the tokamak and the stellarator.
What are the potentialities of fusion or of technologies
developed and used for fusion experiments as means
to drive industrial innovation? You have an excellent
perception on this point thanks to the construction
of the superconducting stellarator W7X as well as the
other activities in Germany in the different fusion centers (IPP Garching and its “Teilinstitute” Greifswald, KIT
and Jülich).
In my view, one of the major benefits for industry is to work
with us on projects that are at the limit of the available
technologies. In case of Wendelstein 7-X, many companies told us afterwards how much they learned from building up this challenging device for their daily business. You
can find more details at our webpage http://www.ipp.mpg.
de/987642/broschuere_w7x. There are further spin-offs like
the development of high temperature super conductors, the
development of high-temperature materials that might be
useful for other areas like solar-thermic plant technology or
sophisticated welding techniques. Further examples can be
found at https://www.euro-fusion.org/category/fusion-spinoff/.

As Director of the IPP, you have a broad view on the
European and International Fusion Programme. What is
your assessment on our progress and on the support
by the political level? Is this support strong enough in
view of the importance of the energy challenge for the
humanity?
Well, I am quite impatient and thus I would like to see even
faster progress. On the other hand, since the beginning of
fusion research we managed to improve in terms of our success parameter, the Lawson criterion, by 5 orders of magnitude. We still need a further increase by about a factor of
10. The level of political support differs in the various countries around the world. At the moment, the strongest support
is found in Asia where several new devices have recently
been built. But indeed, if one wants fusion to play a major
role in the world’s energy supply and climate protection during this century, a stronger engagement would be needed.
This is particularly true when we take the step towards a
demonstration power plant where we want to demonstrate
fusion electricity.

Switzerland is participating in the EURATOM fusion
programme since 1978 in research, educational and industrial activities. What is your candid assessment on
our contributions in all these domains, especially on
the European and international levels?
I have always valued very much the Swiss contribution. In
particular, the group at EPFL has very significantly contributed to the theoretical understanding of fusion plasmas
and the corresponding code development. Furthermore,
exploiting the very flexible tokamak device TCV, the Swiss
colleagues very often came up with very good, innovative
ideas that later on have been used at the larger tokamaks
as well. And very importantly, the educational programme in
Lausanne is of highest standard. So, researchers coming
from the EPFL do have a very high reputation in the community.

You will give a talk at the SPS Annual Meeting on the
newly inaugurated stellarator W7X. IPP is leading in
both tokamak and stellarator physics, both with large
devices in each domain, resp. ASDEX Upgrade and
W7X. How do you see the future of each concept in the
industrialisation of fusion?
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Science with the most modern stellarator, Wendelstein 7-X

PT 1/2016

Sibylle Günter, Max-Planck-Institut für Plasmaphysik, Garching and Greifswald
Nuclear fusion could play a major role in the energy mix
during the second half of this century. The advantages of
nuclear fusion, in particular for base load power stations,
are obvious: the fuel is nearly unlimited, worldwide available, and - in contrast to fission - there is no possibility of a
runaway reaction or meltdown. For a fusion reactor, matter
has to be heated up to extremely high temperatures: more
than 100 million degrees - about a factor of 10 hotter than
the sun's core. At these temperatures the material is fully
ionized. The charged particles can be confined by magnetic
fields, which are also able to provide the required efficient
heat insulation. For magnetic fusion reactions to be selfsustaining, the thermal insulation has to be a factor of 100
better than that of polystyrene - at temperatures, where the
velocity of particles approaches one fifth of the velocity of
light!

the largest optimized stellarator worldwide with a major radius of 5.5 m and an average minor radius of 0.53 m. Wendelstein 7-X is a superconducting device with 50 non-planar
coils, providing the magnetic confinement. In addition, 20
planar coils provide some flexibility of the magnetic field geometry (see Fig. 1).
After successful tests of the coil system, the machine started operation end of 2015. The first major achievement was
the demonstration of good magnetic surfaces. As shown in
Fig. 2, the measured and calculated magnetic flux surfaces
agree very well. With such precise measurements of the magnetic field geometry, it has been shown that the very high
demands on the tolerances in placing the coils have been
achieved, resulting in very low error fields. After an initial
helium campaign, the first hydrogen discharges were performed in January 2016. The first experimental campaign,
lasting for about 10 weeks, was originally mainly planned for
an integral commissioning of all components, including e.g.
the superconducting coils, the heating system, data acquisition and control. This integral commissioning was demonstrated during routine plasma operation. The first campaign
exceeded all expectations and did allow for several physics
experiments as well. Essential in this respect was the set of
20 diagnostics available, quite a remarkable number for a
fusion experiment in its first operation days.

After more than 50 years of research, fusion has advanced
to the decisive step on the way to a power plant: the international tokamak experiment ITER is designed to demonstrate
the feasibility of net energy production from nuclear fusion
reactions. In a joint enterprise by 7 partners (the EU, Japan,
Russia, USA, China, the Korean Republic and India) - ITER
is currently been built in Cadarache, France. The tokamak
concept as realized in ITER is by far the most advanced
confinement configuration. It however requires the continuous flow of an electric current in a donut-shaped plasma. In
present devices, this plasma current is driven by a transformer and can therefore be maintained only over a certain
time, which – in a reactor – could amount to several hours.
A thermal storage would provide for continuity of the electric
power production during the short time interval needed to
recharge the transformer.
An alternative to the tokamak is the stellarator, which needs
a considerably more complex magnetic field configuration,
but is intrinsically stationary without any need of external
current drive. The complex magnetic field of a stellarator
requires however careful optimization to ensure sufficiently
good confinement properties. The first optimized stellarator
of sufficient size to proof that the stellarator concept has the
potential for a power plant, Wendelstein 7-X, has recently
been built up in Greifswald, Germany. Wendelstein 7-X is

Fig. 2: Poincaré plots of the measured and calculated magnetic
flux surfaces (from: M. Otte et al., Plasma Phys. Control Fusion 58,
2016, 064003, Fig. 6a)

In plasma operation, pulse lengths of up to 6 seconds were
achieved. So far, only an Electron Resonance Heating
(ECRH) system was available, allowing to reach electron
temperatures of up to 10 keV. External ion heating was not
yet possible, and thus the ion temperatures have been significantly lower (up to 2 keV). The discharges during the
first operational campaign were restricted to quite low plasma densities (< 5 · 1019 m-3). Using our ECRH system, first
studies of the global energy and power balance were performed. Furthermore, first demonstration of a special heating
scheme, using the second harmonic of the ordinary wave
(O2) as required for the planned high density operation and
of Electron Cyclotron Current Drive (ECCD) were success-

Fig: 1: The coil system of Wendelstein 7-X, consisting of 50 nonplanar and 20 planar coils.
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ful. The flexibility of the machine thanks to the internal planar
and external trim coils has been used to investigate several
magnetic field configurations. That way, the effective helical
ripple, responsible for the neoclassical losses in stellarators,
and the limiter heat load pattern has been varied. First experiments on radiation cooling of the plasma edge and studies
of impurity confinement, transport and ionization kinetics
have been performed.

system is being installed and a low power Ion Cyclotron Resonance Heating (ICRH) system is foreseen. To allow for full
heating power operation, an inertially cooled test divertor is
being installed at the moment. Further diagnostics systems
will also be available. Despite the limitation to a pulse length
of 10 seconds, during the coming operational period, many
consequences to be expected from the optimized field configuration of Wendelstein 7-X can already be tested. After
plasma experiments for roughly 12 months, during a shutdown phase from 2017 to 2019, all systems will be hardened for steady state operation. This will finally enable tests
of the steady-state properties of the stellarator in discharges
of up to 30 minutes duration.

At the moment the next experimental campaign is being prepared. For the campaign in 2017/18, high power discharges
with pulse lengths up to 10 seconds are foreseen. For that,
the heating system is being extended. More gyrotrons for
the ECRH system will be available, a neutral beam heating

Artificial Ferroic Systems

PT 2/2016

Laura Heyderman (laura.heyderman@psi.ch)
Laboratory for Mesoscopic Systems, Department of Materials, ETH Zürich, 8093 Zürich &
Laboratory for Multiscale Materials Experiments, Paul Scherrer Institute, 5232 Villigen PSI
In artificial ferroic systems [1], novel functionality is engineered through the control of the interactions between the
different components in structured ferroic materials. With
careful selection of the materials and structure, artificial
ferroic systems not only offer prospects for the discovery
of new physics, but also the development of innovative devices.

Permalloy square element in a Landau state, which incorporates a vortex, is combined with a Co/Pd multilayer with
maze domains resulting from the perpendicular anisotropy.
Using scanning transmission x-ray microscopy to observe
the magnetization dynamics in such a hybrid system, we
have demonstrated a new vortex core reversal mechanism
[3]. The vortex is excited with an alternating magnetic field,
with the core polarization determined from the sense of gyration, and the vortex core is simultaneously displaced across
a domain boundary in the Co/Pd layer using a static external
magnetic field. We find that the sense of gyration of the vortex changes as it crosses a domain boundary, indicating the
reversal of the core polarization (Figure 1). Micromagnetic
simulations reveal a complex switching process triggered by
the interaction of the vortex core with the underlying domain
wall that provides a local switch for vortex polarisation.
Turning to the second class of artificial ferroic systems, we
also study the behaviour of artificial spin ice, which consists
of arrays of dipolar-coupled nanomagnets arranged in frustrated geometries. Here we employ synchrotron x-ray photoemission electron microscopy (PEEM), which provides
high contrast images that allow the unambiguous determination of the magnetic configurations. We have also performed first measurements using x-ray resonant magnetic
scattering, which allows us to observe magnetic correlations
in arrays of smaller nanomagnets with moments fluctuating
at faster timescales [4,5].

FIG. 1. Schematic diagram of reversal process of a magnetic vortex core in a hybrid structure. The magnetization in a resonantly excited vortex core reverses its orientation as it crosses and
interacts with a domain wall (DW) at the boundary between two
out-of-plane magnetic domains in the Co/Pd multilayer (bright and
dark domains). The path followed by the excited vortex core is illustrated in green: the vortex core (black arrow) initially precesses
clockwise, and then counter-clockwise after reversing its polarization (white arrow) at the domain boundary (orange line). Figure
taken from Ref. [3].

We have experimentally demonstrated the existence of
emergent magnetic monopoles (see Fig. 2) in an extended
array of nanomagnets placed on the sites of the kagome
lattice, referred to as artificial kagome spin ice [6]. In an applied magnetic field, monopole-antimonopole pairs nucleate
and separate in an avalanche-type manner along one-dimensional Dirac strings consisting of reversed nanomagnet
moments, and the behaviour can be quantitatively explained
by Monte Carlo simulations. In addition, by modifying the

We mainly focus on two classes of artificial ferroic systems.
Firstly, hybrid mesoscopic structures, which can incorporate
two different ferromagnetic layers, have static and dynamic magnetic behaviour that results from the mutual imprint
of the magnetic domain configurations [2]. In particular, a
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Finally, employing muon spin relaxation, we have demonstrated that these magnetic metamaterials can support thermodynamic phase transitions equivalent to those found in
microscopic spin systems [10], and in our first experiments
employing diffuse x-ray resonant magnetic scattering [4], we
observed the emergence of quasi-pinch-points in the scattering patterns that are signatures of one of the higher temperature phases.
There are still many avenues of research to pursue and future directions for artificial spin systems include the incorporation of new magnetic materials [11], the design of novel
devices [12] and the investigation of other geometries, for
example based on aperiodic lattices [13] or the modification
of the square ice geometry [14]. The possibility to create
magnetic structures in three dimensions also opens new areas of research. In particular, our recent developments with
resonant synchrotron x-ray tomography not only provides
a three-dimensional image of the structure but also allows
the precise location and characterization of the materials as
shown in Fig. 3 [15]. Finally, with hybrid systems there are
many more possibilities for combinations of materials with
interesting properties, with one important example being
multiferroic composites with a ferromagnet in contact with
a ferroelectric [16]

FIG. 2. XMCD image (left) and associated charge map (right) of
an artificial kagome spin ice (see inset) during magnetization reversal revealing monopole-antimonopole pairs separated by Dirac
strings. Figure adapted from Ref. [6].

shape of particular islands it is possible to control both where
the nucleation of monopole-antimonopole pair occurs and
where the monopoles are brought to a stop (supplementary information in Ref. [6]). Such controlled manipulation
of magnetic charges may lead to novel spintronic devices.
FIG. 3: Element-specific synchrotron x-ray tomographic
image of a cobalt-coated artificial buckyball. Cobalt is
shown in orange and the underlying polymer resist scaffold in blue. Image from Ref.
[15].
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For finite building blocks of the artificial kagome spin ice consisting of one, two and three hexagonal rings of nanomagnets [7], the application of an ‘effective thermal anneal’ via
demagnetisation leads to a decreasing percentage of low
energy states as the number of rings increases, indicating
that it will be impossible to achieve the ground state in an
extended array. We therefore established a method to create artificial spin ice with fluctuating magnetic moments and
to image in the PEEM the evolution of magnetic configurations with time. The observed thermally active behaviour
can be understood by considering the low energy sector of
the dipolar energy landscape [8].
The possibility to watch spontaneous moment reorientations in such thermally active systems provides a means to
study relaxation processes and a route to achieve the lowest energy states. Using this approach, we have observed
the thermal relaxation of extended arrays of artificial spin ice
with nanomagnets arranged on a square lattice. This occurs
via two regimes, starting with a string regime, where charge
defect pairs nucleate and propagate through the system,
and is followed by a domain regime, where domain walls
separating ground state domains anneal out to form a fully
ordered state [9].
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The state-of-the art in the search for dark matter

PT 3/2016

Laura Baudis, Physik Institut, University of Zürich, laura.baudis@uzh.ch
More than eighty years after its first postulation in modern
form, the existence and distribution of dark matter in our
universe is well established. Dark matter is the gravitational
glue that holds together galaxies, galaxy clusters and structures on the largest cosmological scales, and an essential
component to explain the observed fluctuations in the cosmic microwave background. Yet its existence is inferred
indirectly, through its gravitational influence on luminous
matter, and its nature is not known. A viable hypothesis is
that dark matter is made of new, elementary particles, and
well- motivated classes of candidates are axions and weakly interacting massive particles (WIMPs). Axions, produced
non-thermally in the early universe, can be detected by exploiting their predicted couplings to photons and electrons.

The local density of dark matter is around 7 × 10-25 g/cm3
(0.4 GeV/cm3) [3, 4], implying a WIMP flux onto the Earth
of about 105 cm-2s-1, for a particle mass of ~100 GeV [5].
While this is a relatively small flux, it allows us to in principe
detect WIMPs as they pass through and scatter elastically
off atomic nuclei in a terrestrial detector [6]. Considering a
WIMP velocity dispersion of σ ≈ 270 km s-1 and an escape
velocity of vesc ≈ 544 km s-1 [7, 8] in the galactic rest frame,
a dark matter particle with a mass in the GeV − TeV range
has a mean momentum of a few tens of MeV and an energy
ER < 50 keV is transferred to the atomic nucleus during an
elastic collision. Expected event rates in a terrestrial detector range from about 10 to much less than 1 event per tonne
of active detector material and year. Essential ingredients to
observe a WIMP-induced nuclear recoil spectrum are thus
a very low energy threshold, an ultra-low background noise
and a large WIMP target mass [9].

WIMPs have masses that are predicted to be in the range
of a few GeV to ~10 TeV and are within reach of direct and
indirect dark matter searches and of high-energy colliders
[1]. Direct detection experiments search for a scattering signal between the WIMP and an atomic nucleus, while indirect
detection experiments aim to detect annihilation products of
dark matter particles, such as neutrinos, gamma rays, antiprotons and positrons above the astrophysical background.
Experiments at colliders look for dark matter production in
high energy particle collisions. At the LHC, the signature is
missing energy, as the WIMP leaves the detectors unobserved, accompanied by a jet, a photon, a Z etc, that are
required for tagging the event (as the dark matter particles
will escape the detectors unnoticed). These approaches are
complementary to one another, and to astrophysical probes
that can also test non-gravitational interactions of dark matter [2].
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A large variety of particle detection techniques are employed
to search for the tiny signal that arises when the energy of
the scattered nucleus is transformed into ionisation, scintillation light or lattice vibrations. Among those with highest
sensitivities are cryogenic experiments operated at sub-Kelvin temperatures, detectors based on liquified xenon and
superheated liquid detectors [5]. In addition, a strong R&D
program for detectors capable of measuring the direction of
the recoiling nucleus is ongoing [10]. Traditionally, the main
background sources for these experiments were radio-impurities in the detector construction materials, neutrons from
(α, n) and fission reactions, cosmic rays and their secondaries, activation of detector materials during exposure at the
Earth’s surface, as well as sources intrinsic to the target materials. As detectors get
��-�
larger and larger, and external backgrounds
from cosmic rays and radioactivity from de�����
tector materials become less relevant, the
��-�
main backgrounds will come from neutrino
�
�
interactions. Solar pp and 7Be neutrinos
����
produce neutrino-electrons scatters, thus
��-�
� (����)
����
electronic recoils, while the ultimate back� -��
�������
ground might come from neutrino-induced
����
����
��-�
nuclear recoils from coherent neutrino-nu�
cleus scatters. The coherent scattering rate
��� ����
�ν
from 8B solar neutrinos will provide a poten���
��-��
����
tially irreducible background for low-mass
LZ
��� /
WIMPs, limiting the cross section sensitiv����
��
����
-��
ity to ~ 4 × 10-45 cm2 for WIMPs of 6 GeV/c2
��
�ν
mass. Atmospheric and diffuse supernova
� ���
���� ��
�
�
�
�
neutrinos will dominate the rate for WIMP
���
masses above ~ 10 GeV/c2 and cross sec��
���
����
tion below 10-49 cm2 [11, 12, 13, 14, 15].
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Figure 1. Spin-independent WIMP-nucleon scattering results: Existing upper limits
from the CRESST-II [16], SuperCDMS [17], DAMIC [18], PandaX [19], DarkSide-50
[20], XENON100 [21], LUX [22] and other experiments, along with projections for SuperCDMS [17], XENON1T [23], XENONnT [24] (same as LZ [25]), and DARWIN [26]
are shown. DARWIN [27] is designed to probe the entire parameter region for WIMP
masses above ~ 6 GeV/c2, until the neutrino background (dashed ν-line) will eventually
start to dominate the recoil spectrum.
21

There is no convincing evidence for WIMP
dark matter from any direct detection experiment. The current experimental upper
limits and projected sensitivities for the
spin-independent WIMP-nucleon interactions as a function of the WIMP mass are
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summarised in Figure 1. The lowest mass region is accessible by detectors with very low energy threshold and/or
lighter target nuclei, while the higher mass region is probed
by experiments with very low background rates and high
target masses. Below WIMP masses of 6 GeV, the tightest constraints are derived from DAMIC [18], CRESST [16],
EDELWEISS [28] and SuperCDMS [17].
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The most constraining upper limits for WIMP masses above
6 GeV come from the LUX experiment [29] using a liquid
xenon time-projection chamber. The reached 90% upper
C.L. cross section for spin-independent WIMP-nucleon couplings has a minimum of 4 × 10-46 cm2 at a WIMP mass of
33 GeV/c2, thus confirming and improving upon the previous XENON100 results [21]. Several new, ton-scale experiments are either in commissioning (ArDM [30], DEAP-3600
[31], XENON1T [23]), or in advanced planning phase (LZ
[25], XENONnT [24], XMASS-5t [32]) in underground laboratories around the world, with aimed sensitivities which are
a factor of 40 - 100 higher than current ones.
Finally, so-called ultimate WIMP detectors such as DARWIN
[26, 15, 27], operating multi-tons of target material, would
have the capability of probing the entire experimentally accessible parameter space, until the neutrino-induced background will eventually start to become visible, as shown in
Figure 1. Besides its excellent sensitivity to WIMPs above
a mass of 5 GeV/c2, such a detector with its large mass,
low-energy threshold and ultra-low background level will
also be sensitive to other rare interactions. It will search for
solar axions, galactic axion-like particles and the neutrinoless double-beta decay of 136Xe, as well as measure the
low-energy solar neutrino flux with < 1% precision, observe
coherent neutrino-nucleus interactions, and detect galactic
supernovae [27, 33].
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A full article based on the plenary talk of Tilman Sauer, "Biography of an idea: the case of gravitational lensing" has
been assigned to our series "History of Physics". You will find it on page 53.

Pre-Announcement: Joint Annual meeting 2017
The next annual meeting will take place from 21 - 25 August 2017 in Genève. As every two years it will be jointly
organised with our colleagues from the Austrian Physical
Society (ÖPG). CHIPP will participate as well. A rich and
interesting program is, as usual, guaranteed.

Reserve already the date !
More information will appear in the next issues of the SPG
Mitteilungen as well as on our web-site in Spring 2017.
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The B0 " K*(892) µ+µ− anomaly and the flavour jigsaw puzzle
Nicola Serra, Physik-Institut, Universität Zürich
1 Introduction

models, have been proposed. Almost all these new theories
predict the existence of new, heavy particles, unknown in
the Standard Model, that would have played a fundamental
role in the early, high energy phase of the Universe. The
search for such new particles is one of the main goals of the
experiments at the Large Hadron Collider (LHC) of CERN
in Geneva.
There are two main different ways to search for physics
beyond the SM: direct and indirect. The former consists of
searching for new particles which might be produced when
colliding known particles at high energies. The latter consists of performing precise measurements of decays of
known particles to infer the existence of new particles which,
interacting with SM particles, would change the decay properties. According to the Heisenberg uncertainty principle
and Quantum Field Theory, these new particles can enter
in the decays as virtual particles. Indirect searchers allow
therefore to probe energies which are orders of magnitudes
higher than those achievable by direct searches. However,
they require good understanding of what is the predicted
behaviour of such decays in the SM.

The Standard Model of particle physics (SM) has been very
successful in describing all microscopic physics phenomena with great precision. The SM tells us that protons and
neutrons are made of quarks of different types. The proton
is made of two u-quarks and one d-quark, while the neutron consists of two d-quarks and one u-quark. They are
bound together via the strong interaction that is mediated
by the gluon. The u- and d-quarks belong to the first family,
as shown in Fig. 1. There are other two heavier "replicas"
of this family. In the same way, in addition to the electron
(and its associated neutrino νe), there are two other heavier
charged leptons: the muon and the tau (and their associated
neutrinos). The reason why there are three different replicas
of the "same" particles is unknown and it goes under the
name of "flavour puzzle". In addition to these particles, there
are the gauge bosons which are responsible for the interactions, like the photon for the electromagnetic force. Finally,
the Higgs boson is responsible for the mass of particles.

2 The LHCb experiment
Most NP models, in particular those aiming to solve the flavour puzzle, predict that new particles couple predominantly
to the third family (consisting of b- and t-quarks). The LHCb
experiment [1] at the LHC is mainly designed and optimized
for indirect searches, in particular to measure properties of
decays of b-hadrons (particles containing b-quarks).

Fig. 1: Particle content of the Standard Model.

While particle physics plays a key role in astrophysics and
cosmology, there is ample evidence that the SM is not complete. Two of the main reasons are the existence of Dark
Matter and the matter-antimatter asymmetry in the Universe. First of all, most matter in the Universe consists of
unknown massive elementary particles, which do not interact electromagnetically, known as Dark Matter.
Secondly, while the SM is "almost symmetric" between particles and anti-particles, our Universe consists mainly of
matter, with a tiny amount of anti-matter. Assuming matter
and anti-matter were produced in equal amounts during the
big bang, we need a mechanism to create this asymmetry during the evolution of the Universe. While the SM has
the basic ingredients to create such asymmetry (so called
Sakharov conditions), it can only explain less than a billionth of the asymmetry we see in the Universe. In the last
decades a plethora of models extending the SM to account
for these problems, often referred to as New Physics (NP)

Fig. 2: Schematic view of the LHCb detector.

At the LHC two protons collide at a maximum energy of 14
TeV, which is comparable to the kinetic energy of a flying
mosquito, and corresponding to the average thermal energy
that particles had a few billionth of a second after the big
bang. During the first run of LHC (Run1) the LHCb experiment collected 1 fb−1 of p-p collisions at 7 TeV in 2011 and
2 fb−1 at 8 TeV in 2012. These collisions produce roughly
1012 b-hadrons per fb−1. B-hadrons have in general long life23
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K* (892) is not a stable particle and decays immediately into
a charged kaon K+ and a charged pion π−. The same reasoning applies to the Br 0 which decays into the final state
µ+µ−K−π+ with a b " s transition. In the following we will refer
in general to b " s transitions to indicate both processes.
In the detector the trajectory, energy and momentum of the
four particles µ+µ−K±π∓ are measured.

times, i.e. they decay about 1 cm far away from the vertex
where the two protons collide. The Vertex Locator (VELO)
of LHCb allows to make a precise measurement of the decay point of the b-hadron and to distinguish the signal from
the background. In addition, the LHCb detector has a tracking system which allows to make precise measurements of
particle momenta, with δp/p ~ 0.5%. Finally, the two RICH
detectors, the muon system and the calorimeter system, allow to tell the different particles (muons, pions, kaons etc...)
apart from each other. A schematic view of the LHCb detector is shown in Fig. 2. The second run of LHC (Run2)
started in 2015 and will continue till 2018. In this period the
LHCb experiment is expected to collect about 8 fb−1 of data
at 13 TeV. In 2018 the LHCb detector will be upgraded, allowing to collect about 50 fb−1 in the third run of LHC.

The SM predicts the branching ratio of this decay (i.e. the
probability that the B0 meson decays into this final state)
and also the angular distributions of the decay products. If
new particles exist, additional diagrams would in general
contribute to the same decay, modifying these properties.
An example is given in Fig. 3 (bottom), where the possible
contribution of a Z′ boson, not present in the SM is shown.
The B0 " K* (892) µ+µ− decay is completely described by
three angles θ,, θK and φ (the exact definition of the angles
can be found in Ref [2]) in addition to the dimuon invariant
mass squared q2. The differential decay rate as a function of
the three angles, for a given q2 value is:

3 The B0 " K* (892) µ+µ− anomaly
Promising places to search for new particles are rare decays of B-mesons, since the SM contribution is small and
NP can enter with a similar strength. The B0 meson is a
bound state of an anti b-quark (br ) and a d-quark (d). The
transition br " sr cannot happen directly in the SM, but only
via a second order process that involves a "loop", as shown
in Fig. 3 (top). The d-quark does not take part in the interaction and it is referred to as "spectator". The final state consists of a muon and an anti-muon (we will call this system
di-muon in the following) and a K* (892) meson, which is
composed of the spectator d-quark and the sr -quark. The

d 3 (C + Cr )
1
= 9 [ 3 (1 - FL) sin 2 i K
C d cos i , d cos i K dz
32r 4
1
2
+ FL cos i K + (1 - FL) sin 2 i K cos 2i , - FL cos 2 i K cos 2i ,
4
+ S3 sin 2 i K sin 2 i , cos 2z + S4 sin 2i K sin 2i , cos z
+ FL (1 - FL) P 5l sin 2i K sin i , cos z + 4 AFB sin 2 i K cos i ,
3
+ S7 sin 2i K sin i , sin z + S8 sin 2i K sin 2i , sin z
(3.1)
+ S9 sin 2 i K sin 2 i , sin 2z ]
By measuring the colored quantities in Eq. 3.1 we can infer
which diagrams contribute to the decay. A discrepancy of
the measured observables with respect to SM predictions
would indicate new particles contributing to this decay. The
interpretation of these measurements is complicated by the
fact that we cannot observe free quarks, but they are always
bound by the strong interaction in qqr (mesons) or qqq (baryons) states. Quantum chromodynamics (QCD) describes
the strong interaction. However, since it is not perturbative
at low energies, QCD computations have often a large uncertainty associated. At the EPS conference in 2013, the
measurements of the full set of angular observables were
presented for the first time by the LHCb collaboration. The

Fig. 4: The measurement of the observable P5′ by the experiments LHCb [3, 4] and Belle [5] are shown. The theory prediction
from Ref. [6] is also shown.

Fig. 3: Feynman diagram for the decay B0 " K*µ+µ− in the SM
(top) and in a possible NP model (bottom).
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universality of leptons, therefore if a value RK < 1.0 will be
confirmed this would rule out the QCD interpretation. Intriguingly, other recent measurements of semileptonic decays by
the experiments BaBar [14], Belle [15, 16] and LHCb [13]
seem to challenge the lepton universality between muons
and taus. While these measurements are not directly related to the B0 " K* (892) µ+µ− anomaly, in the context of NP
models it is natural to have such a pattern. For instance, the
semileptonic measurements could be explained with new
W±′ bosons belonging to a triplet that contains also the Z′
boson, similarly to the triplet of weak gauge bosons (W±, Z0)
of the SM.

result which attracted most of the attention was a significant
discrepancy between measurements and predictions in the
observable P5′ (the red quantity in Eq. 3.1). This analysis
was done with data collected in 2011 at 7 TeV [3]. Later this
result was confirmed by an analysis with the full Run1 dataset [4]. Recently the Belle experiment also confirmed this
measurement [5]. The three experimental results and the
theory predictions are shown in Fig. 4.
4 A coherent pattern?
The B0 " K* (892) µ+µ− anomaly stimulated a large amount
of theoretical work. Some theorists have argued that this is
sign of new physics (see for instance Ref [7] and references
therein). In particular, they interpreted the discrepancy in
P5′ as the contribution of a new boson denoted as Z′. The
main argument that supports this view is that there seems
to be a coherent pattern between the deviation in P5′ and
other smaller discrepancies with respect to SM predictions
observed in other b " s transitions. Several branching ratios
of decays of the type B0 " hs µ+µ−, where hs is a hadron containing the s-quark, have been measured to be lower than
expectations. In particular, the ratio of branching ratios
RK =

5 Conclusions and outlook
Measurements of b-hadron decays are indirect probes for
physics beyond the SM and allow to test energy scales much
higher than direct searches. Recent measurements of b " s
transitions at LHCb have shown a pattern of deviations with
respect to SM predictions which seem to be consistent with
new particles. In particular, the measurement of the angular
observable P5′ in the B0 " K* (892) µ+µ− decay has attracted
large attention in the flavour physics community. Some authors have attributed this discrepancy to a possible new Z′
boson, while others have pointed out a possible SM explanation involving a larger than expected charm loop contribution. This issue has stimulated an intense discussion in the
theory community, however, it is likely that this will be solved
only with new measurements. The Run2 of the LHC will tell
us which of these interpretations is true and in any case we
will learn more about Nature. Finally with the future upgrade
of the LHCb experiment and the future BelleII experiment
we will be able to make precise measurements which will
shed light onto this open issue. Only a joint effort by theorists and experimentalists will tell us if we found a key piece
to solve the flavour jigsaw puzzle.

B

( B + " K + e + e -)
+
+
+
B (B " K n n )

is found to be 2.6 standard deviations below unity [8], while
the SM predicts that electrons and muons behave in the
same way. The contribution of a Z′ boson, coupling with a
different strength to muons and electrons, would break the
lepton universality of the SM. This is particularly intriguing
since it could give us insight on the solution of the flavour
puzzle.
Other theorists have pointed out that there is a possible
QCD contribution which can mimic the effect of the Z′ boson
in the observable P5′ [9, 10]. This is related to the production of a ccr -quark pair with the emission of a photon (charm
loop), as shown in Fig. 5.

Fig. 5: QCD contribution to the decay B0 " K* (892) µ+µ−, known
as charm loop. Reproduced from [11]

Fig 6: The LHCb detector and collaboration.
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Topological mechanics: Topology’s route to applications?
Roman Süsstrunk and Sebastian D. Huber, Institute for Theoretical Physics, ETH Zürich, 8093 Zürich, Switzerland
deformation of the objects under investigation. Let us translate this to the engineering world: If a targeted functionality
can be bound to such a topological property of the metamaterial, it will be realized with near perfection despite the
potentially substantial production imperfections. Given this
"failsafe" approach, it is not surprising that the emerging and
still rather young field of topological metamaterials is gaining ever more momentum.

Metamaterials are smart materials whose properties arise
from a clever engineering of their structure rather than from
their composition. This fairly broad definition encompasses
materials such as semiconductor hetero-structures for the
investigation of low-temperature quantum phases, materials
with tailored electromagnetic properties such as Faraday
cages, photonic crystals employed in telecom applications,
or mechanical metamaterials used for vibration isolation or
acoustic cloaking. Despite the fact that in the above examples length- and temperature-scales can range from the
nanometer to architectural scales, and from sub-Kelvin to
room temperature, such metamaterials often follow common
design principles that lead to their specific functionalities.
Recently, such a new design principle has been established
for photonic and mechanical metamaterials: Motivated by
the success of the use of a mathematical concept called
"topology" in the description of quantum-mechanical lowtemperature phases of electrons, classical topological mechanical and photonic metamaterials have been suggested
and materialized.

In our work we focus on topological effects in mechanical
systems [1,2]. In particular, we try to make use of one of the
core features of topological systems: the existence of stable
surface modes whose presence is dictated by the structure
of the bulk. This so-called bulk-edge correspondence gives
rise to the "failsafe" design principle. As long as imperfections in the system do not change the bulk properties in a
fundamental way, the surface will have intriguing properties
such as the presence of unidirectional wave-guides for lattice vibrations.
When discussing topological mechanical metamaterials, we
can group them into three broad classes [3]. First, there is
an important difference between topological features around

Topology is a mathematical concept that describes entities
in terms of properties that do not change under a smooth
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zero frequency and those at high, i.e., non-zero, frequency.
The former have direct implications on static and thermodynamic properties of the metamaterial, while the latter are
useful for applications where the transport of mechanical
energy in the form of lattice vibrations plays a role. For the
high-frequency applications, we can make a further distinction between so-called active metamaterials, where energy
has to be injected from the outside and passive materials
that possess topological properties also in the absence of
an external drive. In this progress article we will highlight
the advances in the field over the last few years both on
zero-frequency phenomena as well as on active and passive metamaterials that capitalize on topological effects at
high frequencies.

argument due to Maxwell and Calladine [5] makes the situation more transparent:
#(zero modes) − #(states of self stress)
= #(degrees of freedom) − #constraints.
Clearly, even in a Maxwell frame, where the right-hand side
vanishes, there can be zero modes if rods are "wasted"
between hinges that would otherwise already be full constrained. These redundant rods give rise to states of selfstress, where there can exist stresses on the rods without
net forces on the hinges, cf. Figure 1b.
The topological description of periodic Maxwell frames by
Kane and Lubensky [4] is making predictions of how these
zero modes and states of self-stress are distributed in an
otherwise balanced frame. In particular, if a periodic Maxwell frame is cut open to a finite system, one necessarily
obtains zero modes. The topological polarization RT of Kane
and Lubensky is indicating where on the surface these zeromodes appear [4].

Zero frequency properties: Maxwell frames
Mechanical systems are described by a second order differential equation, Newton’s equations of motion. For a generic
system, all coefficients appearing in this equation describe
coupling strengths of different local modes, effective mass
densities or externally applied forces. All of these result in
real coefficients, which in turn imply certain symmetries of
the equations. In particular, for a collection of masses interacting via central forces, the equations are formally identical
to particle-hole symmetric electron systems known from the
quantum theory of superconductivity [4]. It is this symmetry
analogous to the quantum mechanical particle-hole symmetry which enables the topological description of zero-frequency properties of a special class of mechanical systems
known as Maxwell frames.

The topologically polarization RT is a topological quantum
number intrinsically bound to one-dimensional systems.
This restriction arises from the fact that the polarization RT is
nothing but the winding number known for electron systems
in class BDI in the Altland-Zirnbauer classification [6]. This
class is known to only host topological phases in one spatial
dimension.
These topological Maxwell frames have been materialized
in various experiments over the last few years [7-10]. Zeromodes of a one dimensional structure have been shown to
exist in a toy system made from LEGO [10]. Moreover, it
was observed that these zero modes seed a non-linear conduction mechanism.
There is, however, a way to get higher dimensional systems
described by the Kane-Lubensky theory. By stacking one dimensional systems to two- or three-dimensional lattices, the
polarization RT can be carried over to higher dimensions. A
procedure known from electronic systems in the framework
of "weak" topological indices. Indeed such stackings have
been proposed [11] and offer interesting future directions for
the design of anisotropic elastic materials.
Topological surface states around zero frequency are obviously relevant for the thermodynamic low-energy physics of
a mechanical system. However, the constraint on Maxwell
frames makes these states somewhat non-generic. Moreover, one could ask if phononic transport at explicitly nonzero frequency could enjoy topological protection.

Figure 1: A) A finite Maxwell frame with no zero modes. B) A Maxwell frame where the rightmost point can be rotated freely at the
expense of a state of self stress: If the bars are stressed like indicated by the arrows, no net forces act on the points.

High frequency properties: Wave guiding
High-frequency topological band-structures are not bound
to Maxwell frames but can in principle be found in any mechanical structure. However, in this more general case the
topological classification is more intriguing. In a recent publication [3] we could show how the "periodic table of topological insulators" by Kitaev [12] and Ryu and collaborators [13]
translates to the mechanical world.

A general frame is a system of (stiff) rods connected by perfect hinges, cf. Figure 1a. A Maxwell frame is such a collection of rods and hinges where the number of degrees of
freedom of the hinges exactly matches the number of constraints imposed by the rods. Owing to this perfect balance,
one could expect that there are no freely movable parts, i.e.,
zero modes, in such a frame. However, a simple counting
27
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The periodic table of topological insulators offers a look-up
table if for a given symmetry and spatial dimension a system
can harbor a topological band structure. When translating
this table to classical systems it is important to note that
certain topological phenomena, such as the quantum spin
Hall effect for electrons observed in HgTe-CdTe quantum
wells [14], requires a time-reversal symmetry T that square
to minus one T2 = -1. This behavior is known from quantum
spin-1/2 objects like electrons and it is not a priori clear if the
same physics can be observed in a classical system.

particular, we have shown that the spectrum of surfaces
states is given by two counter-propagating phonon modes
that differ by an internal degree of freedom akin the two spin
states of electrons in HgTe systems, cf. Figure 2. Moreover,
we demonstrated that the surface phonons are immune to
a broad class of disorder, fulfilling the promise of offering
a design principle for metamaterials which are immune to
production imperfections.
It is worth mentioning that beside our setup, which relies on
a specific symmetry and offers the phenomenology of helical (bi-directional channels differing by their "spin") rather
than chiral (strictly uni-directional) channels, there have
been experiments demonstrating the latter [15]. In a collection of magnetically coupled gyroscopes, Nash and coworkers could demonstrate acoustic surface states that are
strictly chiral akin the phenomenology of the quantum Hall
effect discovered in the early 80ies of the last century [16].
Moreover, their system does not require any symmetry and
is hence extremely stable against any type of disorder.

In our recent experiment we have answered this question
affirmatively. We could show how a collection of pendula,
coupled via springs, lever arms, and ball bearings, can display all features of topologically protected edge modes. In

What did we achieve by exploring topological band structures beyond the quantum mechanical world of electrons?
The phenomenology and theoretical description of these
electronic systems is well understood and there is little hope
that the mechanical models add significantly to our understanding of such electron systems. However, the fabrication
and measurement techniques in the classical mechanical
world are significantly simpler and under much higher control than their electronic counterparts. This in turn enables
us to explore new devices in an efficient way. Moreover, for
technological applications the ease of fabricating at the millimeter or micron scale rather than at the nano-scale might
lead to industrial application of devices based on topological
phenomena in a comparatively short time.
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Figure 2: A) Observation of helical phonon transport. Each site
represented by a circle hosts an effectively two-dimensional pendulum. The wedge indicates when the wave packet injected in the
bottom right circle was measured at the respective site, with time
running counter-clock wise. The gray color in the bottom right site
represents a linearly polarized wave packet which splits into a left(red) and right- (blue) circularly polarized wave packet, each running around the sample in opposite direction. This locking of the
polarization to the propagation direction is the hallmark of the helical edge channels in the quantum spin Hall effect. B) Picture of the
experimental setup.
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Milestones in Physics (10)
From the Quark Model to the Standard Model
Heinrich Leutwyler, Albert Einstein Center for Fundamental Physics, Institute for Theoretical Physics,
University of Bern, Sidlerstr. 5, CH-3012 Bern
I briefly review the conceptual developments which – in the course of only ten years – led to the Standard Model of particle
physics and discuss some of the remarkable qualitative features of this theory [1].
1 Situation at the beginning of the 1960ies

The basis of this pessimistic conclusion is clearly spelled
out:
...the effective interaction always diminishes with decreasing energy, so that the physical interaction at finite
energies is always less than the interaction at energies
of the order of the cut-off limit which is given by the bare
coupling constant appearing in the Hamiltonian.
The dependence of the coupling constant on the energy
scale E characterisitc of a given process is described by
the β-function. If the theory is renormalizable and involves a
single coupling constant g, the formula reads:

In 1962, when I completed my studies, many phenomena
had been observed in particle physics, but only a very small
fraction thereof was understood in the sense that they could
be explained as a consequence of known laws of nature.
Gradually it had become clear that the electron, the proton
and the neutron have many relatives and four qualitatively
different forces among them had been identified: gravity, the
electromagnetic interaction that holds the atoms together,
the weak interaction responsible for β decay and the strong
interaction that binds protons and neutrons to nuclei.
The electron and its relatives do not participate in the strong
interaction. They are referred to as leptons. Until now, three
charged leptons (e, µ, τ) have been found and each one of
these has a neutral partner, referred to as a neutrino:

E

In this terminology, Landau’s statement refers to the fact
that all of the models of quantum field theory explored by
that time had a positive β-function at weak coupling. Lagrangians involve products of the fields and their derivatives
not only at short distances, but at the very same space-time
point. If the strength of the interaction grows beyond bounds
when the distance shrinks, the Lagrangian is a questionable
notion.
Indeed, many people doubted that the strong interaction
could at all be described by means of a local quantum field
theory. As a way out, it was suggested to give up quantum
field theory and only rely on S-matrix theory – heated debates about this suggestion took place [3]. In short, fifty
years ago, a theory of the strong interaction was not in sight.
What was available was a collection of beliefs, prejudices
and assumptions which where partly contradicting one another. As we now know, quite a few of these were wrong.

Leptons
e (1897)

µ (1936)

τ (1975)

oe (1956)

oµ (1962)

oτ (2000)

dg
= b ( g)
dE

The relatives of proton and neutron, the baryons, do interact
strongly. They carry half-integer spin and hence obey Fermi
statistics. There is a second family of strongly interacting
particles, the mesons. These carry integer spin and thus
obey Bose statistics. The term hadrons is used to collectively label the mesons and baryons. Only one of the leptons
(the electron) and one of the baryons (the proton) are stable – to the extent that, until now, the search for their decay
was not successful. All others have a finite lifetime (neutrons
bound in a nucleus may stay captured forever because energy conservation can forbid the decay n " p + e + or e , the
most likely fate of a free neutron).
General principles like Lorentz invariance, causality and
unitarity had given deep insights: analyticity, dispersion
relations, CPT theorem, relation between spin and statistics, for instance. Motivated by the successful predictions of
Quantum Electrodynamics (QED), many attempts at formulating a theory of the strong interaction based on elementary
fields for baryons and mesons were undertaken, but absolutely nothing worked even halfway. There was considerable
progress in renormalization theory, but faith in quantum field
theory was in decline, even concerning QED. I illustrate the
situation at the beginning of the 1960ies with the following
quotation from Landau’s assessment [2]:
We are driven to the conclusion that the Hamiltonian
method for strong interaction is dead and must be buried,
although of course with deserved honor.

2 Quarks
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The Bohr Model (1913) played a key role in unraveling the
structure of the atoms. The discovery of the Quark Model
(1964) represents the analogous step in the developments
which led to a solution of the puzzle posed by the strong
interaction. Indeed, our understanding of the laws of nature
made remarkable progress in the eight years between that
discovery and the formulation of Quantum Chromodynamics (1972), the keystone of the Standard Model.
Gell-Mann [4] and Ne’eman [5] independently pointed out
that the many baryons and mesons observed by the beginning of the 1960ies can be grouped into multiplets which
form representations of an approximate symmetry. The proposal amounts to an extension of the approximate symmetry
introduced by Heisenberg to explain the fact that proton and
neutron have nearly the same mass [6], which is referred
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the u, d and s quarks occur in 3 different states. Gell-Mann
coined the term “colour” for the new quantum number.
Today, altogether six quark flavours are needed to account
for all of the observed mesons and baryons:

to as isospin symmetry and is characterized by the group
SU(2). The extension replaces SU(2) by the larger group
SU(3). As indicated by the name Eightfold Way, the Lie algebra of SU(3) contains eight independent elements, which
play a role analogous to the three components of isospin.

u (1964)

d (1964)

c (1974)

s (1964)

t (1995)

b (1977)

The pattern is remarkably similiar to the one of the leptons:
the quarks also come in three families, but in contrast to the
leptons, each one of the quarks comes in three versions,
distinguished by the colour quantum number. When the μ
was discovered, Rabi had asked: Who ordered that ? We
now know that there are three families of leptons, not only
two, but this does not solve the puzzle. Moreover, the same
question arises with the quarks: the first family would suffice
to form protons and neutrons. Why are there three families
of leptons and three families of quarks ?
In 1968 Bjorken pointed out that if the nucleons contain
point-like constituents, then the cross section for the scattering of electrons on protons should obey scaling laws in
the deep inelastic region [14]. Indeed, the scattering experiments carried out by the MIT-SLAC collaboration in 1968/69
did show experimental evidence for such constituents [15].
Feynman called these partons, leaving it open whether they
were the quarks or something else.

Quark Model: Murray Gell-Mann, George Zweig

On this basis, Gell-Mann predicted the occurrence of a baryon Ω-, needed to complete the decuplet representation of
the Eightfold Way. In contrast to the other members of the
multiplet, which represent rapidly decaying resonances, this
particle is comparatively long-lived and thus leaves a trace
in bubble chamber pictures. In 1964, the Ω- was indeed
found at the predicted mass, in a Brookhaven experiment.
Gell-Mann and Zweig [7, 8] then independently pointed out
that the multiplet pattern can qualitatively be understood if
the mesons and baryons are bound states formed with constituents of spin ½ , which transform according to the fundamental representation of SU(3):
u, d, s. Zweig thought of them as real particles
and called them ‘aces’. In view of the absence
of any experimental evidence for such constituents, Gell-Mann was more reluctant 1. He introduced the name ‘quark’, borrowed from James
Joyce 2 and suggested to treat the quarks like
the veal in one of the recipes practiced in the
Royal french cuisine (the pheasant was baked
between two slices of veal, which were then left
for the less royal members of the court).
The Quark Model was difficult to reconcile with
the spin-statistics theorem which implies that
particles of spin ½ must obey Fermi statistics.
Greenberg proposed that the quarks obey neither Fermi-statistics nor Bose-statistics, but
represent “para-fermions of order 3” [9]. The
proposal amounts to the introduction of a new
internal quantum number. Indeed, in 1965, Bogoliubov, Struminsky and Tavkhelidze [10], Han
and Nambu [11] and Miyamoto [12] independently pointed out that some of the problems
encountered in the quark model disappear if

Scalar fields can generate mass:
Robert Brout, François Englert, Peter Higgs,
Gerald Guralnik, Carl Hagen, Tom Kibble

1 Such particles [quarks] presumably are not real but we may use them in
our field theory anyway ... [13]
2 According to a story told to me by Lochlainn O’Raifeartaigh, James
Joyce once visited an agricultural exhibit in Germany. There he saw the
advertisement ”Drei Mark fü̈r Musterquark” (Mark was the currency used
in Germany at the time, Quark is the German word for cottage cheese,
Muster stands for ‘exemplary’, ‘model’ or ‘sample’). Joyce is said to have
been fond of playing around with words and may have come up with the
famous passage in Finnegans Wake in this way: Three quarks for Muster
Mark! | Sure he has not got much of a bark | And sure any he has it’s all
beside the mark.

Quarks

3 Gauge fields
According to the Standard Model, all interactions except
gravity are mediated by the same type of fields: gauge
fields. The electromagnetic field is the prototype. The final form of the laws obeyed by this field was formulated by
30
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4 Quantum Chromodynamics

Maxwell, around 1860 – his formulation survived relativity
and quantum theory, unharmed. While for the electrons, the
particle aspect showed up first (Thomson 1897), the wave
aspect of the e.m. field was thoroughly explored before the
corresponding quanta were discovered (Einstein 1905).
Fock pointed out that the Schrödinger equation for electrons
in an electromagnetic field is invariant under a group of local transformations [16]. Weyl termed these gauge transformations. In fact, gauge invariance and renormalizability
fully determine the form of the e.m. interaction. The core
of Quantum Electrodynamics – photons and electrons – illustrates this statement. Gauge invariance and renormalizability allow only two free parameters in the Lagrangian of
this system: e, me. Moreover, only one of these is dimensionless: e2/4π = 1/137.035 999 139 (31). This shows that
gauge invariance is the crucial property of electromagnetism: together with renormalizability, it fully determines the
properties of the e.m. interaction, except for this number,
which so far still remains unexplained.
The symmetry group that characterizes the electromagnetic field is the group U(1), but gauge invariance can be
generalized to larger groups, such as SU(2) or SU(3) [17,
18]. Gauge invariance then requires the occurrence of more
than one gauge field: 3 in the case of SU(2), 8 in the case
of SU(3), while a single gauge field is needed for U(1). Pauli had encountered this generalization of the concept of a
gauge field earlier, when extending the Kaluza-Klein scenario to Riemann spaces of more than five dimensions. He
did not consider this worth publishing, however, because he
was convinced that the quanta of a gauge field are necessarily massless like the photon: gauge invariance protects
these particles from picking up mass. In particular, inserting
a mass term in the Lagrangian is not allowed, because such
a term violates gauge invariance. Pauli concluded that the
forces mediated by gauge fields are of long range and can
therefore not possibly describe the strong or weak interactions – these are of short range [19].
Ten years later, Englert and Brout [20], Higgs [21], and
Guralnik, Hagen and Kibble [22] showed that Pauli’s objection is not valid in general: in the presence of scalar fields,
gauge fields can pick up mass, so that forces mediated by
gauge fields can be of short range 3.The work of Glashow
[24], Weinberg [25] and Salam [26] then demonstrated that
non-abelian gauge fields are relevant for physics: the framework discovered by Englert et al. does lead to a satisfactory
theory of the weak interaction.

Gell-Mann’s talk at the High Energy Physics Conference in
1972 (Fermilab), had the title “Current algebra: Quarks and
what else?” In particular, he discussed the proposal to describe the strong interaction in terms of a non-abelian gauge
field coupled to colour, relying on work done with Fritzsch
[27]. He pointed out that if the quanta of the gauge field,
the gluons, carry colour, then the empirical observation that
quarks appear to be confined might also apply to them: the
spectrum of the theory might exclusively contain colour neutral physical states.

Gauge theory of the strong interaction:
Murray Gell-Mann, Harald Fritzsch

Gauge theory of the weak interaction:
Sheldon Glashow, Abdus Salam, Steven Weinberg
3 For a detailed account of this development see the first article in the
present series [23].
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The main problem at the time was that for a gauge field
theory to describe the hadrons and their interaction, it had
to be fundamentally different from the quantum field theories encountered in nature so far. All of these, including the
electroweak theory, have the spectrum indicated by the degrees of freedom occurring in the Lagrangian: γ , W± , Z ,
scalar fields, electrons,... The Lagrangian of the strong interaction can be the one of a gauge field theory only if the
spectrum of physical states of a quantum field theory can be
qualitatively different from the spectrum of fields needed to
formulate it: gluons and quarks in the Lagrangian, mesons
and baryons in the spectrum. In 1973, when we critically
examined the arguments in favour of QCD as a theory of the
strong interaction [28], the idea that the observed spectrum
of hadrons can fully be understood on the basis of a theory
built with quarks and gluons still looked rather questionable
and was accordingly formulated in cautious terms. That this
is not mere wishful thinking became clear only when the
significance of the fact that the β-function of a non-abelian
gauge field theory is negative at weak coupling was recognized. Interactions with this property are called
asymptotically free. The following few comments
refer to the history of this concept. Further historical material concerning these developments
is listed in reference [29].
The first correct calculation of the β-function of
a non-abelian gauge field theory was carried out
by Khriplovich, for the case of SU(2), relevant for
the electroweak interaction [30]. He found that
β is negative and concluded that the interaction
becomes weak at short distance.
In his PhD thesis, ’t Hooft performed the calculation of the β-function for an arbitrary gauge
group, including the interaction with fermions
and Higgs scalars [31]. He proved that the theory is renormalizable and confirmed that, unless there are too many
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does offer an explanation – the following sections address
this question.

fermions or scalars, the β-function is negative at weak coupling.
This demonstrates that there are exceptions to Landau’s
rule, according to which the effective interaction always diminishes with decreasing energy: non-abelian gauge theories show the opposite behaviour, asymptotic freedom.
Symanzik pointed out that for theories with a negative
β-function at weak coupling, the behaviour of the Green
functions at large momenta is controlled by perturbation theory and hence computable [32]. The dimensions of the field
operators are then the same as for free fields; the interaction
only generates corrections that disappear at high energies,
in inverse proportion to the logarithm of the momentum. He
presented his results at a workshop in Marseille in 1972 [33]
and in the discussion that followed his talk, t’Hooft pointed
out that non-abelian gauge theories can have a negative
β-function at weak coupling.
Parisi discussed the consequences of a negative β-function
for the structure functions of deep inelastic scattering and
suggested that this might explain Bjorken scaling [34].
Gross and Wilczek [35] and Politzer [36] then showed that –
if the strong interaction is mediated by a non-abelian gauge
field – the asymptotic behaviour of the structure functions
is indeed computable. They predicted specific logarithmic
modifications of the scaling laws. In the meantime, there is
strong experimental evidence for these.

6 Why is QED different from QCD ?
I first discuss the difference between the electromagnetic
and strong interactions. It originates in the fact that the photons are electrically neutral while the gluons are coloured
objects, transforming according to the octet representation
of the colour group. The mathematical reason for the difference is that the gauge group of Quantum Electrodynamics,
U(1), is an abelian group while the gauge group of Quantum
Chromodynamics, SU(3), is non-abelian: for x1, x2 ! U(1)
the product x1 · x2 is identical with x2 · x1, but for x1, x2 !
SU(3), the element x1 · x2 in general differs from x2 · x1.
The two plots below compare the surrounding of a lepton
with the one of a quark. In either case, the interaction polarizes the vacuum. A positron generates a cloud of photons
in its vicinity as well as a cloud of electrons and positrons.
The electrons dominate, so that the charge density, which is
shown in the plot on the left, receives a contribution that is
of opposite sign to the bare charge inserted in the vacuum.
Accordingly, the total charge of the positron is smaller than
the bare charge, e < e(bare) : the vacuum shields the charge.
Likewise, a bare quark is surrounded by a cloud of gluons,
quarks and antiquarks. The difference between QED and
QCD manifests itself in the properties of these clouds: the
photon cloud (the Coulomb field surrounding the bare positron) does not contribute to the charge density, because the
photons are electrically neutral, but the gluons do show up
in the density of colour, because they are coloured. The corresponding contribution to the colour density turns out to be
of the same sign as the one of the bare quark at the center.
The gluon cloud thus amplifies the colour rather than shielding it.

5 Standard Model
In the Standard Model, the interactions among the constituents of matter are generated by three distinct gauge fields:
interaction

group

dim.

particles

source

coup
ling

charge

e

electromagnetic

QED

U(1)

1

γ

weak

QFD

SU(2)

3

W WZ

flavour

gw

strong

QCD

SU(3)

8

gluons

colour
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+

-

QED, density of charge
bare positron

The symmetry which underlies the weak interaction manifests itself in the fact that the families come in doublets:
{e, oe}, {u, d},... The symmetry group SU(2), which characterizes the corresponding gauge field theory, Quantum Flavourdynamics (QFD), takes the electron into a mixture of an
electron and a neutrino, much like an isospin rotation mixes
the members of the isospin doublet formed with the proton
and the neutron. More precisely, the gauge transformations
of QFD only affect the left-handed components of the doublets and leave the right-handed components alone. We do
not know why that is so, nor do we understand why there is
no gauge symmetry connecting the different families.
The symmetry group SU(3) acts on the colour of the quarks,
mixing the three colour states. Since the leptons are left
alone by the gauge group that underlies QCD, they do not
participate in the strong interaction.
The statement that all of the interactions except gravity are
mediated by the same type of field sounds miraculous. Since
a long time, it is known that the electromagnetic, weak and
strong interactions have qualitatively very different properties. How can that be if all of them are generated by the
same type of field ? For this puzzle, the Standard Model

QCD, density of colour
bare red quark
cloud of gluons

cloud of electrons and positrons

vacuum shields the charge

cloud of quarks and antiquarks

vacuum amplifies the colour

Concerning the cloud of quarks and antiquarks, the situation
is the same as in the plot on the left: their contribution to the
colour density is of opposite sign to the one from the bare
quark. Unless there are too many quark flavours, the contribution from the gluons is more important than the one from
the quarks and antiquarks: the vacuum amplifies the colour. As it is the case with QED, vacuum polarization implies
that the effective strength of the interaction depends on the
scale, but while e shrinks with increasing size of the region
considered, gs grows: gs > gs(bare) . In other words, the qualitative difference between QED and QCD arises because the
two interactions polarize the vacuum differently.
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Asymptotic freedom: Iosif Khriplovich, Gerard t’Hooft, David Gross, Frank Wilczek, David Politzer

7 Physics of vacuum polarization

cannot explain why the weak and strong interactions are so
different. The vacuum amplifies flavour for the same reason
as it amplifies colour: both of these theories are asymptotically free. Why, then, is colour confined, flavour not ?
The difference arises because, in addition to the constituents and the gauge fields that mediate the interaction between them, the Standard Model contains a third category
of fields: scalar fields, referred to as Higgs fields. These affect the behaviour of the weak interaction at long distance,
but leave the strong and electromagnetic interactions alone.
As shown by Glashow, Salam and Weinberg, an SU(2) doublet of Higgs fields is needed to describe the properties of
the weak interaction: four real scalar fields are required.
Lorentz invariance allows scalar fields to pick up a vacuum
expectation value. In particle terminology: spinless particles
can form a condensate. For the gauge fields which mediate
the weak interaction, the condensate feels like a medium
which affects the W and Z bosons that fly through it.
If the frequency of a W-wave is less than a certain critical
value ωW, which is determined by the strength of the interaction between the W and the Higgs fields, it penetrates only a
finite distance into the medium. For waves of low frequency,
the penetration depth is given by rw = c/ωW. If the frequency
is higher than ωW, then the wave can propagate. The group
velocity is less than the velocity of light – the condensate impedes the motion. In particle language: the W-particles pick
up mass. The size of the mass is determined by the critical
frequency, mW =ħωW/c2.
In the presence of the condensate, the interaction mediated
by the W-bosons thus involves the exchange of massive
particles. Accordingly, the 1/r-potential characteristic of the
exchange of massless particles is modified:

The fact that the vacuum reduces the electric field of a
charged source but amplifies the gluonic field of a coloured
source has dramatic consequences: although the Lagrangians of QED and QCD are very similar, the properties of the
electromagnetic and strong interactions are totally different.
The most important consequence of vacuum polarization
is that QCD confines colour while QED does not confine
charge. Qualitatively, this is easy to understand: the energy
density of the e.m. field that surrounds a positron falls off
with the distance – the field energy contained in the region
outside a sphere of finite radius is finite. Accordingly, only a
finite amount of energy is needed to isolate a positron from
the rest of the world: charged particles can live alone, the
electric charge is not confined. For a quark, the situation is
different, because the gluonic field that surrounds it does
not fall off with the distance. In order to isolate a quark from
the rest of the world, an infinite amount of energy would
be needed. Only colourless states, hadrons, can live alone:
mesons, baryons, nuclei.
As Zweig pointed out already in 1964, the forces between
two colourless objects can be compared with the van der
Waals forces between two atoms [8]. At long distance and
disregarding the e.m. interaction, the force between two
hadrons is dominated by the exchange of the lightest strongly interacting particle, the π-meson: the Yukawa formula is
indeed valid in QCD with r0 = ħ/mπc, not for the force between two quarks, but for the force between two hadrons. It
is of short range because the pion is not massless. The van
der Waals force between two atoms, on the other hand, is of
long range as it only drops off with a power of the distance:
atoms can exchange photons and these are massless.
An analytic proof that QCD does indeed confine colour is
not available, but the results obtained by means of numerical simulations of QCD on a lattice represent overwhelming
evidence that this is the case. The progress made with such
simulations in recent years has made it possible to calculate the masses of the lowest lying bound states of QCD
from first principles, in terms of the parameters occurring
in the Lagrangian. The fact that the result agrees with the
observed mass spectrum provides a very thorough test of
the hypothesis that the quarks are bound together with a
gauge field.
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The condensate thus gives the weak interaction a finite
range, determined by the penetration depth. At low energies, only the mean value of the potential counts, which is
given by
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In the Fermi theory of 1934 [37], the weak interaction is described by the contact potential VF = 4 2 GF d 3 (x ) , for which
the mean value is given by 4 2 GF . At low energies, the
exchange of W-bosons thus agrees with the Fermi theory,
provided g 2w r w2 = 4 2 GF .

8 Why is QFD different from QCD ?
The above discussion shows that the difference between
QED and QCD arises from vacuum polarization, but this

rw =

w
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curs at distances that are small compared to the penetration
depth. At larger distances, the condensate takes over and
shielding eventually wins – although the weak interaction is
asymptotically free, flavour is not confined.
This also implies that, at low energies, the weak interaction and the Higgs fields freeze out: the Standard Model
reduces to QED + QCD. In cold matter, only the degrees
of freedom of the photon, the gluons, the electron and the uand d-quarks manifest themselves directly. The remaining
degrees of freedom only show up indirectly, through small,
calculable corrections that are generated by the quantum
fluctuations of the corresponding fields.

Experimentally, the gauge particles which mediate the weak
interaction were discovered at the CERN SPS (UA1 and
UA2) in 1983. The mass of the W turns out to be larger than
the mass of an iron nucleus: mW = 85.673 ± 0.016 mproton.
The Z, which is responsible for the weak interaction via neutral currents, is even heavier: mZ = 97.187 ± 0.002 mproton.
This explains why the range of the weak interaction is very
short, of the order of 2 · 10-18 m, and why, at low energies,
the strength of this interaction is so weak.
Massless gauge particles have only two polarization states,
while massive particles of spin 1 have three independent
states. The Higgs fields provide the missing states: three of
the four real Higgs scalars are eaten up by the gauge fields
of the weak interaction. Only the fourth one survives. Indeed
a Higgs candidate was found in 2012, by the ATLAS and
CMS teams working at the CERN LHC. As far as its properties revealed themselves by now, they are in accord with the
theoretical expectations.

10 Masses of the leptons and quarks
The leptons and quarks also interact with the condensate.
Gauge invariance does not allow the presence of corresponding mass terms in the Lagrangian, but they pick up
mass though the same mechanism that equips the W and Zbosons with a mass. The size of the lepton and quark masses is determined by the strength of their interaction with the
Higgs fields. Unfortunately, the symmetries of the Standard
Model do not determine the strength of this interaction.
Indeed, the pattern of lepton and quark masses is bizarre:
the observed masses range from 10-2 eV/c2 to 10+11 eV/c2.
It so happens that the electron only interacts very weakly
with the condensate and thus picks up only little mass. For
this reason, the size of the atoms, which is determined by
the Bohr radius, aBohr = 4πħ/e2mec, is much larger than the
size of the proton, which is of the order of the range of the
strong interaction, ħ/mπc – but why is the interaction of the
electrons with the Higgs particles so weak ?

9 Transparency of the vacuum
The above discussion of the qualitative differences between
the electromagnetic, weak and strong interactions concerns
the behaviour at long distance. At short distance (10-19 m
) 2 TeV), all of the forces occurring in the Standard Model
obey the inverse square law. The interaction energy is of
the form
V = constant # 'c ,
r
where the constant is a pure number. As the gauge symmetry consists of three distinct factors, G = U(1) × SU(2) ×
SU(3), the strength of the interaction at short distances is
characterized by three distinct numbers:
e.m.: e
4r
2

g 2w
weak:
4r

11 Beyond the Standard Model

g 2s
strong:
4r

The Standard Model leaves many questions unanswered.
In particular, it neglects the gravitational interaction. By now,
quantum theory and gravity peacefully coexist for more than
100 years, but a theory that encompasses both of them and
is consistent with what is known still remains to be found.
This also sets an upper bound on the range of validity of
the Standard Model: at distances of the order of the Planck
length, , Planck = G'/c 3 = 1.6 · 10-35 m, the quantum fluctuations of the gravitational field cannot be ignored.
Neither the electromagnetic interaction nor the interaction
among the Higgs fields is asymptotically free. Accordingly,
the Standard Model is inherently incomplete, even apart
from the fact that gravity can be accounted for only at the
classical level. A cut-off is needed to give meaning to the
part of the Lagrangian that accounts for those interactions.
The Standard Model cannot be the full story, but represents
an effective theory, verified up to energies of order 1 TeV. It
may be valid to significantly higher energies, but must fail
before the Planck energy EPlanck ~ 1.2 · 1028 eV is reached.
Quite a few levels of structure were uncovered above the
present resolution. It does not look very plausible that there
are no further layers all the way to ,Planck.
Astronomical observations show that the universe contains
Dark Matter as well as Dark Energy. The latter may be accounted for with a cosmological constant, but we do not un-

Vacuum polarization implies that each of the three constants
depends on the scale. If the size of the region considered
grows, then the e.m.coupling e diminishes (the vacuum
shields the charge), while the coupling constant gw of the
weak interaction as well as the coupling constant gs of the
strong interaction grows (the vacuum amplifies flavour as
well as colour).
At distances of the order of the penetration depth of the
weak interaction, however, the presence of a condensate
makes itself felt. Since the particles in the condensate are
electrically neutral, the photons do not notice them – for
photons, the vacuum is a transparent medium and the mediation of the electromagnetic interaction is not impeded by
it. The condensed particles do not have colour, either, so
that the gluons do not notice their presence – the vacuum
is transparent also for gluons. The gauge field of the weak
interaction, however, does react with the medium, because
the condensed Higgs particles do have flavour: while the
Higgs fields are invariant under the gauge groups U(1) and
SU(3), they transform according to the doublet representation of SU(2). As discussed above, W and Z-waves of low
frequency cannot propagate through this medium: for such
waves the vacuum is opaque. The amplification of the weak
interaction due to the polarization of the vacuum only oc34
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derstand why this constant is so small. Anything that carries
energy generates gravity. Why does gravity not take notice
of the Higgs condensate ? The Standard Model does not
have room for Dark Matter, either. Supersymmetric extensions of the Standard Model do contain candidates for Dark
Matter, but so far, not a single member of the plethora of
super-partners required by this symmetry showed up.
We do not understand why the baryons dominate the visible
matter in our vicinity. In fact, this is difficult to understand
if the proton does not decay and until now, there is no upper bound on the proton lifetime. How could the observed
excess of quarks over antiquarks have arisen if processes
which violate baryon number conservation do not occur ? In
particular, CP violation is necessary for baryogenesis. The
phenomenon is observed and can be accounted for in the
Standard Model, but we do not understand it, either.
Why are there so many lepton and quark flavours ? What
is the origin of the bizarre mass pattern of the leptons and
quarks ? The Standard Model becomes much more appealing if it is sent to the hairdresser, asking him or her to chop
off all fields except the quarks and gluons. In the absence
of scalar fields, a Higgs condensate cannot occur, so that
the quarks are then massless: what survives the thorough
cosmetic treatment is QCD with massless quarks.
This is how theories should be: massless QCD does not
contain a single dimensionless parameter to be adjusted
to observation. In principle, the values of all quantities of
physical interest are predicted without the need to tune parameters (the numerical value of the mass of the proton in
kilogram units cannot be calculated, because that number
depends on what is meant by a kilogram, but the mass
spectrum, the width of the resonances, the cross sections,
the form factors,... can be calculated in a parameter free
manner from the mass of the proton, at least in principle).
This theory does explain the occurrence of mesons and
baryons and describes their properties, albeit only approximately – for an accurate representation, the quark masses
cannot be ignored. Compared to this beauty of a theory, the
Standard Model leaves much to be desired ...
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editions of the SPG Mitteilungen An opportunity to look back and forth
Introduction
Bernhard Braunecker, Antoine Pochelon
dition to the existing traditional ones of Kondensierte Materie (KOND), Angewandte Physik und Domänen (ANDO),
Kern-, Teilchen- und Astrophysik (TASK) and Theoretische
Physik (THEO). See the last column of the table.
• And since all issues of the SPG Mitteilungen, starting with
Nr. 20, contain more or less regularly articles of different
series, the 4th column of the table indicates when a series
was started.
• Finally we analyse in a third article our first series ‘Progress
in Physics’ in more detail.

On the following pages we look back to 1997 when No. 1 of
the SPG Mitteilungen was launched. What happened and
what has changed since those early years?
• In a first contribution the seven presidents in charge during this time period tell us what they consider as special
highlights during their presidential years. You can see the
indices of the SPG Mitteilungen during their presidency in
the third column of the table.
• Then in a second part, SPS secretary A. Pochelon will
describe the motivation to create new SPS sections in adYear
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Issue

1997 - 1999 P. Oelhafen

1, 2, 3, 4

1999 - 2002 T. Jung

5, 6, 7, 8, 9

2002 - 2006 J.-P. Ansermet

10, 11, 12, 13, 14, 15,
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Industrial Physics

2006 - 2008 T. Gyalog

18, 19, 20, 21, 22, 23

2008 - 2012 C. Rossel

24, 25, 26, 27, 28, 29, Physics & Society
30, 31, 32, 33, 34, 35, Nobel Prizes
36, 37
History of Physics

2012 - 2014 A. Schopper
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38, 39, 40, 41, 42, 43

Start of Section / Commission
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Milestones in Physics

44, 45, 46, 47, 48, 49, Plenary Talks
50
Physicists in Industry
36

Atomic Physics & Quantum Optics
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"Communications de la SSP" reaching the golden age
Peter Oelhafen, SPS President 1997 - 1999, Thomas A. Jung, SPS President 1999 - 2002
Any society - also the Swiss Physical Society - comprises
a dynamic set of citizens or members who share common
goods, interest or goals irrespective whether it is for leisure,
professional, political or community issues. This provided the
starting ground for the first issue of the SPG Mitteilungen.
Why? The bi-annual society meetings were less and less
populated and the committee was concerned about the difficulty to keep a certain minimal level of scientific discussion.
The Swiss Academy of Natural Sciences strongly motivated
the SPS to continue with their participation at the General
Meeting in Fall. Neither the committee, nor the General Assembly at the spring meeting was representative enough to
be competent about members' positions on the best suited
meeting format and schedule. Too many members had limited contact with the society and remained mostly passive
with respect to the events of the society in those days. So,
in the need to 'touch base' with members it was decided to
issue an inquiry by mailing a questionnaire to all members
in April 1997.

more active part and to the pride of all members about their
joint achievement as a community. The SPS only issues the
Bulletins and next to the conference information and the documents for the Annual General Meeting there is only limited space for society news. In particular, members deserve
to be informed about the outcome of our questionnaire and
the decisions taken by the committee, this is why I started
assembling a new membership journal which I suggest to
call "SPG Mitteilungen - Communications de la SSP".
So we now look back on 49 issues since this phase of 'pregnancy and labor' of the society with their newsletter. The
society since then used its newsletter regularly to inform
members about committee issues and also to inquire with
members in preparation of decisions on one or the other
topic. From the first nine issues which cover the presidencies of us both, such issues involved e.g. the emergence of
the Swiss Light Source, the
+
topical meetings held in conjunction with the Academy, Water in the Universe
e.g. on 'Energy Research',
'Sustainability and Modelling', 'Water in the Universe',
'Physics and Society'. Important issues also involved
the collaboration with the
EPS-CMD18 in Montreux,
the new – and still current
– logo of the SPS, the migration of paper, conference
and member services to the
world wide web as well as a
Société Suisse
Schweizerische Gesellschaft
für Astrophysik und Astronomie d' Astrophysique et d' Astronomie

On a day early in June 1997 I (T. A. Jung) walked into
Peter’s office in Basel and inquired about the outcome of
this questionnaire: "An amazingly large fraction of members
responded and the vast majority (91.3 %) of responding
members support the solution of only one annual meeting
which is what the committee favours and in some contrast to
the desire of the Academy. Also impressive is the number of
constructive comments on possible future formats which we
can use to redesign the meetings". – “You know, Thomas,
EVERY small society or club, irrespective of whether it is
about 'bunny breeding' or sports issues a society newsletter
to inform passive members about the achievements of the

This meeting aims at presenting the most recent observations of cosmic water lines and their
relevance for the origin of terrestrial water. Due to the presence of water vapor in our atmosphere,
observations of water in the Universe are feasible only from space, and have been successfully
carried out only recently. Water seems to be formed in stellar envelopes and stellar winds, in
environments where oxygen abounds. Combined with ubiquitous hydrogen, this becomes a source
of water, resulting in frozen dusty grains of water ice. In the accretion disks of protostars, these ice
grains will then coagulate to larger objects, of the kind we see today in the outer solar system,
such as the icy moons of Jupiter and Saturn, and the Kuiper Belt objects. Cometary impacts on
young Earth are now regarded as a possible origin of terrestrial water.
Speakers
Gisbert Winnewisser (Köln): Overview on water observations, results from SWAS
Göran Olofsson (Stockholm): Odin observations on star forming regions and young stellar
objects
Jean-Marc Petit (Besancon): Orbital properties and primordial evolution of the Kuiper Belt
and water in the inner Solar System
Stephan Graf (Bern):
Deuterium measurements in comets: Does the Terrestrial Water
Originate from Comets ?
Conference time and place:
Friday 19 October 2001, 09:00 h - 13:00 h, Room H07
EIVD (Ecole d'Ingénieurs du Canton de Vaud), Rte de Cheseaux 1, CH-1400 Yverdon

This splinter meeting is held in conjunction with the Annual Meeting of the SANW.
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Short Announcements
EPS-12: Trends in Physics, August 26-30, 2002 at Eötvös Loránd University in Budapest, Hungary
The conference web-site www.eps12.kfki.hu/ will provide all information and is used
also for registration and abstract submission.
Annual Meeting of the SANW, Sept. 18-20, 2002 in Davos.
The SPS has joined the SLF (Inst. für Schnee und Lawinen Forschung, Davos) in organizing workshop 15 prepared by Dr. Jakob Rhyner (SLF) at the SANW annual meeting.
Speakers:
- H. J. Wiesmann, ABB, "Snowflakes"
- F. J. Elmer, Uni Basel, "Instabilities and pattern formation"
Additional information can be found at www.sanw-davos02.ch .
Annual Meeting 02 of the SATW, Sept. 26-27, 2002, ETH Zürich
Meeting Subject: "Microsystems: Design, Evolution, Revolution for chemistry, pharmaceuticals and biotechnology".
Additional information can be found at www.satw.ch .
Annual Meeting of the SPS, March 20-21, 2003, Uni Basel
Detailed information will be released when available.
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APHYS-2003
International Meeting on Applied Physics (APHYS-2003), October 14-18th 2003 in Badajoz
(Spain). All the information regarding this interdisciplinary conference can be found at the
conference website:

General Information
Call for Abstracts
Sessions

www.formatex.org/aphys2003/aphys2003.htm

Registration Forms
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11
News on the World Year of Physics 2005
12
SPS Awards 2004: Extended Deadline for Submission
13
SANW unterstützt Chemie- und Physiklehrer: Patenschaften für Maturaarbeiten gestartet
14
L'ASSN soutient les professeurs de chimie et de physique: Des parrainages pour des ...
15
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The Winners of the SPS Awards 2004
Review on the SPS Annual Meeting 2004 in Neuchâtel
Neue Mitglieder im SPG-Vorstand
Kurzmitteilungen
Patenschaft für Maturaarbeiten / Des Parrainages pour des travaux de maturité
SATW fördert technologische Innovationen mit interdisziplinärem Mitgliedernetzwerk
SATW encourage l'innovation technologique à travers le réseau des membres
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Some of the topics to be covered will be
- Surfaces, Interfaces and Colloids
- Imaging Techniques, Microscopy
- Nano-sciences and Technologies
- Materials Science & Engineering
- Biomedical Engineering and Biomaterials Science&Engineering
- Biophysics, Biological & Medical Physics
- Computational Physics
- Radiation Physics, Radiation Protection

Fountain of Jean Tinguely at Basel's Theater Place

Januar 2005
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Ausschreibung der SPG Preise 2005
11
Annonce des prix de la SSP 2005
12
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ANNUAL MEETING OF THE SPS 2004:
CALL FOR ABSTRACTS:
Deadline January 4, 2004

redesign of the webpages guided by Olivier Martin. Further,
industrial physics got increasing attention, and in particular
the increasing collaboration of the SPS with the International Physics Olympiad and the International Young Physicists' Tournament were also covered. Also the process to
transfer the Helvetica Physica Acta with its dusted fame into
a well-run scientific journal i.e. the Annales Henri Poincaré
operated in collaboration with the Institut Henri Poincaré and
the process to establish the collaboration with the European
Physical Journal was covered in the SPG Mitteilungen.
So quite a number years passed, many committees and
committee members have served and/or started serving the
society, while the "Mitteilungen" played and still play an important role in the evolution of the Swiss Physical Society in
its task to empower and promote Physics to the benefit of
Science and Societies, in and around Switzerland and all
over the globe.

The "ancient presidents" Christophe Rossel and Thomas Jung interviewing Charles Kleiber, the later "Staatsekretär für Bildung und
Forschung".

SPS meetings and the future of physics in Switzerland
Jean-Philippe Ansermet, SPS President 2002 - 2006
I can easily imagine a young and dynamic physicist wondering why to bother with the heavy bureaucracy of a learned
society like the Swiss Physical Society (SPS) or the European Physical Society (EPS). It is easy to see how this
questioning comes about. At an early stage, a physicist
has benefited from the infrastructure of well-run institutions.
Possibly, he/she has been part of a very large organization
like CERN or ESA. These places run on gigantic budgets
and link people for their research activity. There is another
type of organization, the learned societies, which represents
loosely those who willingly register in their ranks. In some

instances, like in France, many learned societies represent
physics, so the full picture is blurred even inside a given
country.
I was fortunate to serve as president of SPS during the
World Year of Physics. This celebration of Einstein found
many learned societies eager to take charge. Einstein’s
celebrity is a special case. Nonetheless, we saw in the
year prior to this event how much learned societies were
prepared to take an active role in promoting physics. One
small anecdote reveals the role of supra-departmental or-
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Oktober 2005

Annual Meeting of the Swiss Physical Society
February 13 - 14, 2006 at EPF Lausanne
The SPS meeting 2006 will be held in the "Centre Est Physique" building at the EPFL. We are glad to be able to return
to this location after 4 years, and thank the responsible persons at EPFL , who kindly support this event.

Generalities
The program will include the following topics:
- traditional sessions ANDO, TASK
- special sessions (see next pages for details)
- award session
- general assembly of the SPS
- vendors exhibition
- conference dinner
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Annual Meeting of the Swiss Physical Society
February 20 - 21, 2007 at Uni Zürich

The Winners of the SPS Awards 2007
Reviews of the Annual Meeting 2007 in Zürich
Notes from the General Assembly 2007
New Series: Progress in Physics - The Pleasures on the Road to a Quantum Computer
Ausschreibung der SPG Preise 2008 - Annonce des prix de la SSP 2008
Jahresrechnung 2006 - Bilan annuel 2006
Vorstand der SPG, Impressum

Award Session and General Assembly of the SPS
As usual there will be chosen three outstanding scientific works for the SPS awards in the fields of General Physics
(sponsored by ABB Research Center), Condensed Matter Physics (sponsored by IBM Zürich Research Laboratory),
and Applied Physics (sponsored by Unaxis), donated each with CHF 5000.- . The award cermony will be held at February 13, 2006.
The general assembly of the SPS will be held also at February 13, 2006, in the afternoon.

Conference Dinner
A big attraction for the audience was the demonstration of a
Tesla transformator in the evening of the SPS / SCNAT meeting.
A large crowd of non-scientists gathered to watch the spectacle.

The conference dinner will be held at the "Ecole hôtelière de Lausanne". A short introduction to the place will be given,
then the short movie "Infra Blues" will be shown, a fiction created by art students at the university of Paris 7, using an
infrared camera. A short after-dinner presentation is also planned.
The price is CHF 50.- per person, including the bus-transfer. Please use the attached form for registration.

Now, if that was not a good reason to come to Lausanne...
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The Irchel Campus of the University of Zürich was hosting our annual meeting 2007.
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seen before at the SPS meetings! More importantly, it has
broken the image according
to which the SPS meeting is
the place where new graduate students can practice the
art of giving a talk.

Programm und Anmeldung
Das detaillierte Programm mit Anmeldeformular
wird im Mai 2005 verschickt.
Eine Anmeldung ist auch online möglich unter
www.einsteinheute.ch
Tagungsgebühren
SPG Jahrestagung: Donnerstag:
CHF 30.- inkl. Kaffeepausen
Registrierung bis 01. Juli 2005: CHF 5.- Rabatt

Die Akademie der Naturwissenschaften Schweiz
ist ein feinmaschiges Netzwerk von über 35’000
NaturwissenschaftlerInnen aller Disziplinen.
Seit 1815 bis heute setzt sie sich für ein besseres
Verständnis der Naturwissenschaften ein.
Der Jahreskongress ist, einer langen Tradition
folgend, die Plattform der NaturwissenschaftlerInnen, um sich interdisziplinär über ein gemeinsames Thema auszutauschen. Zugleich wird auch
versucht, die massgebende Rolle der Naturwissenschaften in der Entwicklung von Lösungen für
gesellschaftliche Fragestellungen aufzuzeigen.

(Eingeladene Sprecher/Preisträger frei).

Jahreskongress SCNAT: Donnerstagabend und
Freitag: keine Tagungsgebühr.
Mittagessen auf der Großen Schanze auf eigene
Kosten.
Hotels
Informationen und Reservationen unter
www.bernetourism.ch oder Info Büro im Bahnhof
Bern, Tel. 031 328 12 12, Fax 031 328 12 77 oder
Hotelline Tel. 031 328 12 10.

Die Akademie
l‘Académie

Organisationskomitee
Comité d'organisation

Allgemeine Informationen
Informations générales

L’Académie suisse des sciences naturelles
est un réseau dense de plus de trente-cinq mille
scientiﬁques de toutes les disciplines.
Elle s’engage depuis 1815 pour mieux faire comprendre les sciences naturelles.
Le Cogrès annuel est, suivant une longue
tradition, la plate-forme des scientiﬁques pour
stimuler l’échange et la discussion interdisciplinaire autour d’un thème. L’objectif est
également de montrer l’important rôle des
sciences naturelles dans le développement de
solutions aux questions de la société.

Prof. Jean-Philippe Ansermet, Präsident
Dr. Tibor Gyalog, Vizepräsident
Prof. Hans Balsiger, Uni Bern
Prof. Gerhard Beutler, Uni Bern
Prof. Peter Bochsler, Uni Bern
Prof. Martin C.E. Huber, Eur.Phys.Soc.
Dr. Rolf Landua, CERN
Christian Preiswerk, SCNAT
Dr. Christophe Rossel, IBM Rüschlikon
Prof. Nicolas Thomas, Uni Bern
Prof. Jean Luc Vuilleumier, Uni Neuchâtel

Programme et inscription
Le programme detaillé ainsi que le formulaire
d'inscription seront envoyés en mai 2005.
L‘inscription est aussi possible en ligne:
www.einsteinheute.ch

Uni Bern

14. & 15.7. 2005
185. Jahreskongress der Akademie der
Naturwissenschaften Schweiz SCNAT
185ème Congrès annuel de l‘Académie
suisse des sciences naturelles SCNAT

einstein
aujourd’hui

Frais d'inscription
Réunion annuelle SSP: Jeudi:
CHF 30.- pauses café incl.
Enregistrement avant le 1er juillet 2005: CHF 5.de réduction (speakers invités et lauréats gratuits).
Congrès annuel SCNAT: jeudi soir et vendredi:
sans frais d’inscription.
Déjeuner à la Grosse Schanze aux frais des
participants.

Swiss Physics must remain
united. The annual SPS
meeting is a collegial gathering where we get to know
The invitation flyer for the "big event" in 2005.
who’s new "on the block" (i.e.
Switzerland) and where we
ganizations: a group of high
school enthusiasts from Chi- find out if new trends develop among us. SPS keeps rena made their way to Bern vising their special interest groups. During my time, SPS
on this occasion. They were created a group on science and industry. The SPS board
happy to meet the presidents encouraged the promotion of non-linear phenomena and of
of ESA, EPS and SPS. They biophysics.
were high school students;
they could have been heads SPS annual meetings must be understood as the ideal
of states. Who should they place where we can establish science policies for Switzermeet if not elected repre- land. Colleagues who want to reinforce the image of their
field or promote a new one can invite participation to special
sentatives of our trade?
sessions. SPS will help them organize the event and keep
J-P. Ansermet and Martin Huber, former EPS President
During the time I served, the a record of it. Opinion-building platforms such as these are
annual meetings changed in hard to put in place and should be considered seriously by
size and significance, thanks to the decision that the Nation- all physicists working in Switzerland.
al Centers of Competence in Research (NCCR) would hold
their annual meetings at the SPS meetings every other year, Yes! SPS needs young and dynamic physicists that are prestarting 2004 in Neuchâtel. This has generated crowds un- pared to rock the boat in order to keep it afloat!
Kontakt:
Swiss Physical Society SPS
Tibor Gyalog
Klingelberstrasse 82, CH-4056 Basel
Tel. 0041 61 267 14 72, info@einsteinheute.ch

Kontakt:
Akademie der Naturwissenschaften Schweiz
Christian Preiswerk
Schwarztorstr. 9, 3007 Bern
Tel. 031 310 40 22, Fax 031 310 40 29
preiswerk@scnat.ch

Hotels
Renseignements et réservations sous
www.bernetourism.ch ou auprès du bureau
d’Infos de la gare de Berne, Tel. 031 328 12 12,
Fax 031 328 12 77 ou Hotelline, Tel. 031 328 12 10.

www.einsteinheute.ch

Gestaltung: Chantal Ducommun & Andreas Hidber, La Red – Netzwerk für Gestaltung Basel

Between two Centenaries
Tibor Gyalog, SPS president 2006 -2008
The World Year of Physics 2005 was a successful and interesting year for our society and when we looked back in
2006, EPS president Ove Poulsen reminded us that "We
have to preserve momentum."

activities that would attract the attention of the public and
the media for Physics and for our society. Another primary
goal of this very active committee was the restructuring of
the society’s journal, the SPG Mitteilungen.

SPS Board
This message stimulated the SPS board, which in 2006 was
composed of Laurent Sansonnens, Jérôme Faist, Frédéric
Mila, Christophe Rossel, Klaus Kirch, Ernst Ramseier, Pierangelo Gröning and Bernhard Braunecker. We looked for

The chronic of the foundation of the SPS
Another goal of the board activities was to be aware of our
roots. We were facing the upcoming Centenary of our society in 2008, and at that time, our archive was rather unorganized (single documents stowed away in dusty boxes at
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INHALT - CONTENU - CONTENTS
Annual Meeting 2007 in Genève
General information, Call for Abstracts, Fees and Registration, Topical Sessions
Neuer Internet-Auftritt der SPG - Nouvelle présentation du site Internet de la SSP
Series: Progress in Physics (2) - Discovery of the first exoplanet in the habitable zone
Starke Leistung mit schwacher Kraft: C. N. Yang wird 85
Pre-Announcement: 100th Anniversary of the SPS 2008
Vorstand der SPG, Impressum
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Notes from the President
Reviews of the SPS Centennial Celebration
Series: Progress in Physics (7): Time, Frequency and Atomic Clocks
Series: Progress in Physics (8):
The physics of turbulent structures and blobs in magnetically confined plasmas
Serie: Physik Anekdoten (2): Euler und das Fiasko von Sanssouci
Festschrift "Die Gründung der Schweizerischen Physikalischen Gesellschaft"
Vorstand der SPG, Impressum

Oktober 2008
INHALT - CONTENU - CONTENTS

INHALT - CONTENU - CONTENTS

INHALT - CONTENU - CONTENTS
A Centenary of Physics: The SPS celebrates its 100th Birthday
The Winners of the SPS Awards 2008
Review of the Annual Meeting 2008 in Genève
Notes from the General Assembly
Neue Serie: Physik Anekdoten (1): Neu entdeckte Wild-Einstein Relation
Series: Progress in Physics (5): Electronic Structure of Quasicrystals
Series: Progress in Physics (6): Science Opportunities at the Proposed PSI-XFEL
Buchangebot: Myonen und Pionen in Teilchenphysik und Anwendungen
Vorstand der SPG, Impressum
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12
15
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Mitteilung des Präsidenten
Ausschreibung der SPG Preise 2009
Annonce des Prix SSP 2009
Mitgliedschaft auf Lebenszeit: Einfach und günstig Membre de la SSP à vie: simple et avantageux
Der zwanzigste Geburtstag des Paul Scherrer Instituts
Uninacht Basel 2008 - A Night of Science and Adventure
Series: Progress in Physics (9): Looking for new phases of matter in frustrated magnets
Series: Progress in Physics (10): Magnetically driven Multiferroics
Serie: Physik Anekdoten (3): Charles Eugène Guye et la relativité
Die totale Sonnenfinsternis vom 01. August 2008 in der Mongolei
Festschrift "Die Gründung der Schweizerischen Physikalischen Gesellschaft"
Vorstand der SPG, Impressum

2
3
4
5
6
8
10
12
14
18
19
20

The jubilee-logo will be used throughout the year on the web, printed matters and most of our correspondence.

Joint Annual Meeting of SPS and ÖPG, Innsbruck 2009
INHALT - CONTENU - CONTENTS
100th Anniversary of the Swiss Physical Society
Series: Progress in Physics (3): Optical Terminals for Data Communication in Space
Series: Progress in Physics (4): Mirror Matter - Experimental Search for Neutron to
Mirror Neutron Oscillations
European Physical Society (EPS) Plasma Physics Division Ph.D. Award
Vorstand der SPG, Impressum
Uni Mail, the location of our next annual meeting in Genève

2
3
6
7
8

The parc of the "Musée d'Histoire des Sciences", where the participants enjoyed an excellent guided tour and an
apéro before the traditional conference dinner, offered a nice view on the lake and the Alps.
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From left to right: Christophe Rossel (SPS President), K. Alex Müller, Peter Grünberg, Gerardus 't Hooft, Theodor W. Hänsch (Nobel Laureates), Mauro Dell'Ambrogio (Secretary of State),
Tibor Gyalog, (SPS Vice President), Johannes G. Bednorz (Nobel Laureate)

The next annual meeting will be organized together with the Austrian Physical Society (ÖPG). It will
take place on September 2 - 4 , 2009 at the Technical University of Innsbruck.
An interesting program with plenary, invited and contributed talks, as well as posters will be organized and combined with a scientific exhibition and cultural events. In addition to the joint awards
ceremony, each society will hold its own general assembly.
If you have any suggestions for topics and invited speakers, or even are willing to organize one of
the sessions, please let us know.
A detailed announcement will be published in the next issue of the SPS Communications, early
2009.

SPG Mitteilungen Nr. 50

Alessandra Hool, Gerd Graßhoff
Die Gründung der SPG

different locations). We mandated therefore the science
H
A
historian Alessandra Hool to
G
G
consolidate the documents
and conduct a professional
Die Gründung der Schweizerischen
Physikalischen Gesellschaft
review of the history of the
SPS. The results of her reFestschrift zum
hundertjährigen Bestehen
search were published as a
Master Thesis at the University of Bern in 2008, in time
to be presented at the ceremonial act (see below). This
research was also driven by
the motivation to increase
visibility of our society. The chronic outlined important facts
and figures of our society and illustrated special members,
events and anecdotes. Albert Einstein, Peter Debye, Paul
Scherrer and Wolfgang Pauli are some of the famous physicists who were members of our society.
ool
lessandra
raßhoff
erd

Five Nobel Laureates and the Swiss Secretary of State at the ceremonial act for the Centennial of the SPS in Bern 2008 {from left to
right): Christophe Rossel (SPS President), Karl Alex Müller, Peter
Grünberg, Gerard t’Hooft, Theodor Hänsch, Mauro Dell' Ambrogio
(SERI), Tibor Gyalog (SPS-Vice-President) and J. Georg Bednorz.

Bern Studies in the
History and Philosophy
of Science

The Centennial of the SPS
During the late afternoon of
27 June 2008, the SPS celebrated its 100th anniversary
with a ceremonial act and
a physics fair in the KulturCasino Bern. About 300 attendees joined the festivities.
Among them were Mauro
Dell' Ambrogio, head of the
State Secretariat for Education, Research and Innovation SERI, who conveyed the
Federal Council's greetings
as well as six Nobel laure-

100 years

ates in physics: Heinrich Rohrer, Karl Alex Müller, J. Georg
Bednorz, Theodor Hänsch, Peter Grünberg and Gerard
t’Hooft. Furthermore, we appreciated the presence of past
presidents of the SPS as well as the presidents of our partner societies in Switzerland and in Europe. Since the annual
Lindau Nobel Laureate meeting started just the day after
our event, a fleet of 'noble' limousines was organized by the
very cooperative Lindau committee president Dr. Schürer to
transfer the laureates just in time from Bern to their meeting.

2008

«Succeed in Science»
27. Juni / 27 juin 2008 16.45h
Kultur-Casino Bern

SPG Mitteilungen
With issue 18, the SPG Mitteilungen started to convey a
message rather than just present a collection of separate
reports. The editorial, dedicated to the SPS Annual Meeting, titled: "New concepts attracting new members". A year
later, with edition 20, we started the successful series on
"Progress in Physics", and in edition 21 we announced the
new SPS website with improved functionality for conference
registration, and a complete archive of all SPG Mitteilungen
since 1999. They were easily accessible also to non-members, again in order to increase the visibility of our society.
The response to our "face lifting" was encouragingly positive
and therefore the layout of the SPG Mitteilungen has also
been improved step by step. To announce the Centenary of
the foundation of our society in 2008, we created a special
jubilee logo in issue 22. In no. 23, the last one during my
presidency, we started the new series "Physics Anecdotes".

100 Jahre SPG:
Festakt & Feier der Physik
Centenaire de la SSP:
Cérémonie & Fête de la physique

www.sps.ch
1
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Joint Annual Meeting SPS - ÖPG - ÖGAA 2009 in Innsbruck
2
Serie: Physik Anekdoten (4): 50th anniversary of Wolfgang Pauli’s death, 15th December 2008 5
Series: Progress in Physics (11): Terahertz Polaritonics
7
Series: Progress in Physics (12): Molecular Junctions based on Aromatic Coupling
10
The Herschel Space Observatory
13
Physik, Gesellschaft und Nachwuchsförderung
16
Book Review: Euler as Physicist
19
Vorstand der SPG, Impressum
20

NR. 27

NR. 28

Mai 2009

Juli 2009

2
2
4
6
9
13
17
17
18
20

Jahrestagung 2009 Innsbruck: Spezielle Informationen für SPG Mitglieder
Switzerland and Space Sciences: an over 40 years old success story
The Large Hadron Collider at CERN: Entering a new Era in Particle Physics
Series: Progress in Physics (15): What we learned about the Proton from HERA
Serie: Physik Anekdoten (6):
Victor Franz Hess, Entdecker der kosmischen Strahlung
Albert Gockel und die kosmische Strahlung
Physik des Fahradfahrens
Vorstand der SPG, Impressum
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14
17
22

Joint Annual Meeting of the

AustriAn society of Astronomy And AstroPhysics
September 2 - 4, 2009
University of Innsbruck

Annual Meeting of the

27
29
32
36

SwiSS PhySical Society
The Joint Annual Meeting 2009 of SPS, ÖPG and ÖGAA was a big success !
Some pictures from three plenary talks: Prof. Tim de Zeeuw (ESO Garching) talked about ground based telescopes and their counterparts in space *, Prof. Denis Weaire (Trinity College Dublin) contributed with "Reflections on a bubble: Physics, history and art",
Prof. Sonia Seneviratne (ETH Zürich) referred on climate changes *.

Digitalisierung der "Helvetica Physica Acta"

AustriAn PhysicAl society
swiss PhysicAl society
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Die SPG unterstützt die Schweizer Physik-Olympiade
Schweizer Physik-Olympiade: Helle Köpfe beherrschen das Licht
Olympiades de Physique: Lumière sur des esprits éclairés
Series: Progress in Physics (13): Wave-particle duality of light for the classroom
Series: Progress in Physics (14):
Mapping the Electronic Surface Potential of Nanostructured Surfaces
Serie: Physik Anekdoten (5): Jost Bürgi erfand nicht nur die Sekunde
Physics, Society and the Promotion of Young Physicists
The Water Mill Model
Modern Physics at the Liceo di Locarno
Vorstand der SPG, Impressum
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( * These presentations are available on www.sps.ch .)

Joint Annual Meeting of
ÖPG, SPS and ÖGAA

Seit längerer Zeit besteht von diversen Seiten der Wunsch, die renommierte Zeitschrift "Helvetica Physica Acta" (HPA), welche der
SPG gehört und von 1928-1999 erschienen ist, in elektronischer
Form verfügbar zu machen. Diesem Wunsch kann nun endlich entsprochen werden.

Changes in interannual variability of summer temperature

call for abStractS:
SubmiSSion DeaDline march 15, 2010

September 2 - 4, 2009, Innsbruck
The organising committee built an interesting program, which will connect the the scientific communities in Austria and Switzerland even more and will
strengthen the networks in all fields of physics and
astronomy !
Don't miss this important meeting !

In Zusammenarbeit mit der ETH Zürich und dem Konsortium der
Schweizer Hochschulbibliotheken wird ein Digitalisierungsprojekt
gestartet, welches alle Jahrgänge der HPA umfasst und diese online zur Verfügung stellt. Dabei wird sowohl eine Volltextsuche in
den Artikeln als auch das Blättern in den Jahrgängen der Zeitschrift
möglich sein. Besonders erwähnenswert ist, daß der Zugriff auf die
HPA für die Benutzer kostenlos sein wird.
Sobald das Online-Angebot verfügbar ist, werden wir Sie ausführlich informieren.

Detailed information on page 3

Registration Deadline: August 1st, 2009
oepg2009.uibk.ac.at or www.sps.ch
(Seneviratne et al. 2006 Nature)
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June 21 - 22, 2010
University of Basel

Read the full conference review on page 7.
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Many news and improvements in four fruitful years
Christophe Rossel, SPS President 2008-2012
to the participation of the CCMX (Material Science and
Technology) and the Division of Polymers and Colloids of
the Swiss Chemical Society. After an interlude of five years,
the general assembly accepted the nomination of five new
honorary members, namely Hans Beck (Uni NE), Øystein
Fischer (Uni GE), Hans-Joachim Güntherodt (Uni BS), T.
Maurice Rice (ETHZ) and Louis Schlapbach (EMPA).
At that time the success of the EPS History of Physics
Group headed by Peter Schuster in Pöllau (Austria) gave us
the idea to create a new SPS section on History of Physics
(HoP) and to contact Jan Lacki (Uni GE) who is heading the
section until today.

My election had been confirmed during the General Assembly at the annual meeting held in Geneva on 26‐27 March
2008. This meeting saw the 3rd continuation of the fruitful
collaboration with the three NCCRs MaNEP, Nano and
Quantum Photonics, thus shifting the participation again
above a critical value. In addition to the traditional sessions
on Astro‐ Particle and Nuclear Physics (TASK), Condensed
Matter Physics (KOND) and Applied Physics (ANDO), sessions on the physics of atoms and lasers, on plasma physics, on multiferroics were organized, and, after a few years
without topics in theoretical physics, we had a successful
session in this field.
We also decided to repeat an "ancient" experiment by organizing our annual meeting jointly with the Austrian Physical Society (ÖPG). It took place in early September 2009
at the University of Innsbruck and has since been repeated
every second year.
A recurrent problem had been for years the stagnating
membership and the different options to increase it. Two actions were engaged. On one side the visibility increase of
the SPS among physics students and young researchers
continuing on the interaction with teachers via VSMP, the
Swiss Mathematics and Physics Teachers Association, and
with professors at universities as well as researchers in the
industry. The second action was to increase the number of
sections in order to include new fields of physics. In November 2008 the executive committee decided to create
two new sections: one on Atomic Physics and Quantum
Optics under the impulsion of Antoine Weiss, Uni Fribourg,
who became first chair, the other one on Education and Promotion of Physics under the leadership of Tibor Gyalog. At
that time I attended as president the 4th Swiss Olympiads
Day in Bern. In agreement with Claudia Appenzeller, head
of the Verband Schweizer Wissenschafts‐Olympiaden, we
decided that SPS would sponsor the Swiss Physics Olympiads and created two new SPS Prizes (2 x 500.‐ CHF) for
the best finalists of the Swiss selection.
A successful project, started in 2009, was the creation of the
SPS Young Physicists' Forum, an idea proposed by Klaus
Kirch (ETHZ & PSI) aimed in attracting younger members.
Another new initiative was the joint membership agreement
with the Physikalische Gesellschaft Zürich (PGZ).

Antoine Pochelon became our new long time secretary in
replacement of Bernhard Braunecker, who took over the
challenging job of scientific editor of our SPG Mitteilungen.
Another impulse under my presidency was to increase the
number of collective members, called now associate members. Most of the university physics departments joined
(Basel, Geneva, Zürich, ETHZ, Laboratoire de Physique
des Hautes Energies (LPHE) at
Die Wissensexplosion
EPFL) as well as seven student
Chancen und Risiken
associations, the first three being the Verein der Mathematikund Physikstudierenden (VMP)
der ETHZ, the Association des
Etudiant(e)s en Physique de
l’Université de Genève (AEP),
and the Fachverein Physik der
Universität Zürich (FPU). Worth
mentioning in that year is the
nice symposium organized by
the SPS and PGZ on 2 October
2010 at the University of Zürich
entitled "Die Wissenexplosion:
Chancen und Risiken - Wissenschaftskommunikation im Zeitalter elektronischer Medien". In
addition a celebration of the 50
years of the laser was organized by Antoine Weis and his
university colleagues in Bern
(June 2010) and Fribourg (Nov.
2010) under the title "50 Jahre
Laser, der Tanz der Photonen".
Uni Bern / 10-11-12 Juni 2010
Wissenschaftskommunikation im
Zeitalter elektronischer Medien

Symposium am 2. Oktober 2010
Universität Zürich Zentrum
Rämistrasse 71, Zürich

09:00 bis 13:00
Hörsaal KOL-F-118
Eintritt frei

Referate:

Jürgen Galler
Director Product Management EMEA, Google
Ursula Renold
Direktorin Bundesamt für Berufsbildung und Technologie, BBT
Christian Speicher Redaktionsleiter Wissenschaft, NZZ
Heinz Bonfadelli
Professor für Kommunikationswissenschaften, Universität Zürich

Anschliessend
Podiumsdiskussion unter der Leitung von Nicole Ulrich, Moderatorin "Einstein", SF DRS

Was ist das Chancenpotential neuer Kommunikationsmittel für die Wissenschaft?
Mobile Kommunikation sowie neue Plattformen und Medien verändern den
Informationsfluss in Wissenschaft und Gesellschaft. Was sind die Risiken dabei? Und
wie beeinflussen diese neuen Kommunikationsmedien die Wahrnehmung der
Naturwissenschaften und der Technik in der Öffentlichkeit?

organisiert durch

www.sps.ch

www.pgz.ch

E I N E Ö F F E N T L I C H E V E R A N S TA LT U N G R U N D
UM DEN LASER UND DIE LASERSTRAHLUNG

Die Universitäten Bern und Freiburg präsentieren
Demonstrationsstände und öffentliche Vorträge
Donnerstag, 10. Juni

17 – 20 Uhr Rundgang mit zweisprachigen Demonstrationsständen rund um das Thema Laser
und die Geschichte des Lasers

20 – 21 Uhr History and Fundamentals of the Laser

Vortrag / English

Prof. Marlan O. Scully, Texas A&M University, USA

Freitag, 11. Juni

17 – 20 Uhr Rundgang mit zweisprachigen Demonstrationsständen rund um das Thema Laser
und die Geschichte des Lasers

20 – 21 Uhr Laser-Anwendungen in Biologie, Medizin und Astronomie

Vortrag / Deutsch

Prof. Wolfgang Demtröder, Technische Universität Kaiserslautern, D

Samstag, 12. Juni

In June 2010 the annual meeting took place for 2 days at the
University of Basel with over 500 participants. Its success
could again be attributed to the large presence of members
of the three NCCRs MaNEP, Nano, and QP but also thanks
Nr. 31
Mai 2010

und die Geschichte des Lasers
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550 Jahre
Universität Basel

Ganz rechts: Festliche Beflaggung auf der
Mittleren Brücke.

Vortrag / Deutsch

Prof. Ursula Keller, ETH Zürich

Aktivitäten für Kinder und Jugendliche
Laserhindernislauf «Mission Impossible»

Gebäude ExWi, Institut für Angewandte Physik
Sidlerstrasse 5, Bern
(direkt oberhalb des Bahnhofs)

www.lightandmatter.ch
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Joint Annual Meeting of the
Adapted from D. Pires, J. L. Hedrick, A. De Silva, J. Frommer, B. Gotsmann,
H. Wolf, M. Despont, U. Duerig and A. W. Knoll, Science, 328, 732 (2010).

swiss PhysiCal soCiety
austrian PhysiCal soCiety

4

with

June 15 - 17, 2011, EPF Lausanne

1
2

swiss anD austrian soCieties for astronomy anD astroPhysiCs
3

An overview of the LHC layout, showing the location of the four experiments
ATLAS (1), ALICE (2), CMS (3) and LHC-b (4).

Oben: Die alte Universität am Rheinsprung.
Rechts: Zum Jubiläum ist am 4. März 2010
diese Sondermarke der Schweizerischen Post
erschienen.

Vortrag / Français - Deutsch

Profs. Antoine Weis, Thomas Feurer, Martin Frenz, Universitäten Freiburg und Bern

14 – 15 Uhr Ultrakurze Lichtblitze: Wie und wofür?

Nr. 32
September 2010
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COMMUNICATIONS DE LA SSP
Es ist der SPG eine Ehre, ihre diesjährige
Jahrestagung an der Universität Basel
abzuhalten, die ihr 550-jähriges Jubiläum
feiert und somit die älteste Schweizer Universität ist.
Lesen Sie dazu auch den Bericht zur Geschichte des Departements Physik in Basel
auf S. 28.

9 – 16 Uhr Rundgang mit zweisprachigen Demonstrationsständen rund um das Thema Laser

10 – 11 Uhr Der Tanz der Photonen: Wie funktioniert ein Laser?

An artistic view of a proton-proton collision event
with two jets, two muons (orange) and two electrons (yellow).
Pictures © CERN

Read "First Results from the Large Hadron Collider" on page 34.

The superconducting levitation train of the Physics Institute, Uni Zürich,
displayed for the celebration of "100 years superconductivity", was a big
attraction at our joint annual meeting in Lausanne.

In the plenary talk "Simulating the Universe" of B. Moore the distribution of dark matter predicted to surround our Galaxy was visualized.
The image is about a million light years in diameter and the brightness of the colour coding is proportional to the density of dark matter: about one hundred thousand substructures of dark matter are
seen, where our Galaxy lies near to center of the picture. This supercomputer calculation traced several billion particles as they evolved
in time from the big bang to today.
© Ben Moore, Joachim Stadel and Doug Potter, Institute for Theoretical Physics, University of Zürich.

Joint Annual Meeting of the

Switzerland is famous for its mountains and its many gold medals in skijumping. Please find on page 14, how the Matterhorn can be shrinked down to the nano-scale size, and on page 21 an article about the construction layout of the giant
ski-jumps, based on FIS technical standards.

SwiSS PhySical Society
auStrian PhySical Society

The beautiful lunar eclipse on June 15th was a good omen for our meeting.
(Photo: Antoine Weis)

with

Jahrestagung der SPG in Basel, 21.-22. Juni 2010
Réunion annuelle de la SSP à Bâle, 21-22 juin 2010
Allgemeine Tagungsinformationen ab Seite 15
Informations générales sur la réunion: page 15
Vorläufige Programmübersicht ab Seite 18
Résumé préliminaire du programme: page 18

SwiSS and auStrian SocietieS for aStronomy and aStroPhySicS

Die SPG hat fünf neue Ehrenmitglieder !
Am 22. Juni 2010 wurden Hans Beck, Hans-Joachim
Güntherodt, Louis Schlapbach, Øystein Fischer (v. l. n. r.)
und T. Maurice Rice feierlich zu Ehrenmitgliedern ernannt.
(Die Laudationes finden Sie in den SPG-Mitteilungen
Nr. 31, S. 10).

Call for abstraCts:
submission DeaDline marCh 15, 2011
Detailed information on page 3
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June 15 - 17, 2011, EPF Lausanne
General information: page 12, preliminary program: page 16

Neue Ehrenmitglieder
Im Rahmen der diesjährigen Preisverleihung wurden vier neue
Ehrenmitglieder ernannt: Jean-Pierre Eckmann, Martin Huber,
Jürg Fröhlich und J. Georg Bednorz (v. l. n. r). Die Laudationes
finden Sie in den SPG Mitteilungen Nr. 34, S.10.
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(a) SF+

The location of this year's annual meeting on the
Hönggerberg Campus.
Picture © Ralph Bensberg/ETH Zürich

Joint Annual Meeting of the

Im vergangenen Herbst erhielt Martin
Gutzwiller den Doktor honoris causa der
Universität Freiburg; ein willkommener Anlass für die SPG, die wissenschaftlichen
Verdienste dieses grossen Schweizer Physikers zu würdigen. Ab S. 34 berichten wir
über Gutzwillers grundlegende Arbeiten
auf den Gebieten des Quantenchaos und
der korrelierten Elektronen.

Austrian Physical Society
Swiss Physical Society

Image Credit: Herta Hurnaus

June 21 - 22, 2012 , ETH Zürich
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Gebhard F. X. Schertler (ETH Zürich & PSI) will explain in a public tutorial
about "Ultrafast Biology" (organised by NCCR MUST and ETH FAST), how
experiments at the SwissFEL will help to better understand biological processes.

Annual Meeting of the
SwiSS PhySical Society

4

3

September 3 - 6, 2013, JKU Linz

(c) SF-

1

2

with
Austrian and Swiss Societies for
Astronomy and Astrophysics

Public lectures

Nobel laureate Samuel C. C. Ting (CERN & MIT) will talk about space-borne
detectors for cosmic rays, a key technology worth mentioning at the centennial of the discovery of cosmic rays.

(b) SF

1

and

The program of this year's annual meeting includes two public highlights:

Call for abstraCts:
submission DeaDline marCh 15, 2012
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The interesting relation between Albert
Einstein and Georges Lemaître, two pioneers of modern cosmology, is adressed in
the article "From Static to Expanding Models of the Universe" on page 43.

Annual Meeting of the
swiss PhysiCal soCiety

June 21 - 22, 2012 , ETH Zürich
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What have snowflakes to do with a
hot plasma ? Find out on p. 36.
The scientific community celebrates this year the Four years after its launch the Hercentennary of the Atomic Model of Niels Bohr. schel space observatory completed
Read more (on p. 52) about the history of this out- its observations about how stars and
standing event in physics, which is also the topic galaxies are formed. The successful
of the SCNAT Annual Congress (see p. 60).
mission is described on p. 42.

Joint Annual Meeting of the

Event displays of a Higgs boson candidate decaying into 2e2μ with a total mass of 124.3 GeV. The masses of the
lepton pairs are 76.8 GeV and 45.7 GeV. ATLAS experiment © 2012 CERN
Image © Stadt Linz

Nobel Laureate Samuel C. C. Ting presenting
the spaceborne Alpha Magnetic Spectrometer (AMS) at the SPS annual meeting

Call for Abstracts: Submission Deadline May 13, 2013
More information on page 3

Picture left: © ETHZ / Heidi Hostettler; middle: courtesy of S. Ting

The	
  Alpha	
  Magne,c	
  Spectrometer	
  (AMS)	
  Experiment

The 2012 Nobel prize laureates in
Physics (p. 17) David Wineland and
Serge Haroche. Professor Haroche
will give a public lecture at our joint
annual meeting in Linz (p. 3).

General information: page 11, preliminary program: page 15
AMS-02 inside the ESTEC Test Centre's Maxwell
electromagnetic radiation chamber for electromagnetic compatibility and interference testing in February 2010. © ESA

Detailed information on page 3

The Young Physicists' Forum gained also momentum thanks
to the support of the VMP at the ETHZ. A visit sponsored by
SPS took place at the Centre de Recherches en Physique
des Plasmas (CRPP) of the EPFL in Nov. 2010, followed
by a visit of the ABB Laboratory in Dättwil and of the IBM
Laboratory in Rüschlikon in Spring 2011.

Gerald S. Guralnik is one of the pioneers of the theoretical framework for
particle physics which was recently
verified by the discovery of the longsought "Higgs"-boson. Read more on
p. 14.

Austrian Physical Society and Swiss Physical Society
with

Austrian and Swiss Societies for Astronomy and Astrophysics

September 3 - 6, 2013, JKU Linz
General information: page 10, preliminary program: page 12

J. G. Bednorz and a special exhibition. With the success
of the session on geophysics, it was proposed to create a
new section named Earth, Atmosphere and Environmental
Physics, which brings to a total of four new sections initiated
under my presidency. In 2011, SPS endorsed also the new
membership of CHIPP, the Swiss Institute of Particle Physics, presided by Martin Pohl, within SCNAT, trusting that this
sister organization would strengthen science in general and
physics in particular in association with the SPS.
In our collaboration with the PGZ, a joint Symposium on
“Careers for Physicists” was organized on the 25 October
2011 with the participation of student associations such as
the VMP (ETHZ), FPU (Uni. Zürich) and FG14 (Uni. Basel).
During all these years the SPS was actively represented via
its president or other members in different EPS groups and
commissions, in particular the editorial board of Europhysics News, Europhysics Letters, the Forum Physics and Society, the Technology group and the Energy group.
My presidency ended at the annual meeting organized
in June 2012 at the ETHZ with the four NCCRs MaNEP,
MUST, Nano and QSIT as well as with the Swiss Society for
Crystallography. At the general assembly Andreas Schopper took over the presidency.

The annual meeting organized at the EPFL in Lausanne
on 15-17 June 2011, jointly with the Austrian Physical Society ÖPG, and both national societies of Astronomy and
Astrophysics (SSAA and ÖGAA) was very well attended
with about 650 participants and the commercial exhibition
reached a record number of 22 company booths. It was also
the opportunity to celebrate the centennial of the discovery
of superconductivity with dedicated talks, a lively round table in presence of the two Nobel Laureates K. A. Müller and

These four years at the head of SPS were a fantastic human
and professional experience. I would like to acknowledge
the excellent collaborative work with all my colleagues and
friends of the committee, who contributed to the further development of our Society. I am also grateful to IBM for its
continuous support and the freedom of action.

The “SPG Mitteilungen” in the years 2012 to 2014
Andreas Schopper, SPS President 2012 - 2014
It has been a privilege to preside the Swiss Physical Society
in the years 2012 to 2014 during a period in which many
exciting new physics results have been announced, published and rewarded in a wide range of physics topics. It is
thanks to the high standard of the SPG Mitteilungen, which
has evolved over the last almost 20 years, that the members
of our society are regularly informed about hot topics by experts in the field who give us an understanding of complex
physics results from highly specialized domains.
Let me first of all take an example from particle physics,
my own field of activity, to demonstrate how well the Mit-
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teilungen have followed an exciting story over the two years
of my presidency, the one of the discovery of the Higgs boson. The Mitteilungen reported in an article in "Progress in
Physics" about the announcement of a five sigma detection of a Brout Englert Higgs (BEH) boson like particle by
the general purpose LHC experiments in a special seminar
at CERN on 4 July 2012. This was followed by an article
in "Milestones of Physics" written by Gerald Guralnik, who
gave a very personal insight on how the "Heretical Ideas
that Provided the Cornerstones for the Standard Model of
Particle Physics" had evolved in the 60ties. Subsequently
to the BEH boson discovery, the Nobel Prize in Physics was

Communications de la SSP No. 50

Nr. 41
November 2013

Nr. 42
Januar 2014

SPG MITTEILUNGEN
COMMUNICATIONS DE LA SSP

SPG MITTEILUNGEN
COMMUNICATIONS DE LA SSP

Johannes Kepler appears twice in this issue: as person after whom
the university in Linz was named, where our joint SPS/ÖPG meeting took place (p. 5), and as scientific partner of Jost Bürgi, see our
book review on page 33.

SPG MITTEILUNGEN
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General information: p. 12, preliminary program: p. 15

Photo: © Volker Graff

Call for Abstracts: Submission Deadline March 15, 2014

The public lecture "The Higgs Boson and our
Life" at the SPS annual meeting in Fribourg
was given by Fabiola Giannotti, CERN. See
p. 10 for a review.

Politics meets Science: Ambassador Alexandre Fasel and CERN Director General Rolf
Heuer "competed" to generate some Higgs
particles in the interactive LHC tunnel, a well
frequented attraction at the annual meeting
in Fribourg. It was part of the events commemorating the 60th anniversary of CERN.

More information on page 3

The ESO VLT array on Paranal Mountain in Chile performs highresolution stellar optical interferometry. (see p. 19).
© Photo: ESO

The neutrino telescope IceCube has recently found spectacular results
(p. 9) .The picture shows an artistic rendering of IceCube DOMs.
(Credit: Jamie Yang. IceCube Collaboration)

Einen Bericht über die Forschungsstation auf dem Jungfraujoch und
ihre langjährigen Untersuchungen atmosphärischer Phänomene finden Sie auf S. 47.

The PSI celebrated this year the 40th anniversary of its proton accelerator. Read more on p. 32
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Stamp please

OSIRIS wide-angle camera image acquired on 22 November 2014
from a distance of 30 km from Comet 67P/Churyumov-Gerasimenko.
The image resolution is 2.8 m/pixel. The nucleus is deliberately overexposed in order to reveal the faint jets of activity. See p. 11 for the article.

Joint Annual Meeting of the
SwiSS PhySical Society
auStrian PhySical Society

SwiSS and auStrian SocietieS for aStroPhySicS and aStronomy

1 - 4 September 2015 · TU Wien

Call for Abstracts: Submission Deadline 15 May 2015
More information on page 4

ture by Fabiola Gianotti (now Director General of CERN) on
"The Higgs boson and our life" and a large panel discussion
with eminent guests from the field of academy and diplomacy discussing about the political and societal implications
of fundamental research.

awarded to F. Englert and P. W. Higgs, which triggered a
very comprehensive news article in the Mitteilungen with a
concise roundup of the BEH mechanism, the boson hunting
and its discovery.
The SPG Mitteilungen also report
regularly about major events that
are organized by our society. Dur60 y
S
P
ing my term the 2014 annual SPS
meeting in Fribourg was certainly
one of these major events. To me
it was a very special event since
it was celebrating the 60 years of
CERN in Switzerland and was the
first such meeting organized in
Annual Meeting of the
collaboration with the Swiss InstiSwiSS PhySical Society
tute of Particle Physics, CHIPP.
30 June - 2 July 2014 · Uni Fribourg
Many news, reviews and articles
in the Mitteilungen reflected on the large resonance to this
meeting, which had a scope extending from plenary talks
and specialized sessions to an evening outreach public leccience for

Eröffnungsfeier des IYL 2015 in der Unesco-Zentrale in Paris (S. 8)

Credits: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

From left to right: Marco Peruzzi (CHIPP
Prize), Simon Gerber, Qianli Chen (both
SGN Young Scientist Prize), Jean Fompeyrine as representative of Stefan Abel (SPS
Award by OC Oerlikon), Giorgio Signorello
(SPS Award by METAS), Florian Koch (IYPT
2013), Philip Moll (SPS Award by ABB), Eric
Schertenleib, Laura Guerrini, Patrick Meister
(all IYPT 2013) and Andreas Kuhlmann
(SPS Award by IBM).

earS of
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Annual Meeting of the
SwiSS PhySical Society
30 June - 2 July 2014 · Uni Fribourg

A large group of winners made this year's
Award Ceremony extraordinary. Read p. 3
for the winners of the SPS awards, and p. 7
for details on the other prizes.

ce and Innovation, CERN's
seen lit up at night. This
as offered to CERN in 2004
wiss Confederation to mark
rganization's foundation.
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60 yearS of Science for Peace

June 30 - July 2, 2014 · Uni Fribourg
The Austrian and Swiss award winners after the joint prize ceremony in Linz, together wit the SPS and ÖPG presidents and the
president of the SPS award committee.
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CERN celebrates in 2014 its 60th anniversary.
The Swiss national event will take place in
the context of our Annual Meeting. The program of the ceremony and more information
can be found on p. 26.

Annual Meeting of the
SwiSS PhySical Society
Revidiertes Verhältnis zwischen Johannes Kepler und Jost Bürgi. August
von Kreling (1819-1876) schuf dieses Bronzerelief für das 1870 in Weil der
Stadt eingeweihte Kepler-Denkmal mit dem stehenden Kaiserlichen Mathematiker und dem knienden Kaiserlichen Kammeruhrmacher, die von
1603 bis 1612 in Prag eng zusammenarbeiteten. (Foto: Wolfgang Schütz).
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But the Mitteilungen also give regular status reports on the
many activities of the SPS and about new initiatives. During
my presidency I was putting particular emphasis in strengthening the relation with physics students and in fostering collaboration with the Swiss teachers’ community.

eace

In view of promoting young scientists, in 2012 the SPS
Young Physicist Forum, that regroups most of the Swiss
physics student associations, has been accepted as a Commission of the SPS. As reported in the Mitteilungen, our society from then on started to sponsor events organized by
the young physicists in collaboration with SPS in order to
encourage communication among the various physics student societies together with senior physicists.

Swiss national event in the context of

In order to promote modern physics in schools, the SPS
started to organize training courses for secondary school
teachers in different fields of modern physics in cooperation
with the Verein Schweizerischer Mathematik- und Physiklehrkräfte VSMP. Two courses on particle physics and visits
of experimental sites were organised at CERN followed by
a course on modern topics in condensed matter physics at
PSI. The various reports in the Mitteilungen tell us the story
on how enthusiastically teachers took part in these events.

Podium discussion in the frame of the 60 years CERN event: From
left to right: Olivier Dessibourg (Moderator), Maurice Bourquin,
Ralph Eichler, Alexandre Fasel, Rolf Heuer, Ulrich W. Suter, Friedrich Karl Thielemann, Martin Vetterli.

50 issues of the SPG Mitteilungen over the last 20 years
with testimonials of scientific excellence is not only a story
of success, but also provides our community with a fantastic
archive of important developments and discoveries as well
as of anecdotes and personal stories. This is also thanks to
the collaborative effort of the members of the SPS executive board who contribute to the high quality of the reports
with their expertise and with their contacts to many experts
in the field of physics. I very much hope that in particular
our younger colleagues will profit from the historical records
that the SPG Mitteilungen are offering, and I would like to
encourage notably our young physicists to contribute in ensuring publication of the next 50 issues, hopefully with the
unremitting support by Bernhard Braunecker, the editor and
backbone of this oeuvre, who is working meticulously with
his team to make this publication possible.

Andreas Schopper giving an interview to a local TV station during
the "CERN60" event.
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The award winners 2015 of SPS and ÖPG. Photo: A. M. Andrews and H. Detz, TU Wien

www.oepg2015.at

Prof. Herwig Schopper, new Honorary Member of
the SPS, receives his diploma from Prof. Felicitas
Pauss, (CERN) See p. 14.

th

General Information: p. 9 Preliminary program: p.11

Plenary Speakers

Special highlights of Swiss

Public Lectures

François R. Bouchet, Institut d'Astrophysique
Physics were the four No-

Cornelia Denz, Wilhelms-University Münster

researchers in 1986 and
, EPFL Lausanne1987. Please enjoy the autobiographic article of Karl
„Physics challenges for burning plasmas”
Alex Müller at page 34.

Jens Hesselbjerg Christensen,

prizes, awarded to IBM
de Paris, „Cosmology with the Planck bel
satellite“

Ambrogio Fasoli

„The future of Earth‘s climate - is it really in our hands?“

Topical Sessions

Max-Planck-Institut Göttingen

The theoretical physicist
dern physics. His person

Georg Kresse, Universität Wien and his scientific work
„Beyond density functional theory: eﬃcient
many bodydescribed
are extensively
techniques for condensed matter”
in our 'History of Phy-

sics' article at page 41.

Bruno Leibundgut, ESO München
„The ESO science capabilities“
Joël Mésot, PSI Villigen

„SwissFEL: science opportunities at the newest facility
of the Paul Scherrer Institute”

Gerhard Meyer, IBM Rüschlikon

„Scanning probe microscopy of single atoms/molecules
on insulating ﬁlms”

Thomas Müller, TU Wien
„Optoelectronics in two-dimensional atomic crystals”
Arno Rauschenbeutel, TU Wien
"Chiral interaction of light and matter in conﬁned
geometries”
Gijs Wuite, University of Amsterdam

„Acoustic Force Spectroscopy”

Call for Abstracts: Submission Deadline 30 April 2016
More information on page 4

University of Copenhagen

Stephan Hell, Nobel Prize Laureate 2014

* Applied Physics, Acoustics & Polymer Physics
* Astronomy and Astrophysics
* Atomic Physics and Quantum Photonics
* Biophysics and Medical Physics
* Careers for Physicists
* Condensed Matter Physics (incl. NESY)
* Geophysics, Atmosphere and Environmental Physics
* History of Physics
* Nuclear, Particle- & Astroparticlephysics
* Plasma Physics
* Surfaces, Interfaces and Thin Films
* Theoretical Physics
* Physik-Lehrerbildung im deutschsprachigen Raum

The chiral PdGa surface can distinguish left from right for adsorbed
9-Ethynylphenantrene molecules with exceptionally high selectivity.
Read the interesting article on p. 23.

The five Gold medals winners of the Swiss Physics Olympiad 2016,
from left to right, Nicolà Gantenbein (5), Quirin Reding (3), Caroline
Rossier (4), Bastian Lengen (1), Henning Zhang (2). More on page 37.
Photo M. Gerber.

„Nonlinear Photonics”

„Nanoscopy with focused light”

Klaus Kirch, ETH Zürich & PSI Villigen
Vladimir A. Fock contri„Precision particle physics at low energies”
buted significantly to mo-

Annual Meeting of the
SwiSS PhySical Society
23 - 25 August 2016
Università della Svizzera italiana, Lugano

September 1 -4 , 2015 - TU Wien
st

Photo: © Università della Svizzera italiana

Joint Annual Me

with the Aust
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The Einstein house in Bern is the first EPSAPS Historic site (see page 46).

Inside view of the Superkamiokande detector during final installation of the 11,146 photomultipliers (PMTs), which led to the discovery of neutrino oscillations, awarded with this year's
Nobel Prize. Read more on p. 33.
From Kamioka Observatory, ICRR, University of Tokyo.

IYL 2015 (1): EPFL held a special workshop on light for children. Review on p. 43.
Photo: ©: EPFL - Murielle Gerber

Energy Efficiency by Warm Water cooling - SuperMUC Petascale Cluster at the Leibniz Supercomputing Center. See p. 12. Photo: ©: IBM Research - Zurich

IYL 2015 (2): Auch in der Kunst spielt Licht
eine wichtige Rolle. Ein Beispiel stellen wir
auf S. 45 vor. Photo: ©: Uwe Niklas

The image shows only a fraction of the about 3000 physicists of the
ATLAS collaboration at CERN's Large Hadron Collider. How about assessing collaborative and individual merits? Read page 31. © CERN

USI's Aula Magna, the main location of our annual meeting. © USI

Mini Symposium
Sa. 26. 11. 2016, 09:30 – 13:00
Universität Zürich Zentrum,
KOH-B-10
Philippe Jetzer, LISA
Gerhard Heinzel, LISA
Daniel Sigg, LIGO

Die gemeinsamen SPG - PGZ Symposien sind mittlerweile schon Tradition. Mehr auf Seite 66

Annual Meeting of the
SwiSS PhySical Society

23 - 25 August 2016
Università della Svizzera italiana, Lugano
General Information: p. 12, preliminary program: p. 14

This year's SPS Award winners, framed by the new honorary members (from
left to right): Norbert Straumann, Bruno Schuler, Fabian Menges, Marta Gibert,
Susanne Baumann and Piero Martinoli
Read on p 53
how the idea
of gravitational
lensing developped, and find
first results of
the LISA pathfinder mission
on p 60.
© picture: SXS, the Simulating eXtreme Spacetimes (SXS) project
(http://www.black-holes.
org)

editions of the
SPG Mitteilungen An opportunity to
look back and forth
on page 36

A look back at the "SPS Communications" from the issue 44 to 49

+ Scientiﬁc Exhibition
+ Award Ceremony, General Assemblies
Abstract Submission until:
Registration until:

→ www.sps.ch

May 31st, 2015
st
August 1 , 2015

Minh Quang Tran, SPS President 2014 - 2018
It is a great honour as President of our Swiss Physical Society to write a few lines about our SPS Communications
during my tenure.

from another national physical society mentioned once to
me that publishing in their journal is something that physicists are considering highly. Why is this important? Physics
is becoming extremely diversified and, as an example, as
plasma physicist, I have to rely on articles written by other
specialists to learn about advances in their fields. As importantly, we are trying to convey our love and excitement for
physics to young people at the level of high school: they
deserve the highest quality papers, if the goal of our SPS is
to attract young physicists.

Since this series of notes from past Presidents is supposed
to cover all the issues, I went back to the archives and had
a look at the earliest issue on the web-site (N° 6). I was
delighted to note that the same editorial line was followed
since the beginning: inform our members about the various
aspects of physics and the activities of the Society. One of
the most important points to be highlighted is the quality of
the contributions. Indeed, besides its breadth, our Communications is also characterized by the extremely high scientific quality. Authors (who were solicited because of their
expertise in the fields) often sent drafts of their paper to
colleagues and it is usual that many drafts were circulated
before the paper is sent to the editor. The breadth of our
Communications is more obvious when we look at the classifications of the articles and, in each issue, one can find
articles covering the majority of these entries. Another important feature is that after every Annual Meeting we have
an "extended abstract" for the majority of the Invited Plenary
Talks. For each Annual Meeting, the Board went to great
care to select both the topics and the speakers of these tables and therefore it is important that all our members can
get at least a flavour of the talks.

Finally, the success of the first 50 issues of the Communications was possible thanks to the contribution of all of you,
who so nicely answered positively to our request for contribution and took the time to share with us their excitement
for physics and their fields. I should also mention here the
commitment of our Editor: Bernhard was the driving force of
the Communications and, as we say in French, "avec une
main de fer dans un gant de velours", suggested topics, reminded us about deadline, chased the missing articles and
controlled their quality. So let us give our thanks to all the
contributors and to the Editor.
Life does not stop at 50! I am looking forward to read the
next 50 issues.

Members of our Society undergo the natural cycle from
youth to older age and our Communications also reflect this
cycle. We are proud of the scientific achievements and the
activities of our younger colleagues. But also we remember
the colleagues who passed away. This for me is also the
strength of the SPS, which shows that we are more than a
club but that we care about each other.
Let us look at the future. I usually remind friends that "Life
does not stop at 50", whatever 50 represents. In our case
the 50th issue is naturally a landmark in the life of our Society
and should be celebrated. But how will the 51st to 100th issue look like? I can only mention a criterion, for which I feel
very strongly and was mentioned above. Of paramount importance is the scientific quality of the articles. A colleague

An informal "committee meeting" with those already present in
Lugano just before the annual meeting:
Bernhard Braunecker, Stéphane Goyette, Minh Quang Tran, Antoine Pochelon, Andreas Schopper, Laura Heyderman, Gian Michele
Graf and Hans Peter Beck.
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The development of the sections and commissions
at the Swiss Physical Society
Antoine Pochelon
Overview
One way to capture the interests and activities of an organization is to study its organizational structure. This is
of course not intended to be fixed; it evolves, adapts, and
changes! Examining its current structure allows discerning
traces of past reflections and decisions to adjust the Society
to the interests and realities of the times it went through, to
adjust to the changing circumstances.

study at universities, such as the ETHZ. It would of course
be interesting to know from what time those four sections
have been put in place ... but in the context of this article, we
must rather consider the existence of these four sections as
an initial condition.
Science Policy - Wissenschaftspolitische Kommission
(WPK)
(formal commission from 1987 to 1991)

The foundation of the Swiss Physical Society (SPS) was
reported in a volume published in 2008 to mark the centenary of our Society, written by Alexandra Hool and Gerd
Grasshoff [1], a volume that can still be obtained from the
secretariat of the SPS. However, over the last decades, new
sections and commissions have been created, allowing the
Society to achieve greater diversity of disciplines in which
physics is involved and to expand its range of action. This
article provides a brief account of their genesis. As to their
current actions and ways of operating, one has to refer to
the current section leaders.

In the late 80s, a commission bearing the significant name
of Science Policy (WPK, Wissenschaftspolitische Kommission) has emerged in the committee of the SPS, although
explicit science policy activities actually operated in absence of a formal commission over a much broader term,
typically from 1975 to ~1999.
What is the role of physics and SPS in the political field?
This is for sure the question that the committee members
were trying to answer. It all began with René Dändliker from
the University of Neuchâtel who encouraged the Society to
be more strongly involved in science policy issues such as
the participation in surveys or statements. The motivation
for the creation of the commission at that moment was born
with the feeling that the SPS had missed an opportunity to
be invited as an expert at a major survey of science policy.
This new commission, bridging the gap, was to enable the
SPS to become more involved in the Swiss science policy.
It must be remembered here that the SPS already used to
publish a Swiss Research Catalogue in Physics every five
years, starting for the first time in 1975 under the presidency
of Verena Meyer (1975, 1980, 1985, 1990, 1995, 1999) [2].
Therefore, the Society had strong assets to push forward
this process. The Science Policy Committee was taken over
by Hans-Jörg Schötzau after René Dändliker, and it is actually later, in 1994, under his presidency of the SPS that
the Swiss Science Council (Conseil Suisse de la Science,
Schweizerischer Wissenschaftsrat), now the Swiss Science and Innovation Council, SSIC (Schweizerischer Wissenschaft- und Innovationsrat, SWIR, Conseil suisse de la
science et de l’innovation, CSSI), then chaired by Verena

When the SPS was created in 1908, it did not encompass
the diversity of the current sections. The topics of the presentations at the time at the SPS meetings (period 18961916) were classified into three areas, with an emphasis on
experimental subjects (more than half), followed by technical themes (one fourth), and finally theoretical themes (one
sixth) [ibid., Fig V.4, p. 45]. At the time, there was no formal
record of sections yet. One must not forget that before its
creation, the young SPS was itself a section of the SNG,
the Schweizer Naturforschende Gesellschaft, or the Société
helvétique des Sciences naturelles in French, which later
became the current SCNAT academy. It is interesting to
note that the distribution of academic titles of the presenters changes slightly with the formation of the SPS: while
professors typically accounted for half of the presenters
before creation, these former decreased slightly thereafter.
This decrease is even more noticeable among the presenters with doctoral degree, who dropped from about 20 % to
10 %. In fact, it is the number of people without titles, those
that are obviously in education, which increases proportionally, from under 30 % to over 40 % [ibid., Fig V.5, p. 46]. It
seems that one can read in these figures, already then, the
central role of the SPS in the curriculum of young doctoral
students, as we know it today.
The founding members of the SPS, on the other hand were
mainly recruited from among professors and PhDs. Note
that among the founding members, there was a significant
proportion (30%) of non-physicists [ibid., Fig V.6, p. 76].
That may be a first sign of search of diversity that may have
played a role in the subsequent creation of sections.
In the years 1960 - 70, the SPS already had four sections,
Solid State Physics (KOND), Applied Physics and Domains (ANDO), Astrophysics, Nuclear and Particle
Physics (TASK) and Theoretical Physics (THEO). Correspondingly, these were representing the dominant areas of
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Meyer, mandated the SPS committee a "Survey of Physics in Switzerland." The objective of this survey was to take
stock of the personnel and infrastructure available in Switzerland "to create a sound and comprehensive basis for future recommendations in research policy" [3], by assessing
"the range, distribution and quality of physics research in
Switzerland in comparison to international standards". This
"self-portrait" of the Swiss physics community carried out by
the SPS then served as a basis for the organization by the
CSS of an international expertise [4], which in itself served
as a basis to a report of the CSS towards the authorities
and the Federal Council. Throughout the interplay between
the SPS and the political world, we must also remember the
pivotal role of Paul-Erich Zinsli, who was a member of both
the WPK and the Bundesamt für Bildung und Wissenschaft,
thus well aware of the demands of the political field. The
SPS, realizing this survey, acquired in fact a high visibility in
the Swiss science policy.
It would be incomplete not to mention the occasional resistances to such surveys. These investigations were indeed
not always received with the most benevolent enthusiasm.
For the record, let us remind ourselves the definitive response of Werner Känzig (ETHZ) "Herr Känzig füllt keine
Formulare aus", accompanied by all and for all of the stamp
of the Institute.
This science survey activity did put the SPS in the heart of
the Swiss science policy. A key question is why was this
scientific policy commission not continued any longer? In
fact, fundamental changes occurred over the nineties in the
Swiss science policy landscape, well described in [6]: Science and Education, distributed over several Federal Departments was regrouped, a State Secretariat for Education
and Research was created; the FNRS launched the NCCRs
(National Centres of Competence in Research). In short, the
nineties were a period in which the governance of science
was clearly at the centre of attention.

Innotec), on electric arcs in switches (ABB), and on computer aided engineering in small and medium enterprises
(NM Numerical modelling) illustrated some technologically
relevant topics in Swiss industry. The session closed with
two managerial talks on the challenges for industrial physicists (Leica Geosystems) and on the lessons learned in the
industrial-university collaborations (Unaxis). After starting
the section INDU, with a short period with Jacques Schmitt
as section head, Ernst Ramseier from Leica Geosystems
took over before Kai Hencken from ABB (2009), and since
2015, Thomas Brunschwiler and Patrick Ruch from IBM Research are chairmen of the section. It is now a tradition that
a dedicated session with invited speakers on subjects in
industrial physics takes place during the Annual Meetings.
There are also sessions on "Careers for physicists" repeated with success on a regular basis, which always attract the
interest of young physicists, and are organized either within
the frame of the Annual Meeting or at a dedicated event in a
convenient location like Zürich together with our sister society Physikalische Gesellschaft Zürich (PGZ).
Atomic Physics and Quantum Optics - Atomphysik und
Quantenoptik - Physique Atomique et Optique Quantique
(founded 2009)
Most national physical societies have a dedicated section
on atomic, molecular and optical physics. Since the number
of Swiss researchers working in the fields of atomic/molecular physics, laser physics, photonics and quantum optics
has grown considerably and reached a critical mass over
the past years, the Executive Board of the SPS has decided
to found a new section on "Atomic Physics and Quantum
Optics" (APQO). Many of the scientists working in quantum
optics, photonics and laser physics were also grouped within the NCCR Quantum Photonics. On the other hand there
is a growing number of researchers in atomic/molecular
physics exploring fundamental and applied domains such
as precision metrology, high-resolution spectroscopy, lasers
in medicine, and cold atom physics. The development of radiation sources spanning the spectral range from X-rays to
THz domain and applications therein are actively pursued
at most Swiss research institutions. Recently, the activities
in the field of quantum science and technology have grown
considerably, and many atomic physics and quantum optics
groups are also part of the NCCR QSIT. The APQO section is intended to represent all researchers in the abovementioned fields. The section was initiated and founded at
the General Assembly 2009 by Antoine Weis (University of
Fribourg) as its chairman. The section has continued since
2015 with Philipp Treutlein.

Physics in Industry - Physik in der Industrie - Physique
dans l’industrie
(founded 2005 as "Industrial Physics" and renamed in 2009)
In order to enhance the collaboration and knowledge exchange between physicists in industry and academia, the
SPS founded the section "Industrial Physics (INDU)" during
its General Assembly in Berne in 2005. This new section was
initiated and promoted by Thomas Christen (Section THEO)
from ABB Corporate Research and Bernhard Braunecker
(SPS Secretary) from Leica Geosystems. Bringing up topics relevant to industrial and technical physics in presentations during yearly SPS meetings would be very rewarding
for both the academic and industrial R&D institutions. The
idea was that industrial researchers would be able to monitor new trends at the academic research front, while academic researchers would learn about technological needs
and interests of Swiss industry. At the time of the creation
of this section, other physical societies already successfully
operated "Industrial Physics" sections or working groups,
like for instance the American Physical Society (APS) and
the German Physical Society (DPG). The inaugural session
gave the tone of the industrial physics section: After a talk
on the way in which DPG runs its industrial and commercial
section, three presentations on the use of coatings (Sulzer
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Education and Promotion of Physics - Physikausbildung und -förderung - Education et Encouragement à
la Physique
(founded 2009)

not less than 22 presentations. Judging by the number of
attendees, the interest in this session was obvious, which
was particularly encouraging, with the participation of many
young physicists alongside amateur historians physicists.
With this successful experience, the need for a section
on the history of physics was becoming very clear, which
prompted the creation of the section at the 2010 General
Assembly in Basel. For the inaugural session, the decision
was taken to open the session to professional historians
as well as to "amateurs", namely those physicists willing to
bring their testimony on the times of their studies, on their
teachers, or wishing to share their retrospective look over
their life-time engagement in physics, playing thus a role of
"physicists-witnesses". This decision was consistent to one
of the assigned tasks of the HoP section, which is to establish and possibly tighten the links between the communities
of historians and physicists to mutual benefits. The number
of people attending the inaugural HoP session was reaching
almost 40 participants. In addition it was very satisfying to
have the participation of many young people. This showed
that the interest for HoP sessions is not only shared by historians and retired scientists, but also draws strong interest
among young physicists and physics students.

The section fosters the SPS contribution to the improvement
of physics education at Swiss schools on all levels. In these
activities, we try to identify young talents, support talented
individuals and all undergraduates interested in physics. In
this context we also try to bring the fascination of physics to
a broader public with the goal of improving the public perception of physics. The section aims at strong collaborations
with physics teachers, physics teacher associations and the
academies SCNAT and SATW. The section prepares events
for teachers to broadcast new research themes and results.
Events have thus been organized in big national laboratories or at CERN. The language spoken seems to play an
important role and teachers appreciate receiving material in
their own language. Another form of help often encountered
is finding appropriate speakers for the theme they would like
to present, a place where our network is particularly helpful.
The section was created by Tibor Gyalog, and was further
strongly activated and maintained by Hans Peter Beck and
since 2016 also by Céline Lichtensteiger.

The existence of the section then allowed regularly organizing sessions on themes of the history of physics, its actors,
its institutions, its concepts, and its instruments, etc. Cultivating this historical approach provides a better understanding of the historical development of physics, shedding light
on the current developments in the discipline, its education
and its relationship to society. Since that time, the readers
of the SPG Mitteilungen have benefited from feature articles
on the history of physics, both national and international; articles where the discourse is not a simplified one reduced to
the needs of a linear narrative, but where are depicted both
the advances and hesitations - that taken together - have
shaped the history of science and the humanistic development of physicists.

History of Physics - Geschichte der Physik – Histoire de
la Physique
(founded 2010)
If one wants to find the initial seed of the History of Physics
(HoP) section, it could be found in a visit of the Science History Museum of Geneva during the Annual meeting 2008.
For this, Christophe Rossel and Bernhard Braunecker solicited Jan Lacki, professor of history of physics at the University of Geneva, to explain and guide the visit, a visit attended

Young Physicists' Forum
(commission, founded 2012)
The Young Physicists' Forum (YPF) was established in
2012 at the instigation of the SPS and its president Christophe Rossel with the financial support of the Swiss Academy
of Natural Sciences (SCNAT) and its platform MAP. The Forum's goals are to encourage communication between student societies in physics and professional physicist members of the SPS and in addition create a platform to discuss
issues of common interest and organize various events
such as visits and seminars. Events had already started in
2010 before the formal creation of the commission with visits organized with the student associations (initially VMP).
This allowed first visits to the PSI and the TCV tokamak at
EPFL, and in 2011 ABB Baden and IBM Rüschlikon. In 2011
was also started the organization by the PGZ and various
student associations (VMP (ETHZ), FPU (Uni Zürich), FG
14 (Uni Basel, now Fachgruppe Physik)) of a "Careers for
physicists" day. All this activity aimed at presenting research
institutes and companies to young people. The students
have had the opportunity to learn how research is being
conducted in various fields, which are current topics, and

A model of the solar system, built in 1775 by the famous English
instruments maker George Adams, one of the many fascinating
objects in the "Musée des Sciences" in Genève.

by more than hundred interested participants. These three
persons met again to discuss the possibility of the creation
of a section on History of Physics. Meanwhile, during the
joint meeting of SPS and ÖPG in Innsbruck in 2009, a full
topical session on the subject took place. The participants
were able to attend a session entirely devoted to the history of physics with wide variety of topics, bringing together
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perhaps even to meet their "future work" (SPG Mitteilungen
No 33, 2011 p. 6 - 7).

academic world. Climate science must have its place within
the SPS [8], climatic predictions requiring detailed global
measurements and adequate modelling for performing numerical calculations, which are quite logically at the limit of
the available computer power. Also, the societal implications of climatic sciences are major. Thus, issues related to
the environment, atmosphere and natural resources need
a comprehensive analysis based on the first principles of
physics.
Before the creation of the actual section in 2012, a session
highly focused on geophysics and resources was organized
at the annual meeting 2011 at the EPFL, organized by Pascal Turberg and Antoine Pochelon. Philippe Gillet made a
remarkable plenary presentation on the geophysics of high
pressures applied to the geophysics of meteorites, and
Michel Marthaler traced in an evening public presentation
the history of the formation of the Alps. With the arrival of
Stéphane Goyette as chairman since 2012, the section was
able to fully develop towards the physics of the atmosphere
and underlying Earth.

The flagship events completed to date are the student
meetings from Friday evening to Saturday. It is along these
lines that three meetings have already been held, the first
in 2013 on "Physics and Sport" in Macolin, the second in
2014 on "Energy" in the Technorama Winterthur, and the
third in 2015 on the topic "Astronomy" in Bern and the Zimmerwald observatory. These events have been a real success among students who came in numbers; they were over
forty at the 2015 meeting, such that one even had to refuse
participants. The excellent quality of the four presentations
of the morning at the University of Bern and the visit of the
Zimmerwald observatory that followed should be noted, an
example of good scientific and event organization. At the
end of such meetings, many students were asking when will
be the next event of this kind. In the view of latest organizers: "Our goal is to encourage exchange between physics
students among different universities in Switzerland and to
stimulate their interest each time in another specific topic".

Michel Marthaler: the passion of explaining the Alps formation to
a large public.
The students gathered at the Zimmerwald observatory for an
interesting visit.

This section focuses on the understanding of the global environment through the development of methods and models
synthetizing our knowledge about energy, water, resources,
as well as a number of other cycles that shape the Earth
system.

For the sake of networking, the coordinates of the different
student associations are listed in reference [7].
With the existence of the sections previously mentioned and
considering the developments in research and innovation
topics during the 2000s, there were two important themes
that had not showed up as sections; these are the Earth
sciences and biophysics in which physics plays a key role.

Biophysics, Soft matter and Medical Physics - Biophysik, Weiche Materie und Medizinische Physik – Biophysique, Matière molle et Physique médicale
(founded 2014)
During the 90s, special sessions dedicated to soft matter or
medical physics already took place at biannual meetings of
the SPS. With the arrival of its new President Patrick Aebischer at the EPFL in 2000 the life sciences were to acquire
a high profile as new additional direction. This had already
been the case at ETHZ for instance, where biophysics was
already well established for decades. However, with this tremendous increase in importance of physics in life sciences,
it became urgent to create a new section addressing this
theme, an activity that Giovanni Dietler took to heart to start
in 2012, until the official creation of this new section at the
first opportunity of the annual meeting in Switzerland, Fribourg, in 2014.

Earth, Atmosphere and Environmental Physics - Physik
der Erde, Atmosphäre und Umwelt – Physique du Globe
et de l’Environnement
(founded 2012)
Earth sciences are represented in both EPFs and in many
Universities in Switzerland and extend. Through the development of modelling and numerical analysis, the study
of geological phenomena allows quantifying, for example,
wide scale tectonic movements. It had also clearly become
necessary to integrate within the SPS today weather and climate modelling expertise, strongly represented in the Swiss
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This section represents the physicists' activities working at
the crossroads of biology and medicine and applying the
fundamental laws of physics to the complex biological matter, using both experimental as well as theoretical tools for
their investigations. Biophysics is the application of the principles of physics and chemistry, in combination with mathematical modelling and computer simulations. The development of new technical approaches and perfecting existing
techniques occupy also a part of the activities in biophysics,
whether in microscopy, labelling molecules or nano-manipulation, to mention only these few themes.
Outlook
It is not possible for every conceivable field to be represented by a corresponding section within the SPS. If, for example, we examine the areas named in the titles of the articles
"Progress in Physics" (see next page), some do not appear
as separate sections, such as the domains of Plasma Physics, Nano Physics, Space Physics and Energy, to name only
but a few. Plasma Physics has always been connected to
the Applied Physics, Nano Physics is clearly a branch of
condensed matter, Space Physics may be related to astrophysics, that is TASK, or as appropriate, in Applied Physics. Regarding Energy, this subject of course includes basic
physics and applied physics issues, but its implications are
going well beyond those domains, including also socio-political issues. For subjects with multidisciplinary characters
like these, or for domains that we wish to connect on occasion, one can always seek out an SPS section for the
organization of a special session on a chosen topic during
an annual meeting of the SPS. This organizational flexibility promotes the intermingling and connection of ideas, a
necessary flexibility so that the SPS can fully take account
of the evolution of the physical areas by on-going adaptation. The regular welcome of the National Centres of Competence in Research - the NCCRs - in our annual meetings,
is another way to engage in fruitful exchanges and to make
different temporary platforms within the SPS visible.
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The last decade has seen a sharp increase in the number
of sections from four to ten. In this way, the SPS adapts
to evolving fields in the world of academia and industry. It
covers more areas and thereby connects better to them,
thus expanding its network. By this means, the committee
becomes more representative and is strengthened in numbers. This increases its scope, expertise, and its relevance
to the decisions or statements, thus giving a broader scope
of editorials in the SPG Mitteilungen. There is, of course, a
risk due to an excessive fragmentation for the sections with
fewer participants, but the strongest representation in the
committee and the ever-possible options of combining areas at the annual meetings can largely offset this handicap
into benefit.
What will the SPS and its sections look like in 50 years? It
is certainly everyone’s prerogative to dream of how physics
could evolve. Who would say that physics has not accustomed us to surprises? An open mind to the new and the
unexpected is most certainly a reasonable attitude.
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The SPS-Series Progress in Physics
Bernhard Braunecker
Introduction

The rather short articles should come from a firsthand account and should be written didactically in such a way that
our readers—physicists, although not always experts in the
field—would read them with curiosity. This, however, proved
to be not so easy, and some articles were more demanding
and more comprehensive than originally planned.

Apart from its original purpose to inform the members about
the activities of the SPS, the SPS Communications primarily intend to provide information on the state of current research in physics in Switzerland, as well as to address the
relationship of modern physics with society at large. This led
to the introduction of the series Progress in Physics (April
2007), Physics Anecdotes (April 2008), Physics & Society
(February 2009), Nobel Prizes (November 2009), History of
Physics (May 2011), Milestones in Physics (March 2013),
Plenary Talks (September 2015) and recently Physicists in
Industry (June 2016). In the following, we consider our first
series, Progress in Physics, in more detail.

Other points were questions on how to find suitable authors,
how to guarantee the physical and technical correctness of
the report and how to maintain the thematic balance? Since
the SPS is run by a volunteer board of directors, we cannot
and will not be able to afford professional referees. The obvious solution was to periodically ask each board member to
provide a progress article written by either him or her or by
some colleagues whom he or she recommends. This automatically ensured quality, which over the years also resulted in a satisfactory balance of physical topics. There were
sometimes—depending on the members of the executive
board—certain preferences; but as the following analysis
shows, the thematic coverage was gratifyingly broad, and
our authors came from all Swiss universities, research laboratories and also from the industry.

Review of the Series Progress in Physics
The Progress in Physics series was launched in the spring
of 2007 in no. 20 of the SPS Communications with a contribution of the theory group of the University of Basel. The
general idea was to make a report on a current research
project in Switzerland and to print it as a centrefold article.
Chronology

No
1
2
3
4
5
6
7
8
9

10
11

Short Title / Theme

AC

Progress in Physics Listing
Authors

Issue

M/Y

Fields

Institutions

Quantum Computer

BB

B. H. Braunecker, D. Loss

20

04 / 2007 KOND

BS

Exoplanets

BB

F. Pepe

21

10 / 2007 TASK

GE

Satellite Communication

BB

B. Braunecker, E. Fischer

22

01 / 2008 SPACE

Leica / RUAG

Mirror Matter

KK

A. Knecht, M. Kuzniak

22

Quasi Crystals

PAG

P. Gröning

23

04 / 2008 KOND

PSI X-FEL

CR

B. Patterson, R. Abela, J. F. van der
Veen

23

KOND

PSI

Atomic Clocks

ER

G. Mileti

24

07 / 2008 APQO

NE

Confined Plasma

IF

I. Furno et al

24

Magnetic Phases

FM

F. Mila

25

10 / 2008 THEORY EPFL

Multi-Ferroics

US

U. Staub

25

KOND

PSI

TASK

PLASMA

PSI
EMPA

EPFL

12

Terahertz Polaritonics

BB

T. Feurer

26

02 / 2009 APQO

BE

Molecular Junctions

TG

26

NANO

BS

13

S. Wu, M.-T. Gonzales, R. Huber, S.
Grunder, M. Mayor, C. Schönenberger, M. Calame

Wave-Particle Duality

AW

A. Weis, D. L. Dimitrova

27

05 / 2009 APQO

FR

Nanostructures

PAG

P. Ruffieux

27

NANO

Hera Experiment

KK

C. Grab

28

07 / 2009 TASK

ETHZ

Dirac Experiment

KH

J. Schacher

30

01 / 2010 TASK

BE / CERN

Spintronics

US

J. H. Dil

30

KOND

Correlated Photons

DB

V. Gritzev, D. Baeriswyl

31

05 / 2010 APQO

FR

3D Nanofabrication

CR

A. Knoll, U. Duerig

32

09 / 2010 NANO

IBM

Muonic Hydrogen

KK

A. Antognini, F. Kottmann

32

Cold atoms

BB

P. Böhi, M. F. Riedel, P. Treutlein

33

Energy Supply Technology

CR

S. Hirschberg, W. Schenler, P. Burgherr, C. Bauer, M. Makowski

33

14
15
16
17
18
19
20
21
22

50

TASK
01 / 2011 APQO

EMPA

PSI / ZH

PSI / ETHZ
BS

ENERGY PSI
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23

Graphene

IF

F. D. Natterer, S. Rusponi, H. Brune

34

LHC

ULS

H. P. Beck

34

Nano-Bubbles

AW

P. Moroshkin, V. Lebedev, A. Weis

35

09 / 2011 APQO

FR

Tokamak

AP

P. Angelino, A. Bottino, S. Brunner,
Y. Camenen, A. Pochelon, O. Sauter, L. Villard

36

01 / 2012 PLASMA

EPFL

Brownian Motion

TG

S. Jeney

36

NANO

Ceramics

BB

B. Braunecker, R. Hügli

37

05 / 2012 KOND

Thin Films

PAG

M. A. Marioni, S, Romer, H. J. Hug

37

KOND

Higgs

MP

M. Pohl

38

09 / 2012 TASK

GE / CERN

Nuclear Astrophysics

TG

F. K. Thielemann
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Conclusions

see what was achieved over the years and to reflect on
where we are heading with the upcoming articles.

Our analysis shows that EPFL, PSI, the Universities in
Basel, Genève and the Industry contributed the most. Considering the distribution of the topics, we note the dominant
role of the three clusters KOND (including Nano) with 37%,
ANDO (APQO, Plasma, Space and Energy) with 28% and
TASK (Nuclear, Particle and Astrophysics) with about 18%.
We hope that this short analysis allows us to step back and

All of you, dear authors, deserve thanks for your valuable
contributions. We know that the series is read not only in
research institutions but also in Swiss academies, federal
administrations, the National Science Foundation, certain
associations, the industry and so on.
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History of Physics (16)
Biography of an idea: the case of gravitational lensing
Tilman Sauer, Johannes Gutenberg-Universität Mainz
Abstract
The idea of a gravitational lens emerges in a natural way as soon as one has a law for the deflection of light in a gravitational
field. Einstein elaborated on this idea as early as 1912 in unpublished notes. In the following decades, the idea was revived
again and again, but also fell back into oblivion. Only in 1979, the double quasar Q0957+561A,B was identified as a lensed
double image of the same astrophysical object. This discovery was soon followed by others and gravitational lensing since
then became a highly active field of astrophysical research.
The early history of gravitational lensing has been told various times [1-5]. It is a fascinating story in many respects, not
only because it became clear from unpublished research
notes that Einstein had derived the very same equations of
gravitational lensing already in 1912, three years before he
completed the general theory of relativity in late 1915 and
some 25 years before he would eventually publish the very
same lensing equations in 1936 [6]. Subsequent historical
work has uncovered and identified many more relevant references for the early history of this idea, and the picture that
emerges from the reconstruction of this history allows us to
ask interesting questions about the development of significant ideas in physics.

of light, as Newton did. Similar considerations are found occasionally in the history of science since Newton [2]. But
Einstein’s law of deflection (1) was obtained, for the first
time, on the basis of a relativistic theory of gravitation.
The bending of light in the gravitational field of the sun became one of the three classical tests of general relativity,
in addition to the gravitational red shift and the anomalous
advance of Mercury’s perihelion. Einstein’s prediction of a
deflection of 1.7'' for light rays passing at the rim of the sun
was observationally confirmed in 1919 by a British eclipse
expedition, led by Arthur S. Eddington. The confirmation of
Einstein’s prediction catapulted Einstein and his theory into
the limelight of public attention and made Einstein over night
to the public celebrity that he has remained ever since.

The idea of gravitational lensing, briefly stated, is the application of geometrical optics to the law of gravitational
light deflection. The law of gravitational light deflection in a
relativistic theory of gravitation states that the angle of deflection for a ray of light passing near a massive spherical
astrophysical object, like the sun is proportional to the inverse of the distance of closest approach to the center of
the deflecting body. Incidentally, this functional law of light
deflection does not depend on the framework of the final
general theory of relativity.

But the inverse proportionality with t in the law of light deflection (1) harbors another implication, that can be made
explicit if methods of geometrical optics are applied to it. By
elementary geometric arguments, one can see that the law
implies that a distant light source, say a star, will be seen by
a terrestrial observer in two images if a massive object is
situated between the star and the observer whose gravitational field acts as an optical lens. As long as one only thinks
about point sources, the problem is a planar one, uniquely
defined by the light source, the lens, and the observer. The
two images then arise from the fact that light can reach the
observer on two paths, a weakly deflected one on the observer’s side of the lens, and a strongly deflected one passing the lensing star on the far side. For the case of perfect
alignment along a line, the double image degenerates into
a ring-shaped image whose radius can also be calculated
easily.

Specifically, Einstein had predicted—already in 1911—a deflection of
a = 2kM
$1
c2 t

(1)

for light rays passing the center of the sun at a distance of
t, where k denotes the gravitational constant, M the solar
mass, and c the speed of light [7]. The derivation was based
on his hypothesis of a complete equivalence between uniformly, rectilinearly accelerated frames of reference and a
constant, homogeneous gravitational field. From this hypothesis, Einstein had concluded that the speed of light
should be dependent on the gravitational potential. Using
Huyghens’s principle, he had predicted a deflection of 0.83''
for rays of light emitted from stars that are located just behind the sun and that would just graze the rim of the solar
disk. The numerical factor in this formula is still a factor of 2
too small, compared with the later expression derived from
the general theory of relativity. But the key insight was the
1/t-dependence of the deflection angle for the impact parameter t.
In principle, a deflection of light rays in a gravitational field
is also obtained in the framework of Newtonian gravitation
theory, in particular, if one believes in a corpuscular theory

Going into three dimensions and comparing corresponding
area elements in the plane of the lens with and without the
presence of a lensing object also allows the derivation of
expressions for the amplification of light by the action of the
gravitational field.
The idea of the possibility of a double image or a ring shaped
image of astrophysical objets and of the possibility of light
amplification as derived by applying geometrical optics to
the law of gravitational light deflection is the idea of gravitational lensing in a specific sense.
We can now ask how this idea was born and what its biographical timeline looks like.
On 12 March, 1912, a nova was discovered in the constellation of Gemini [8]. The news spread rapidly among astrono53
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like George Ellery Hale from Pasadena about the possibility
to observe such a tiny deflection of light rays during a solar
eclipse [11].
Einstein now talked also with Freundlich about the possibilities of an empirical test of his new gravitational theory during
his visit in Berlin, and Freundlich had immediately picked up
on this question and, in fact, made it to his task of life [12].
Figure 1: Light curve of Nova Geminorum 1912, which reached its
maximum brightness of 3.5 mag on 14 March 1912. A few weeks
later, during a visit in Berlin, Einstein and the astronomer Erwin
Freundlich discussed the possibility whether such “new stars”
could be explained by the effect of gravitational lensing of a transiting star. He soon realized that such explanation cannot hold and
dismissed the idea. Image from [9, S. 429].

Some entries in one of Einstein’s notebooks from that time
allow the conclusion that Einstein and Freundlich most probably discussed not only the possibility of a test during a solar
eclipse. Indeed, there are calculations in that notebook (Fig.
2), that explore still another effect which also follows from
the law of light deflection (1) [3, 6].

mers, and many observatories directed their instruments to
this rare event. Two days later, on 14 March (incidentally,
Einstein’s 33rd birthday), Nova Geminorum 1912 reached its
peak brightness of 3.5 magnitudes (Fig. 1) [9]. It was one
of the most interesting novae of the young century. The observatory in Potsdam also took a number of photographs of
the relevant portion of the the sky in the period between 15
March and 12 April. The young astronomer Erwin Freundlich (1885–1964) was charged with the photometric examination of these images.

This is exactly what Einstein does in his notes from the year
1912. He obtains the expression for the brightness (Figure
2)
1
1
+
H tot = H * 1 - 1
1 - 1 4,
t 41
t 42

(2)

where H denotes the brightness without the lensing effect
and t1,2 are the two roots of the lensing equation, and for the
relative amplification, Einstein obtains the form

Freundlich was an ambitious young astronomer who was
interested more in foundational questions than in routine
day-to-day tasks. Only shortly before, he had contacted
Einstein and had discussed with him possibilities of empirical tests of Einstein’s ideas on a new gravitational theory.
In the week of 15– 22 April, 1912, Einstein visited Berlin. At
this time, he was a Professor at the German University of
Prague, but he was already on the move to a new position
at his alma mater, the ETH in Zürich. He had started to delve
deeply into the problem of a relativistic theory of gravitation,
a project that he would pursue in Zürich together with his
good friend from student days, Marcel Grossmann, now a
professor of geometry at the ETH [10].

H r = H tot =
H

1+

1

r (1 + 1 r 2)
4
2

,

( 3)

where r / r0, the normalized orthogonal distance of an observer from the line connecting the light source and the lens
(see Figure 2). Hr(r) in Eq. (3) diverges for r " 0, as Einstein
confirms by sketching a function plot, see Fig. (3) [8] .

Only a few months earlier, Einstein had published his paper
in the Annalen der Physik, in which he had derived a possible bending of light passing through the gravitational field of
the sun [7]. Einstein had also begun to write to astronomers

Figure 3: Einstein’s sketch of the function plot of Eq. (3). For small r
the expression diverges ? 1/r. [13, S. 587]. © Albert Einstein Archives, The Hebrew University of Jerusalem, Call Nr. 3-013.

Could it be that this amplification might explain the effect of
“new stars” as an optical amplification of a distant star by the
gravitational lensing effect of a transiting lensing star? We
know from a letter by Einstein that he seriously considered
this possibility but then gave it up again. “It has unfortunately become clear to me now that the ‘new stars’ have nothing
to do with the ‘lens effect,’ moreover that taking into account
the stellar densities existing in the sky the latter must be
such an enormously rare phenomenon that it would probably be futile to expect one of the like.” Einstein wrote on 15
October 1915 to his friend Heinrich Zangger in Zürich [14,
Doc. 130].

Figure 2: Einstein’s calculations on gravitational lensing in his
Prague notebook [13, S. 585–586]. © Albert Einstein Archives, The
Hebrew University of Jerusalem, Call Nr. 3-013.
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In addition to the rareness of the phenomenon, two more arguments made the explanation unlikely [8], [15, pp. 6–7]. For
one, the lightcurve of a lensed star should be time-reversal
symmetric, which is, in general, not the case with novae.
Second, the spectrum of a nova should not change with time
if it was a lensed amplification. Today, we know that most
novae are binary star systems whose brightness is caused
by thermonuclear reactions. But in 1912 the mechanism of
novae and supernovae was still unclear. The explanation
of a nova from the gravitational lensing effect of a passing
star was a clever idea which was bound for the wastepaper
basket where it shared the good company of many other
such ideas, as Einstein used to say with tongue in cheek.
The idea of gravitational bending had been born but soon
fell into oblivion again. We would know nothing about this
idea if it had not been for Einstein’s notes and letters.

On 17 April 1936, only weeks after Link’s first paper, Einstein
was visited in Princeton by a Czech emigrant and hobby
scientist, Rudy W. Mandl, who wanted to convince Einstein
of the idea of the gravitational lensing effect. He also entertained more grandiose ideas that this gravitational lensing
amplification would be the cause of an enhanced rate of
mutation and therefore also the real cause for the evolution
of life on earth [3, 6]. There is no indication that Mandl and
Link, though both Czech, had any kind of relation, or that
Mandl even knew of Link’s publication. But in any case, it
was Mandl who succeeded in convincing Einstein to publish
a short note on gravitational lensing in Science [21]. In this
note, Einstein discussed the phenomenon of the double image, the ring, and also of the amplification effect and published equations that are completely equivalent to those that
he had written down already 1912 in his Prague notebook.

The law of gravitational light deflection survived, in its functional form, the transition from Einstein’s gravitational theory
of 1912 to the general theory of relativity in the fall of 1915.
It only changed by a factor of 2. It is therefore not surprising
that the idea of a gravitational lens surfaced again and again
over the years.
In a short note in Nature from the year 1919 [16], Oliver
Lodge (1851–1940) mentioned the analogy between the
gravitational field of a mass and of an optical medium. But
he only remarked that one should not speak of a lens in this
case, since a gravitational lens would have no focal length.
One year later, Arthur Stanley Eddington (1882–1944) discussed the possibility of an optical double image, but he
arrived at the conclusion that such a phenomenon would
probably never be observable [17].
It appears that the first positive published discussion of gravitational lenses goes back to the Russian physicist Orest
Chwolson (1852–1934). In a short note “on a possible form
of fictitious double stars” in the Astronomische Nachrichten
of 1919, he had speculated that two spectrally similar images of a single star should be visible by the gravitational
action of a massive object located in between 1. In the early
twenties, a systematic search for gravitational lenses was
undertaken at Yerkes Observatory under its director E. B.
Frost [18]. Obviously, this search remained without success.

Figure 4: Fritz Zwicky (1898–1974).

In contrast to Link’s papers, Einstein’s short note was well
received by the astronomical community. It triggered, among
other papers, an article by Henry Norris Russell (1877–1957)
in Scientific American, in which he discussed the virtual perception of star Sirius A, lensed by the gravitational field of
the white dwarf Sirius B, by an observer located at a suitable
place on a hypothetical planet [22]. Einstein’s note was also
picked up a few weeks later in two brief notes by the Swiss
astronomer, working at Caltech, Fritz Zwicky in Physical Review, in which he discussed the lensing effect for the case
of galaxies and in which he gave a much more optimistic
assessment as to the observability of the phenomenon than
Einstein [18, 23].

The further history of gravitational lensing now shows the remarkable phenomenon that the idea woke up twice and was
discussed repeatedly in the literature, in the years 1936–37,
and in the early sixties, but appears to have been forgotten
for many years in between. In the year 1936, the idea was
rediscovered twice, independently, or perhaps even three
times.

In reaction to the publications by Link, Einstein, and Zwicky,
the Russian physicist Gavril Adrianovich Tikhov (1875–
1960) finally published a discussion of the lensing effect of
his own in the Comptes rendus (Doklady) de l’Académie
des Sciences de l’URSS. In the introductory passage to this
paper, he remarked that he had had those ideas already
independently as early as 1935 [24].

First, the Czech astronomer František Link (1906–1984)
published a short paper in March 1936 in the Comptes rendus de l’Academie des Sciences [19], and then a little later
a longer work in the Bulletin Astronomique [20], in which
he gave a detailed calculation of the amplification effect of
gravitational lensing [4].

1 This note by Chwolson was printed on the same page as a short note
by Einstein on the problem of explaining the solar red shift by an electron
gas. But obviously this coincidence did not mean that Einstein would have
noticed Chwolson’s note, or that he would have remembered it many years
later.

After these publications from the thirties, the idea seems to
have fallen into oblivion again until the late fifties and early
sixties, when the idea was taken up again. And again, it
seems that the idea was rediscovered repeatedly and independently by a number of different authors. The beginning was made by Fritz Zwicky who included a discussion of
gravitational lensing in a few pages of his book on Morpho55
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logical Astronomy [25]. Two years later, Eddington’s 1920
book was republished in the U.S. [26]. The third discussion
of lensing in the late fifties was given by Charles G. Darwin
in a paper that grew out of a rather different context. Darwin
had looked at electronic orbits in Bohr’s theory in an earlier
paper from 1913 [27] and was now doing the same for orbits
in a Schwarzschild spacetime [28]. Also in 1959, the Soviet
astronomer Aleksandr Aleksandrovich Mikhailov published
a review of the various eclipse observations of light deflection, the data of which he had reanalyzed. This paper ends
with a concluding paragraph in which he mentioned the idea
of lensing as a principle alternative to the simple deflection
observations. He gives credit of this idea to “the oldest living
Soviet astronomer, Professor Tikhov” [29]. The year 1959
also saw the publication of a note by the astronomers Idlis
and Gredniava, published in Russian in the Proceedings of
the Astrophysical Institute of the Academy of Sciences of
Kasachstan [30]. In this paper, they discuss the distortion of
a background galaxy by a foreground galaxy as a method
to obtain information about the imaging galaxy. Remarkably, their argument pioneered what was later referred to as
“weak gravitational lensing”, although they did not mention
the possibility of a double image.
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[35] Joachim Wambsganss. Gravitational Lensing in Astronomy. Living Reviews in Relativity, lrr-1998-12, 1998. (revised 2001).

With papers by Sidney Liebes, Jr. [31] und Sjur Refsdahl
[32] in 1964 the idea of gravitational lenses entered into the
commonly shared body of knowledge of astronomers. Nevertheless, it took another fifteen years until the double quasar 0957 + 561A, B was identified in 1979 unambiguously
as the first instance of a double image of the same astrophysical object created by the gravitational lens effect [33].
The repeated rediscovery of the idea of gravitational lensing
separated by long periods of oblivion in the first half of the
twentieth century came to an end with the final awakening of
the effect in the mid-sixties when it became a standard item
in the astronomer’s theoretical toolbox to analyze unusual
observations. Gravitational lensing therefore is an interesting aspect of a larger phenomenon dubbed the “renaissance
of general relativity” in the sixties. The historical analysis of
this “renaissance” of one of the pillars of today’s theoretical
physics is the subject of an ongoing research project led by
Jürgen Renn at the Max-Planck-Institute for History of Science in Berlin [34].
After the first identification of a real gravitational lens, the
investigation of the effect has grown into a rapidly developing field of observational and theoretical research [35].
Even Einstein’s original idea of a temporary amplification in
star-star-lensing systems has been observed in the meantime. Even more: if the star that is acting as a lens carries a
planet, one can get information about the existence of the
planet by analysis of the light curve. The effect therefore
now represents an important method for the discovery and
exploration of exoplanets.
References
[1] Peter Schneider, J. Ehlers, and E. E. Falco. Gravitational Lenses. Berlin
etc: Springer, 1992.
[2] Virginia Trimble. The First Lenses. In T. G Brainerd and C. S. Kochanek,
editors, Gravitational Lensing: Recent Progress and Future Goals, ASP
Conference Series, Vol. 237, 2001, pages 1-13.

56

Communications de la SSP No. 50

Physicists in Industry (2)
In the second issue of our new series we ask the physicist Dr. Reinhard Czichy about the state of art of Optical Space Communication 1. His company near St.Gallen is an excellent example how SMEs can develop and produce high-tech products
for the international commercial space market with a small team of young engineers and experienced senior scientists.
BB

Optical Space Communication: Information Transfer from Point to Point
Reinhard H. Czichy (Synopta GmbH, St. Gallen)

1 Technology

ble Rf-systems. An optical “antenna” – a telescope – with a
diameter of several cm has the same gain as a Rf-antenna
with a diameter of several meters. The sensitivity of optical
receivers is about 63 dB higher than that of Rf-receivers
(1’064 nm vs. 30 GHz). All those points together allow to
design very compact and light weight optical space communication systems with low power consumption that have
multi-Gbps data transmission capability to transfer data
over distances of more than 42’000 km at 10-9 Bit Error Rate
(BER), for instance.

Q: What are the general advantages of optical space
communication?
RC: Optical space communication opens a new frequency
domain; a wavelength of 1 µm corresponds to a frequency
of about 299.8 THz. Optical communication, therefore, offers a bandwidth that is three orders of magnitude larger
than that of radio frequency (Rf) systems. Furthermore, the
optical frequency domain is not under regulation of the International Telecommunications Union (ITU) and, thus, is usable without complex international coordination processes.
Due to the shorter wavelength used optical space communication systems are considerably smaller than compara-

Q: Early systems like Teledesic comprising 840 satellites were proposed in the late 1990, but their realization
failed. What is different today?
RC: Teledesic was a commercial broadband Low Earth Orbiting (LEO) satellite
constellation designed in the early 90s for
internet services with global coverage. It
was scaled down in 1997 to provide the
same service with only 288 active satellites. The satellites were interconnected
by high data rate lasercom links. The concept of Teledesic was truly visionary and
far ahead of its time. When the “IT bubble”
burst in the early 2000, investors became
scared to invest in innovative IT systems
with ambitious business models. Then,
also certain key technologies were not yet
mature like high throughput satellite onboard processors or the entire lasercom
technology. This, however, changed 2001
when ESA provided the first 50 Mbps intersatellite link service between its geostationary ARTEMIS satellite and SPOT-4 of
CNES by means of the SILEX/PASTEL lasercom payloads. This successful demonstration triggered follow-on development
ESA Inter-Satellite Laser Links (Source: ESA)
The European Data Relay System (EDRS) is designed to transmit data between LEO programs aiming at further miniaturization
and significant data rate increase. Today,
satellites and the EDRS payloads in GEO using advanced lasercom technology.
Composed of a hosted payload (EDRS-A, launched January 2016) on a commercial high data rate lasercom links are fully optelecom satellite and a dedicated GEO satellite (EDRS-C), EDRS will dramatically in- erational in space, due to the technical
crease the speed of data transmission to the user on ground. The first two geostation- progress and the experience gained. Reary nodes relay data from LEO satellites to Europe, Africa and the Atlantic. GlobeNet, ality checks have also been made on the
the planned EDRS augmentation, will expand EDRS to global coverage by placing
business models taking into account new
satellites over other continents and oceans such as Asia, the Pacific and the Atlantic.
applications, but also reflecting the chalGlobeNet allows information gathered by LEO satellites and airborne platforms to be
sent anywhere on Earth in quasi-real time. It operates with high data rate lasercom lenges resulting from the global security
situation. It seems that the financial marinter-satellite relay links and lasercom downlinks to ground.
ket is now ready for corresponding invest1 http://www.sps.ch/artikel/progresses/optical-terminals-for-dataments, taking into account the technological maturity level
communication-in-space-3/
and the reshaped business models.
http://www.esa.int/Our_Activities/Telecommunications_Integrated_
Applications/Alphasat/Optical_Communication
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Q: Fiber optical systems already connect users between
continents. Where are typical applications of satellite
communication services?
RC: Satellite-based Rf-communications is optimum for
broadcasting applications from space to ground (TV broadcasting direct-to-home (DTH) or via teleports to the terrestrial fiber network), for point-to-point/point-to-multipoint connections, or for mobile applications (e.g. aircraft data links).
At locations without fiber access, in cases of crises and
natural disasters when the terrestrial infrastructure is destroyed satellite communications is often the only way left to
communicate with the outside world. Furthermore, satellite
communications is needed to download Earth remote sensing data from satellites to the users on ground. Remote remote sensing satellites collect today a vast amount of data
from multispectral cameras, radars, lidars or sounders 2,
for instance, used to monitor the Earth’s atmosphere or the
ground for climatology research, natural resource management, detection of environmental pollution, or for security
sensitive tasks. The data generated by those satellites have
to be provided to the user in real time - if possible - via geostationary relay satellites or via direct links to ground. Optical space communication will play here an increasing role in
future for high data rate relay links between satellites and for
links to ground stations, a typical point-to-point service. The
fiber optics network on ground is used only to connect the
satellite ground station with the final user.

Direct detection systems work with amplitude or pulse position modulation, for instance. They require complex narrow band optical filters to suppress background radiation.
Coherent detection systems have a highly efficient filter
function implemented due to their operating principle; the
received optical signal is phase modulated and interferes
with the light of a local laser oscillator. If the local oscillator
is kept precisely tuned to the frequency of the received light
and phase synchronized the received data are converted
to base band (homodyne system). In case the local oscillator operates at a different frequency the received signal
is downconverted to an intermediate frequency and has to
be further processed (heterodyne system). Coherent technology allows to build receivers with highest sensitivity and
extremely narrow spectral linewidth. Such receivers are not
blinded by sun-light, even if the sun appears within the field
of view when tracking the counter station, nor can they be
jammed by adversaries trying to disturb communications in
critical cases.
Q: What are the requirements for the technology?
RC: Due to the need for diffraction limited performance the
quality requirements for the optical systems of an optical
terminal and their long term stability (e.g. 15 years in-orbit
lifetime in GEO) are quite stringent. Furthermore, the small
beam divergence of optical terminals requires a rather precise pointing for the initial phase of open loop pointing and
acquisition of the counter station. Once the station is detected the terminals switches to a closed loop tracking mode
which is quite robust and can be disturbed only by longer
signal outages. Based on the operational experience gained
so far those issues are well manageable.

Synopta Transportable Adaptive Optical Ground Station
(T-AOGS)
The T-AOGS is a transportabel optical ground station with adaptive optics. The station is used for bi-directional coherent lasercom links with LEO or GEO satellites at data rates of up to 5.6
Gbps. The T-AOGS is the first European optical ground station that
operates with adaptive optics to compensate for atmopheric seeing effects. The T-AOGS Optics Container (OCO) houses the Tx-/
Rx-telecope with its pointing system, the optical equipment used
for beam forming, and the control and communication electronics.
The Operator Container (OPC), a standard 20 ft container, can be
placed up to 30 m distant from the OCO and comprises the control
room for the operator and a separate compartment to house the
OCO for transportation.

Synopta Coarse Pointing Assembly (CPA)
A CPA is a two-mirror pointing mechanism with hemispherical
coverage for precise beam steering of lasercom terminals. During acquisition phase it is used open-loop to direct the lasercom
terminal beam towards the counter terminal, in tracking phase it
operates closed-loop controlled following its link partners orbital
trajectory. The CPA135 shown above has a beam diameter of 135
mm, the induced wavefront error is < 25 nm rms. The angular velocity is > 25°/sec, the pointing error is < 30 μrad rms, and the
position jitter < 2 μrad rms.

Q: The laser link is the carrier of the information flow.
What special kind of modulation do you use?
RC: As for Rf-communications it is possible to have direct
detection systems (comparable to an AM radio), but also
coherent detection systems, as used in FM radio receivers.

2 Personal Impressions
Q: What were typical highlights?
RC: Of course, every space project successfully completed
is a highlight. Such projects last usually 3 to 4 years from

2 Sounders make passive measurements of the distribution of IR or
microwave radiation emitted by the atmosphere from which vertical profiles
of temperatures or humidity through the atmosphere may be obtained.
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practical engineering experience in a commercial high tech
company. The experience made will help later in the space
branch for the evaluation of customer requirements, for the
assessment of feasibility, and for the development of realistic, cost efficient solutions.
Physicists have a wide spectrum of opportunities in the
space domain, be it in technology development, instrument
design, application development, or in scientific research,
both in industry and academia. They might be involved in
Earth observations, astronomy, space science, navigation
and communication systems, space situational awareness,
or in the design of complex satellite missions to the limits of
our universe. Space research and all its applications offer a
vast amount of opportunities to those that like to be faced
with challenges and feel excited in exploring the unknown.

Reinhard Czichy made his Diploma in Physics at the Optical Institute of the Technical University
Berlin. After initial years in optics
industry and research he joined
MBB Space (Munich) in 1982,
where he was responsible for the
development of the first European CCD star sensor for the German X-ray satellite ROSAT. Later, he worked for 8 years at ESA/
ESTEC (Noordwijk) in charge
of technology programs supporting the SILEX lasercom project. Having joined Contraves Space (Zurich)
in 1995 he formed a systems engineering department
that started the development of miniaturized lasercom
terminals and space radiation environment monitors.
In 1998 he was appointed by Lockheed Martin Corp.
(Bethesda), as Vice President Business Development
in Europe. In 2004 he founded Synopta GmbH (St.Gallen).
1992 he submitted his Dissertation about ‘Hybrid Optics for Space Applications’ at the University of Neuchâtel, Prof. Dr. René Dändliker.

3 Outlook
Q: How do you see the role of optical space communication within the next 5 to 10 years?
RC: The use of the optical frequency domain is the only
way to open new resources for the development of new,
bandwidth–hungry real time applications in the field Earth
observation, environmental monitoring, and security related
space services. It has taken over 35 years of development
to mature the early concepts of optical space communications, to develop laser sources with sufficient lifetime and
reliability, to identify and master the key challenges and, finally, to demonstrate the operational use in space. Today,
we are at the beginning of the commercialization. The next
years will be devoted to the tuning of performance features
and to cost reduction. Optical space communications will
complement the Rf-based communications in areas where
bandwidth and unrestricted, secure operations is mandatory. I have no doubt that such development will take a fast
growing momentum within the years to come.

start of the design phase until delivery of the first flight hardware. To know that an instrument or a satellite is successfully operating in space for years is very rewarding. To see
the flawless operations of our Synopta CPAs on the EDRS
and the Sentinel satellites of ESA is a great experience.
One particular highlight was the win of the proposal for the
Celestri/Teledesic Lasercom Terminals (LCTs) in 1998 during my time at Contraves Space, Zurich. I was responsible
for the systems engineering department that was in charge
of new technology programs such as lasercoms. Having
formed a team with Bosch Telecom at this time we were
competing with the leading companies from France, the US,
Canada and Japan. We were selected due to our superior
LCT design (coherent system) which offered significant operational advantages to the operator, due to our sound development and production plan, and due to the great, visionary support of our corporate leadership at this time. Having
worked now for about 30 years in the development of space
laser communications it was a particular great moment for
me when ESA announced the start of operational laser relay service on 1 June 2016 after the first Sentinel-1 satellite
radar image was sent via EDRS to ground. It was worth the
time spent, finally.

Synopta GmbH was founded in 2004, first as a consultancy and engineering firm. Few years later the
company was awarded with hardware development
contracts. Today, Synopta has four product lines complementing the consultancy and engineering activities: precision pointing system (Fine Pointing Assembly (FPA), Coarse Pointing Assembly (CPA)), optical
ground stations, communication systems, and metrology systems. So far, Synopta has delivered five
CPA Flight Models (FMs) of which three already are
successfully operating in space. Up to ten more will
be produced within the currently running production
order. A transportable Optical Ground Station (OGS)
with adaptive optics was delivered in 2014. It operates
currently on the Canary Islands supporting the European Data Relay System (EDRS) for 5.6 or 1.8 Gbps
uplink/downlink. A contract for the upgrade of a stationary OGS with adaptive optics was just signed. In
addition, Synopta produces coherent communication
receivers, differential image motion monitors (DIMMs),
and industrial test instruments.

Q: Do you recommend young physicists to work in
space technologies?
RC: The development of space systems and the associated
technologies are certainly a very challenging field and I can
wholeheartedly recommend such professional direction for
a young physicist if the candidate is ready for interdisciplinary system development, likes to work in international engineering teams, is willing to travel, and is ready to walk the
extra mile to get things done better than any competitor. In
any case I would suggest to gain beforehand some years of
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LISA Pathfinder: first results
Philippe Jetzer, Physik Institut, Universitä̈t Zü̈rich, Winterthurerstrasse 190, CH-8057 Zü̈rich
LISA Pathfinder (LPF) is a European Space Agency (ESA)
mission launched on 3 December 2015 from the European
Spaceport in Kourou, French Guiana with a Vega rocket
(Fig. 1). Following six apogee-raising manoeuvres, the
spacecraft reached its final science orbit around the first
Sun-Earth Lagrange point L1, 1.5 million km from Earth, on
22 January 2016 (Fig. 2).

test masses will consist, similarly to LPF, of cubes of about
2 kg weight, housed in separate spacecrafts several million
km apart. Indeed, the present design of LISA is aiming at
a distance between the spacecrafts in the range of 1 to 5
million km.
The LISA Technology Package (LTP) is the main payload
onboard of LPF, which was developed jointly by several
European institutes and industries. It contains two identical cubic test masses of 1.9 kg and 46 mm in size made
of gold-platinum, each suspended in its own vacuum vessel, capacitive sensors to monitor the relative position of the
test masses with respect to the satellite, laser interferometry
to determine the relative positions and attitudes of the two
test masses, and the drag-free control system to adjust the
relative alignment of the satellite and test masses through
a mixture of micro-Newton (cold gas) thrusters and capacitive actuation. The cubes serve both as mirrors for the laser
interferometer and as inertial references for the drag-free
control system of the spacecraft, exactly as will be used for
LISA. The LPF drag-free control system onboard the spacecraft monitors the micro motions of the test masses. When
one of the test-masses moves away from its reference position, a signal is sent to the control system which activates
the micro-propulsion thrusters to enable the spacecraft to
remain centered on this test mass. The second test mass
is made to follow the first by control forces applied via the
capacitive actuator (Fig. 3).

Fig. 1: Liftoff of Vega VV06 carrying LISA Pathfinder on 3 December 2015 from Europe's Spaceport, French Guiana.
© ESA–Stephane Corvaja, 2015

LPF goal is to place two test masses in a nearly perfect
gravitational free-fall, and control and measure their relative
motion with unprecedented accuracy, at the level required
for a future space-based gravitational wave (GW) observatory, such as LISA. This requirement is achieved through
innovative technologies comprising inertial sensors, an optical metrology system, a drag-free control system and microNewton thruster system. All these technologies are not only
essential for LISA, but they are also of crucial relevance for
any future space-based test of Einstein’s General Relativity (GR). Much of the experiments in gravitational physics
require measuring the relative acceleration between freefalling, geodesic reference test particles. For instance, in
lunar laser ranging experiments, the test particles are the
Earth and the Moon. In Earth-based gravitational wave
measurements, the test particles are the pendulum-suspended mirrors of a Michelson interferometer. For LISA, the

Fig. 3: At the core of LISA Pathfinder there are two test masses: a
pair of identical 46 mm gold-platinum cubes, floating freely, several
millimeters from the walls of their housings. The cubes are separated by 38 cm and linked only by laser beams to measure their
position continuously. ©: ESA/ATG medialab

The precise inter-test-mass tracking is achieved by optical
interferometry and determines the relative acceleration of
the two test masses. This configuration mimics one arm
of LISA by shrinking the million kilometer scale arm-length
down to only 38 cm, the distance of the two test masses
in LPF. The primary mission performance requirement is to
track, using picometer resolution laser interferometry, the
two test masses nominally in free fall, and to show that their
relative acceleration, at frequencies around 1 mHz, is within
one order of magnitude of that required by a future LISA mission. For that purpose the aim of LPF consists of measuring

Fig. 2: Artist’s impression of LISA Pathfinder, which operates at
about 1.5 million km from Earth towards the Sun, orbiting the first
Sun-Earth Lagrangian point, L1. ©: ESA–C.Carreau
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tary to the onboard LTP technology with dedicated control
electronics.

and developing a physical model for all the spurious effects
that limit the ability to create, and measure, the perfect constellation of free-falling test particles needed for LISA.

On 22 February 2016 the two cubes housed in the LPT
of LPF were left to move under the effect of gravity alone,
and one day later the spacecraft’s main operating mode
was switched on for the first time. The LPF scientific mission started officially on 1 March. Based on only 55 days of
science operations LPF could already demonstrate that the
key technologies needed to build a space-based GW observatory are properly working [1]. It turned out that the two
test masses are freely falling under the influence of gravity
alone, unperturbed by other external forces, to a precision
more than five times better than originally required. The two
cubes are almost motionless with respect to each other,
with a relative residual acceleration lower than 10−14 g, with
g being Earth’s gravitational acceleration. For the remaining forces acting on the test masses, three main sources
of noise, depending on the frequency, were identified (see
Fig. 4).

The LTP was built by a consortium of European space companies from France, Germany, Great Britain, Italy, Netherlands, Spain and Switzerland led by the industrial partner
Astrium GmbH (an EADS company), Friedrichshafen, Germany. Switzerland contributed in a significant way to the
mission. Since 2003 scientists from ETH and University of
Zü̈rich are actively involved in the project. The ETH Zürich
group of Domenico Giardini, professor of seismology and
geodynamics, with the engineers Peter Zweifel and Davor
Mance, working with RUAG Space, developed the electronics for the measurement and control of the detection device
that ensures that the cubes float freely inside the spacecraft. The other swiss industries involved are APCO, based
in Aigle, who provided mechanical ground support equipment; HES-SO Valais-Wallis performed tests on electronic
elements, and RUAG Space also provided the rockets payload fairing. My group at University of Zü̈rich is particularly
involved in theoretical investigations, such as the study of
the GW waveforms expected from different astrophysical
sources, in particular from the coalescence of supermassive black holes, within the framework of GR or alternative
theories. The results of these studies are of direct relevance
for the design of the LISA mission.

At the lowest frequencies accessible to the experiment, below 1 mHz (on the left on the graph in Fig. 4), one measures a small centrifugal force acting on the cubes, which is
caused by a combination of the shape of LPF’s orbit and the
effect of the noise in the signal of the startrackers used to
orient it. In the graph (Fig. 4) the contribution of the centrifugal force to the relative acceleration of the two test masses
has been subtracted. Further investigations are under way
to better identify the source of the residual noise after subtraction.

The second payload package, the Disturbance Reduction
System (DRS), was developed in the United States by JPL
(Jet Propulsion Laboratory) under the leadership of NASA.
It provides a system of micro-Newton thrusters complemen-

Fig. 4: © spacecraft: ESA/ATG medialab; data: ESA/LISA Pathfinder Collaboration
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At frequencies in the range 1 - 60 mHz (at the centre of the
graph in Fig. 4), the control over the test masses is limited
by gas molecules bouncing off the cubes: a small number
of them remain in the surrounding vacuum. This effect was
seen to be reducing as more molecules were vented into
space, and it is expected to lower further in time.

in the mHz frequency range. Moreover, it will be possible to
detect or put strong constraints on the primordial GW background, which is just, as the cosmic microwave background,
a leftover from the Big Bang.
On 14 September 2015 the two LIGO detectors simultaneously observed a transient gravitational wave signal, which
has been interpreted as due to the merger of two black
holes with masses of about 36 M and 29 M, respectively.
This being the first direct detection of GW [3], which was announced last 11 February. In the data of the first Advanced
LIGO run at least one more GW event has been found [4, 5].
The year 2016, 100 years after Einstein’s first paper on GW
as a consequence of his theory of General Relativity [6, 7],
has thus seen dramatic advancements in the field of GW. It
is likely that given these developments, the discovery of GW
and the impressive performance of LPF, the launch of the
LISA mission could be anticipated by some years.

At higher frequencies, between 60 mHz and 1 Hz (on the
right of the graph in Fig. 4), LPF’s precision is limited only
by the sensing noise of the optical metrology system used
to monitor the position and orientation of the test masses.
Nicely, the performance of this system has already surpassed the level of precision required by a future gravitational-wave observatory by a factor of more than 100. The
scientific operations of LPF will continue until 31 May 2017..
The demonstration of the LPF’s key technologies opens the
door to the development of LISA, which will be capable of
detecting gravitational waves emanating from a wide range
of objects in the Universe. In November 2013 ESA has selected The Gravitational Universe [2] as the science theme
to be explored by ESA’s Large class mission L3. The suggested realization of the L3 mission is, after the success
of LPF, certainly LISA, which at present is scheduled to be
launched in 2034. The scope of LISA is to detect and study
low-frequency GW from about 0.1 mHz to 1 Hz, and thus
to complement ground-based gravitational observatories.
LISA opens new possibilities for astrophysical studies by
allowing, for instance, to detect supermassive black holes
(typically of 106 - 107 M) merging at cosmological distances. Mergers of a supermassive black hole with another compact object (such as another black hole or a neutron star)
produce a very clean GW signal which LISA will be able
to measure with high precision. Alternative gravity theories
influence the dynamics of such mergers and hence LISA
is expected either to directly see the imprints of certain alternative theories or to put severe constraints on them. Another class of objects, which will be observed by LISA, are
ultra-compact binaries, in particular of white dwarfs in our
Galaxy. They are important sources of gravitational waves
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Physik und Gesellschaft
Vor 2 Jahren haben J. P. Blaser und A. Pritzker einen Artikel in den SPG Mitteilungen Nr. 44, Sept 2014 präsentiert mit dem
Titel: "Energiepolitik, wo ist die Stimme der Physiker?" Obwohl die dort vorgestellten Ausführungen nicht von allen Lesern
geteilt wurden, gab es erstaunlicherweise keine Gegenstellungsnahme. Im folgenden Artikel des Photovoltaik-Experten
Ernst Bucher wird nunmehr auf den Blaser/Pritzker Artikel kritisch eingegangen, und es werden die Vorzüge sogenannter
erneuerbarer Energietechnologien im Zusammenhang mit dezentralisierten Speichervarianten erläutert.
BB

Regenerative Energien
Ernst Bucher, Kreuzlingen
J. P. Blaser und A. Pritzker (BP) unterziehen die Energiesituation der Schweiz einer interessanten kritischen Analyse im
Falle des Ausstiegs aus der Kernenergie. Schon zu Beginn
der 80er Jahre wurde der Ausstieg als "Energiepolitische
Geisterfahrt" bezeichnet (Michael Kohn). Nach Chernobyl

und Fukushima allerdings würden viele eher den Weiterbetrieb der AKWs so bezeichnen. Der Artikel von BP hat bisher keine Replik erfahren. Meiner Lesart zufolge ist er ein
verdecktes Plädoyer zur Fortführung der AKW Technologie
und malt uns eine düstere Szene vor bei ihrem Ersatz durch
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Erneuerbare. Es ist interessant, dass die Analyse korrekt
ist, nur komme ich als Fachmann für Erneuerbare zu grundsätzlich anderen Schlüssen.

vom SHJ in das WHJ. Ich vermisse darin die Verschiebung
der Energiemengen, denn das ist relevanter, da die Energieernten verschiedener Primärenergieträger sehr unterschiedlich sind: AKW: ca. 7.9 kWh/Wy (90%), PV: ca. 1.2
- 2.0 kWh/Wy, (davon 70% im SHJ und 30% im WHJ für
unsere Breitengrade) und Wind je nach Windverhältnissen
ca. 1.8 - 4 kWh/Wy 1.
Wir werden nach der Energiewende drei Typen von Energieproduktionen haben: a) eine konstante Grundversorgung
z.B. durch Wasserkraft, b) eine hinreichend schnell schaltbare Grundlast z.B. durch Pumpspeicherkraftwerke, Gasturbinen mit Minutenschaltzeiten oder Batteriespeicher mit
10 - 20 ms Schaltzeiten: Letztere ist leider noch zu teuer, da
die gespeicherte kWh bei etwa 0.40 SFr. liegt , was sich derzeit nur betuchte Private oder finanziell reiche Unternehmen
leisten können, um autark zu sein. Mit der durch Massenfabrikation zu erwartenden Kostendegression wäre auch
hier eine Senkung in einigen Jahrzehnten auf ein Drittel zu
rechnen, wie uns die PV gelehrt hat. Und letztlich wird c) die
dritte Komponente eine variable Produktion durch Wind und
PV sein, sowohl von grösseren Anlagen von Energieunternehmen als auch von privaten Einspeisern. Mehr und mehr
moderne Bauten erzeugen bereits jetzt mehr Energie als
sie verbrauchen und werden so zu kleinen Kraftwerken. Der
Verbrauch der erzeugten Energie vor Ort ist ökonomisch
am günstigsten und reduziert die Netzbeanspruchung. Die
vor Ort erzeugte und verbrauchte PV kWh kann heute für
weniger als 0.08 SFr./kWh erzeugt werden, also etwa der
Hälfte eines AKWs, was sie für Unternehmen, die Energie
nur tagsüber benötigen, besonders attraktiv macht.

Abschied von der Kernenergie
Es gibt handfeste Gründe für den Ausstieg aus der Nuklearenergie, die uns Chernobyl und Fukushima gelehrt haben:
Die langfristigen Konsequenzen im Falle eines GAUs (es
gibt eben kein Nullrisiko), die offenbare Unlösbarkeit der
Entsorgung radioaktiver Abfälle, und die ethische Verantwortung gegenüber künftigen Generationen. Dann die Kosten, die bei einem ähnlichen GAU in der Schweiz sich im
Bereich von 500 - 10 000 Milliarden SFr. bewegen würden,
die Nichtversicherbarkeit der AKWs und ihre Anfälligkeit
gegen Terrorismus oder Erdbeben, die ungleich grösser
ist als bei dezentraler Versorgung durch Erneuerbare, und
schliesslich die enormen Kosten des Rückbaus. Aber zuguterletzt auch aus ökonomischen Gründen, da die kWh von
Erneuerbaren heute bereits 2-3 mal weniger kostet als die
Kernenergie und ihr Preis weiter fallen wird, während der
Preis der Nuklearenergie steigen wird, was letztlich die ganze ökonomische Krise der AKWs als auch der anderen wie
Wasserkraft heraufbeschworen hat und uns zum Umdenken zwingen wird. Mühleberg und Beznau wird man deshalb in Bälde aus rein wirtschaftlichen Gründen abschalten
müssen, das wird weitere ideologische Grabenkämpfe verhindern.
Alternativenergien
Eine Vision ohne AKWs mit nur Erneuerbaren ist jedoch
nicht trivial. Es bedarf sehr vielfältiger Kenntnisse in vielen
Bereichen wie Photovoltaik (PV), Windenergie, Geothermie, Biomasse, Elektrochemie, Ressourcen, Netzwerkanalysen und deren Simulationen, Ökonomie, etc. In vielen Bereichen muss ich mich auf die Expertise von Fachkollegen
verlassen.
Ich stimme in der Analyse mit BP überein, dass das Hauptproblem in der Energiespeicherung liegt, da wir im Sommerhalbjahr (SHJ) eine Überproduktion haben und das
Doppelte der Kernenergiejahresproduktion exportieren (siehe BfE Energiestatistik 2014 und 2015, Tabelle 3, Elektrizität), um diesen Betrag im Winterhalbjahr (WHJ) wieder
zu importieren. Wir müssen daher das Defizit im WHJ aus
der Überproduktion im SHJ speichern. Die Lösung dieses
Problems ist der einzige Schlüssel zur Energiewende. Eine
Erschwernis in dieser Diskussion ist eine grundsätzliche
Abkehr von der bisher rein zentralen Energieversorgung
zu stark dezentraler Energieversorgung, mit der wir noch
wenig Erfahrung haben, zudem mit der fluktuierenden Energieversorgung durch PV und Wind, die in vielen Kreisen
Ängste vor Netzinstabilitäten hervorruft. Allerdings werden
die Befürchtungen durch die Erfahrungen von Ländern oder
Gegenden mit sehr grossem Anteil Erneuerbaren und durch
Simulationsrechnungen stark gedämpft. Schweden etwa
hat einen Anteil von 52% von Erneuerbaren ohne jegliche
Netzprobleme, ebenso Deutschland mit grossem Wind- und
PV Anteil.

Photovoltaik und Windenergie
Im Folgenden untersuche ich die Möglichkeit, die AKWs
durch PV allein zu ersetzen. Im SHJ sind sie verzichtbar,
wie aus der Energiebilanz des BfE hervorgeht. Im WHJ
sind 11 TWh durch PV im SHJ zu ersetzen (Statistik von
2015) und zu speichern. Eine leistungsfähige PV Anlage
erzeugt 200 W/m2, d.h. 170 kWh/m2 im SHJ, woraus sich
eine Kollektorfläche von 64 km2 ergibt, das sind 12% der
Dachflächen der Schweiz. Das Abrufen der durch die PV
im SHJ erzeugten und gespeicherten 11 TWh im WHJ ist
mit Verlusten verbunden. Pumpspeicherwerke haben z.B.
eine Effizienz von etwa 70%. Die von der PV im WHJ produzierten 30% [von 11 TWh] könnten somit zur Kompensation der Speicherenergiekosten verwendet werden. Für
die Windenergie sieht es wesentlich günstiger aus, schon
weil die Energieernte höher liegt, auch nachts möglich ist
und zudem im WHJ etwas höher liegt, im Gegensatz zu PV:
Eine 3 MW Turbine (Durchmesser 100 m) erzeugt ca. 5.4
Mio kWh/y. Für den Ersatz von 5,5 TWh sind 1900 3 MW
Turbinen nötig. Zwischen den Rotoren ist eine Distanz von
fünf Rotordurchmessern einzuhalten für eine optimale Energieernte, woraus sich eine Fläche von maximal 460 km2 ergibt. Da es sich in der Realität um viele kleinere Windparks
handeln wird, ist diese Fläche weit überschätzt. Für eine
einzelne 3 MW Turbine würden nur ca. 4000 m2 benötigt. Da

Leistungs- und Energiebilanzen
Die Versorgungssicherheit hängt von zwei wesentlichen
Faktoren ab: 1) der Leistungsbilanz in jedem Moment (Verbrauch = Produktion) und 2) der Energiebilanz, d.h. der Verschiebung der Sommerüberschüsse in das WHJ. Im Artikel
von BP ist nur die Rede von der Leistungsverschiebung
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1 Da AKWs ähnlich wie andere Primärenergieerzeuger (Gas-, Wasserund Kohlekraftwerke, Geothermieanlagen) rund um die Uhr laufen, ist
die Angabe der mittleren Betriebsdauer im Jahr ein sinnvolles Mass für
die Energieernte. Bei AKWs ist die Energie, die maximal geliefert werden
kann, übers Jahr gemittelt zu 90% verfügbar. Man drückt dies in der Einheit
1 W · 1 Year = 8.76 kWh aus und kommt bei AKWs somit zur Kennzahl
von 7.9 kWh = 0.90 · 1 Wy. Bei der Windenergie schwankt in der Schweiz
der Verfügbarkeitswert zwischen (21 - 46) % und bei der PV zwischen (14
- 23) %.
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die Energie in der Höhe geerntet wird, ist die Grundfläche
gleichwohl zu fast 100% nutzbar. Das Windpotential wird in
der Schweiz weit untergenutzt. Es besteht wohl kein Zweifel, dass die AKWs problemlos durch einen Mix von Wind
und PV ersetzt werden können. Die Frage ist nun, wie sie
gespeichert wird? Für die Speicherung wären Pumpspeicherkraftwerke besonders geeignet. Die Kapazität könnte
um einen Faktor 3-4 erhöht werden. Die Erfahrung mit dem
neuesten GW Pumpspeicherwerk Linth-Limmern (Muttsee,
Glarus) würde das Speicherproblem zu einem grossen Teil
lösen.
Allerdings existieren hier auch ökonomische Limiten. LinthLimmern kam auf 2.1 Mia SFr. zu stehen und seine Rentabilität wird bereits in Frage gestellt. Wir werden uns auch
daran gewöhnen müssen, dass der Ausstieg aus der Kernenergie nicht zum Nulltarif zu haben ist. Sicherheit kostet
auch immer etwas! Wir sollten hier auch an eine Vernetzung
mit anderen Alpenländern (A, F, I) denken, die ebenfalls für
diese Speichertechnologie privilegiert sind.

Dezentrale Energiespeicher
Die Stromproduktion in der Schweiz verändert sich.
Neben der zentralen Produktion in Grosskraftwerken
erzeugen immer mehr Endkunden eigenen Strom, vor
allem mit Photovoltaik-Anlagen. Diese Anlagen werden auch immer mehr mit Batteriespeichern kombiniert. Das Power Systems Laboratory der ETH Zürich
hat im Auftrag des Vorstandes der SATW untersucht,
wie und wo dezentrale Speichersysteme sinnvoll eingesetzt werden könnten.
http://www.satw.ch/publikationen/satw_news/4_16/
speicher/index
Soziale Akzeptanz
Das Problem liegt nicht nur in der Technologie, sondern
auch in der weitverbreiteten Opposition und Uneinsichtigkeit diverser Umwelt- und Naturschutzverbände, die gegen jede Windturbine, jedes PV Kraftwerk und die Nutzung
weit entlegener unbewohnter Täler für Pumpspeicherwerke
Sturm laufen. Wir werden die AKWs nicht abschalten können, ohne etwas zu ändern. Es wird auch ihre vermehrte
Kooperation erforderlich sein. BP haben auch die staatliche
Förderung von neuen Technologien beanstandet. Sie stellen Investitionsbarrieren dar, welche die meisten Industrien
nicht übernehmen wollen. Es gab einst gloriose Zeiten vor
50-60 Jahren, als die Industrien (GE, IBM, AT&T, RCA, GD,
Westinghouse, etc ) neue Ideen weitsichtig finanzierten
und unterstützten. Diese Zeiten sind jedoch vorbei und wer
denn, ausser dem Staat, soll neue, mit Risiken behaftete
Ideen unterstützen? So sind auch die PV und andere Energien zum Erfolg geführt worden, und schliesslich auch die
Kernenergie mit vielen staatlichen Milliarden. Ich hoffe aber
mit diesen Zeilen zu überzeugen, dass die Energiewende keineswegs eine energiepolitische Geisterfahrt werden
wird, sondern ein entscheidender Schritt für eine ökologisch
bessere Zukunft ohne AKWs, die wir auch ökonomisch
problemlos schaffen werden, auch wenn noch einiger Forschungsbedarf zu bewältigen sein wird.

Dezentrale Speicher
Eine sehr interessante Alternative der Speicherung wurde
kürzlich in der TA Ausgabe vom 25. 8. 2016 vorgestellt, die
Speicherung von Strom durch chemische Speicher, vorab
durch Methanol, die zusätzlich auch CO2 neutral gemacht
werden kann. Dr. U. Weidmann (Silent-Power AG, Cham)
ist es gelungen, Methanol durch eine Gasturbine zu verstromen. Diese Kombination Strom - Methanol würde nahezu
ideal in die jetzige Infrastruktur passen. Die Energie würde
autark und dezentral gespeichert als Verbrennungsenergie
von Methanol durch die Synthese von CO2, z.B. gewonnen
aus der Luft, und H2, gewonnen aus der elektrolytischen Zersetzung von Wasser mittels nachhaltig produziertem Strom.
Beim konzentrierten Anfall von CO2 ist sie schon nahe der
Kostenparität. Die gespeicherten Methanolmengen könnten
im WHJ je nach Bedarf wieder als schaltbare Energiequelle
verstromt werden. Diese Technologie wäre auch im Kleinen verwendbar und würde das Energiespeicherproblem
stark entschärfen durch Dezentralisieren. So würden viele
Haushalte und Unternehmen energieautark. Eine weitere
Möglichkeit ist die thermische individuelle Speicherung in
Form von Heisswasser. Der Solarstrom ist so billig geworden, dass er die thermischen Kollektoren verdrängt hat. Er
kann auch das Erdreich als Speicher nutzen und im SHJ
Wärme in tiefe Schichten pumpen, die im WHJ wieder hochgepumpt werden können, wobei eine kWh bis zu 3 - 4 kWh
Wärme hochpumpen kann. Die Dämpfungslängen für tägliche Perioden betragen 5 cm, für Jahresperioden ca 1 m 2.
Da die Haushalte ca 1/3 des Energieverbrauches ausmachen, wovon der grösste Teil im WHJ verbraucht wird durch
Heizen, lässt sich das Speicherproblem weiter entschärfen
durch Dezentralisierung der Versorgung, und um mindestens 20 - 30% reduzieren.

Danksagung
Ich danke herzlich meinem ehemaligen Doktoranden, Prof.
Dr. Franz Baumgartner, ZHAW Winterthur, für zahlreiche informative Gespräche.
Ernst Bucher (* 1934 in Zürich) gilt als Pionier im
Bereich der Solarforschung. Er wurde 1974 Ordinarius für Angewandte Festkörperphysik an der Universität Konstanz, wo er 2002 emeritiert wurde. Zwischen
1978 und 1994 war er dort zudem Leiter des Zentrums
II für Solarenergie. Er untersuchte unter anderem in
einem langjährig angesetzten Screeningprogramm die
Eignung unkonventioneller Halbleitermaterialien für
die thermoelektrische und photovoltaische Energiekonversion. Das Ergebnis zeigte jedoch, dass Silizium unschlagbar ist. 1992 wurde er Fellow der American Physical Society. Am 20. April 2013 wurde Ernst
Bucher mit dem Verdienstorden des Landes BadenWürttemberg ausgezeichnet.

2 Temperaturwellen sind exponentiell gedämpfte Sinuswellen mit starker
Dispersion sowie örtlichen und zeitlichen Phasenverschiebungen. Die
Dämpfungslänge ist die Reichweite, bei der die Amplitude auf den e-ten
Teil abgeklungen ist, d.h noch 36. 8 % der Ausgangswelle beträgt.
Diese Dämpfung ist stark frequenzabhängig. Von der Erdoberfläche her
gesehen, ist sie identisch mit der Eindringtiefe einer Temperaturwelle, aber
man erzeugt sie ja beim Speichern in der Tiefe. Man muss die Energie tief
genug speichern, damit keine biologischen Störungen auftreten können.
(Wurzelwerk von Bäumen und alles mögliche von Erdreichbewohnern). Ich
denke mit > 50 m ist man auf der sicheren Seite.
64

Communications de la SSP No. 50

SATW TecDays
Eine der wichtigsten Aufgaben unserer Gesellschaft ist zweifelsohne die Nachwuchspflege im naturwissenschaftlich-technischen Bereich. Wie lassen sich bei Jugendlichen nachhaltige Begeisterung und Selbstvertrauen für zukünftige Herausforderungen wecken? Die SATW TecDays praktizieren dies seit geraumer Zeit in bewundernswerter Art, in dem sie Schülerinnen und Schülern an Gymnasien Informationen über nahezu alle Gebiete der Technik und Naturwissenschaft aus erster
Hand vermitteln. Im typisch Schweizerischen Milizsystem machen als Referenten alle mit, vom Nobelpreisträger, dem
Swiss Captain bis zur Jungingenieurin. Wir Physikerinnen und Physiker sind gut beraten, uns weiterhin und sogar noch
stärker einzubringen. Denn es könnten Ihre Töchter oder Söhne sein, oder –in special cases- bereits schon Ihre Enkel.
BB

SATW Tecdays, in zehn Jahren von Genf bis nach Davos
Beatrix Huber, Béatrice Miller

Was 2007 in der Deutschschweiz begann, gibt es nun in der
ganzen Schweiz – von Genf bis Davos und von Lugano bis
Basel. 2012 lancierte die SATW die so genannten TecDays
erfolgreich in der Romandie und 2014 im Tessin. In den letzten zehn Jahren fanden TecDays an über 40 verschiedenen
Gymnasien mit über 30‘000 Schülerinnen und Schülern und
rund 4000 Lehrpersonen statt.

tern mitzumachen, denn Studien belegen, dass weibliche
Rollenmodelle für die Mädchen sehr wichtig sind, damit sie
sich in männlich dominierte Ausbildungen und Berufsfelder
wagen.
Modulverantwortliche gesucht
Wer als Referentin oder Referent Jugendliche für technisch-naturwissenschaftliche Disziplinen begeistern
möchte, ist herzlich willkommen.
Kontakt: belinda.weidmann@satw.ch

Jugendliche begeistern
Bei den TecDays dreht sich einen Tag lang alles um Technik
und Naturwissenschaften. Die Schülerinnen und Schüler
des Gymnasiums besuchen anstelle der normalen Lektionen Module ihrer Wahl und kommen dabei mit Persönlichkeiten aus Forschung und Industrie intensiv ins Gespräch.
Die TecDays sollen auf interaktive Weise den Zugang zu
technisch-naturwissenschaftlichen Disziplinen erleichtern,
das Interesse wecken und Einblick in den Berufsalltag geben.

Umfeld einbeziehen
Im Berufswahlprozess von Jugendlichen spielt auch die Familie eine wichtige Rolle. Deshalb führt die SATW bei einigen Gymnasien neben einem TecDay auch eine TecNight
durch. Neben den Schülerinnen und Schülern sind auch
deren Familien und die Bevölkerung aus der Region eingeladen. In drei Zeitfenstern à 45 Minuten können Jung und Alt
am Gymnasium einen spannend-vergnüglichen Abend verbringen. Auch Sie sind an die nächste TecNight zusammen
mit Familie, Bekannten und Freunden eingeladen.
TecNight
Donnerstag, 8. Dezember 2016, ab 18:30 Uhr,
Kantonsschule Wohlen
Eintritt frei, Programm unter www.tecnight.ch
Kommen Sie, Ihre Familie und Ihre Bekannten mit auf
eine spannende und vielfältige Reise in die Welt von
Technik und Naturwissenschaften! Mit über 40 verschiedenen Referaten und Science Talks!

Selber ausprobieren, messen und konstruieren bereitet den Schülerinnen und Schülern an den TecDays besonders viel Freude.
Bildnachweis: SATW / Meier

TecNight – eine spannende Reise in Technikwelten
Technik ist heute überall präsent. Oft sind wir uns dessen
gar nicht bewusst – bis die Technik nicht mehr funktioniert.
An der TecNight möchte die SATW alle Interessierten auf
eine spannende Reise in die Welt von Technik und Naturwissenschaften mitnehmen. Dazu werden 41 Referate zu
allen möglichen Themen angeboten. Die Referate dauern
jeweils 45 Minuten und finden in drei Zeitfenstern statt:
19:00 | 20:00 | 21:00. Bereits um 18:30 wird Regierungsrat
Alex Hürzeler die TecNight eröffnen.
Alle Interessierten sind herzlich eingeladen und der Eintritt
ist kostenlos.

In allen Landesteilen kommen die TecDays nach dem gleichen Konzept gleich gut an: Jeweils 80 bis 90 Prozent der
befragten Schülerinnen und Schüler bezeichnen den TecDay als gut oder sogar sehr gut. Zudem haben die TecDays an vielen Gymnasien Nachfolgeaktivitäten ausgelöst,
beispielsweise Veranstaltungsreihen und Technikwochen.
Auch möchten viele Gymnasien in jeder Schülergeneration
mindestens einen TecDay durchführen.
Wegen des anhaltenden Erfolgs möchte die SATW die
TecDays ausbauen. Dazu benötigt sie zusätzliche Referierende. Insbesondere Frauen möchte die SATW ermun65
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Gravitationswellen
Gemeinsames SPG - PGZ Symposium, Samstag 26.11.2016, 9:30 – 13:00, Universität Zürich,
Hörsaal KOH‐B‐10, Rämistrasse bei 71, 8092 Zürich.
Hörsaal Lage: https://www.plaene.uzh.ch/KOH
Es ist mittlerweile schon Tradition, dass die Zürcher und die
Schweizerische Physikalische Gesellschaft alle zwei Jahre
ein gemeinsames Symposium in Zürich abhalten, das sich
thematisch an ein breites, wissenschaftlich interessiertes
Publikum richtet. Vergangene Veranstaltungen waren beispielsweise dem 150. Jahrestag der Maxwell-Gleichungen
und der Allgemeinen Relativitätstheorie gewidmet.

und seit anfangs März 2016 haben die wissenschaftlichen
Untersuchungen begonnen.
Erste Resultate von LISA Pathfinder haben bereits gezeigt
dass das Konzept erfolgreich ist und dass die nötige Präzision erreicht werden kann.
Laserinterferometrie im Weltraum - von schwarzen
Löchern bis zum Grundwasser

Als Thema der kommenden Veranstaltung wurde Gravitationswellen gewählt, die angesichts ihrer jüngsten experimentellen Entdeckung durch die LIGO Kollaboration, aber
auch durch die erfolgreichen Tests des LISA Pathfinder
Raumschiffs weltweit für Aufsehen gesorgt hatten. Die drei
Referenten des Symposiums, die Mitglieder des LIGO beziehungsweise des LISA Konsortiums sind, werden uns die
theoretischen Grundlagen von Gravitationswellen erläutern
und dann über gegenwärtige und zukünftige Nachweismethoden und deren experimentelle Herausforderungen berichten.

Gerhard Heinzel, Max-Planck Institut für Gravitationsphysik
/ Albert-Einstein-Institut Hannover / LISA
Laserinterferometrie zwischen Satelliten kann Abstandsänderungen auf Nanometer oder sogar Picometer auflösen.
Wenn man dafür sorgt dass nur die durch Gravitation verursachten Abstandsänderungen gemessen werden, hat
das zwei Anwendungen in der Gravitationsphysik: Mit der
LISA Mission können Gravitationswellen von schwarzen Löchern und vielen anderen spektakulären Quellen gemessen
werden. Nahe der Erde, andrerseits, kann man mit einer
GRACE-ähnlichen Mission die Feinstruktur und die Änderungen des Erdschwerefeldes messen, wodurch man neue
Erkenntnisse über Eis- und Wassermassen auf der Erde
erhält, vom Abschmelzen polarer Eiskappen bis zu Änderungen des Grundwasserspiegels. Die Techniken für diese
zwei Anwendungen haben erheblichen Überlapp. In diesem
Vortrag werden die gemeinsame Messtechnik und die beiden Anwendungen erläutert.

Zwei der Vorträge werden in deutscher, einer in englischer
Sprache gehalten. Nachfolgend die Abstracts:
Gravitationswellen:
Ein neues Fenster zur Erforschung des Universums
Philippe Jetzer, Universität Zürich / LISA
Die Existenz von Gravitationswellen wurde bereits im Jahre
1916 von Einstein im Rahmen der Allgemeinen Relativitätstheorie vorausgesagt. Jedoch wurden Gravitationswellen
erst letztes Jahr zum ersten mal mit erdgebundenen Detektoren direkt nachgewiesen.
Es gibt konkrete Pläne der ESA (European Space Agency)
um ein Gravitationswellenobservatorium im Weltall zu plazieren: LISA (Laser Interferometer Space Antenna) besteht
aus einer Anordnung von drei Raumsonden, die in Form
eines nahezu gleichseitigen Dreiecks hinter der Erde entlang der Erdbahn um die Sonne kreisen. Die Satelliten bilden zusammen ein Laserinterferometer mit Armlänge von
einer Million Kilometer. Wegen der erheblichen Schwierigkeiten, die mit der Entwicklung von LISA verbunden sind,
hat die ESA im Jahre 2000 beschlossen, LISA Pathfinder zu
bauen mit dem Ziel, Teile der nötigen Techniken zum Nachweis von Gravitationswellen im Weltall zu erproben. LISA
Pathfinder wurde am 3. Dezember 2015 mit einer Vega-Rakete von Kourou erfolgreich gestartet und befindet sich zurzeit in einem Orbit um den Sonne-Erde-Librationspunkt L1,

Hearing Black Holes Collide with the Laser Interferometer Gravitational-wave Observatory
Daniel Sigg, California Institute of Technology / LIGO
100 years ago, Einstein predicted the existence of gravitational waves. These ripples in the space‐time geometry
propagate at the speed of light and are witness to some of
the most energetic events in the Universe. Following a major upgrade, the two detectors of the Laser Interferometer
Gravitational‐wave Observatory (LIGO) held their first observation run between September 2015 and January 2016.
On September 14th, 2015 the Advanced LIGO detectors observed the transient gravitational‐wave signal GW150914,
determined to be the merger of two black holes, launching
the era of gravitational‐wave astronomy. A second robust binary black hole coalescence was observed later in the year
on December 26.
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Samstag 26. 11. 2016, 09:30 – 13:00

Universität Zürich Zentrum, KOH-B-10
Rämistrasse bei 71, 8092 Zürich

https://www.plaene.uzh.ch/KOH
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International Physics Olympiads, Zürich, 10 - 17 July 2016
Antoine Pochelon
Organized by Switzerland and Liechtenstein, the 47th International Physics Olympiad IPhO2016 was hosted by the
University of Zürich, which, with the Association of Swiss
Scientific Olympiads (ASSO) and the Swiss Physics Olympiad (SwissPhO) were the operational organizers. The
Swiss Confederation represented by the SEFRI played the
role of the main partner, as this activity is directly part of its
policy of encouraging training, research and innovation (see
also [1]).

ams were: "But we didn’t just want to challenge these bright
young minds. We wanted to inspire and motivate them, too."
Another day was dedicated to the visit of different laboratories. Part of the group could visit the CERN and the
Red-Cross Museum in Geneva, another group the PSI and
Principality of Liechtenstein. Besides the science, this intercultural exchange had also the essential role of bringing
the youth of the world together thanks to an attractive entertainment program. The roughly 400 young men and women
from every corner of the globe had here an opportunity to
expand their horizons beyond the intellectual challenges of
physics. They could meet their peers from other cultures
who speak other languages, and make friendships that will
last a lifetime. And they were able to get acquainted with
Switzerland and Liechtenstein – indeed, for many, it was
the first time they ever travelled to a different country. The
midterm party on Thursday was organized so that the competitors could relax after the demanding exams; rather than
tackling complicated physics problems, they tested their
abilities in milking cows and playing the Alphorn in a tour
passing on the top of the Rigi and in Luzern.

These Olympiads [2] were a great event for the many participants coming from all over the world to Zürich: there were
no less than 400 high school students between the age of
14 and 19 years, representing 87 nations and 50 languages.
The event lasted one week from Sunday to Sunday. The
participation was open to the highest ranked five winners of
the national Olympiads of the participating countries. The
knowledge and skills of young talents were tested during
theoretical and practical tests (experiments) spread over
two days.

At the festive closing ceremony in the Tonhalle Zürich, a total of 219 Olympic champions were awarded a gold, silver,
or bronze medal, while another 65 received a honourable
mention. Various other special awards were also conferred
– for best overall performance, for instance, or for the most
creative solution in the experimental exam. The Swiss Physical Society offered an award for the best performance of a
student from Switzerland or Liechtenstein.
Just following the results of the national contest SwissPhO beginning of April in Aarau, the Swiss delegation to
IPhO2016 was composed of Bastian Lengen (Uvrier, LycéeCollège de la Plantaz, VS), Henning Zhang (Villigen, Kantonsschule Wettingen, AG), Quirin Reding (Honau, Kantonsschule Alpenquai, LU), Caroline Rossier (Cottens, Collège
Sainte-Croix, FR) and Nicolà Gantenbein (Eschenbach,
previously Kantonschule Wattwil, SG). But this was without
counting on the multiple interests of Henning Zhang, who
decided to step out to pursue in the national Mathematics
Olympiad, where he reached the first place with a gold medal, continuing at the International Mathematics Olympiad
obtaining a Bronze Medal. By doing so, he left a free place
to Markus Köhler (Balgach, Kantonsschule Heerbrugg, SG),
who then not only had the chance to participate to the IPhO,
but also reached the best result of the Swiss delegation with
a Bronze Medal (see interview in the box). Caroline Rossier,
extremely close to the Bronze, reached a Honourable Mention, as did Bastian Lengen, Nicolà Gantenbein and Quirin
Reding.

Opening ceremony of the International Physics Olympiad in 2016
at the University of Zürich (© SEFRI)

"In the practical exam, the students had to conduct an experiment on two-dimensional electrical conductivity, and
they were asked to study a model system on a theory of
phase transitions. Then, in the theoretical part, there were
complex questions on three topics: classical mechanics
and gravitation, non-linear electrical circuits, and the Large
Hadron Collider (LHC) at CERN"; this is how Thomas Uehlinger, head of the academic committee, describes the test
questions. As a past competitor at two IPhO, in 2002 and
2003, he is well aware of exactly how difficult this year’s ex-

The ten best Olympians came from China, South Korea,
Russia, Indonesia, Japan and Singapore, a fantastic EastAsiatic performance. But East-Asiatic high-school students
pass one total year completely dedicated to the preparation
of the contest, perhaps to the detriment of a more equilibrated formation.
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sented only 25 out of 400 participants. Yet, Physics Olympiads make physics and science in general better known
to a large public. In addition, the personal commitment of
some of the Olympians makes it even much better known.
Caroline Rossier, the only woman of the Swiss delegation,
appeared on the front page of a well-distributed commercial
magazine [3], explaining why she likes physics: "With physics, you can explain phenomena that are too small or too
large to perceive them with our senses". And about women
participation: "Women are not worse in these subjects, it is
all about, to attract women properly for it. This should begin
as early as childhood". Markus Köhler appeared in local [4]
and national journals after his wonderful success and tells
us more about his interests and wishes in the box below.
Markus Köhler receives the special prize of the SPS for the best
participant from Switzerland or Liechtenstein (© IPhO, Roman
Ernst)

The next IPhO in 2017 will be in Tangerang, Indonesia. The
way to it is through the next SwissPhO.

The number of benevolent persons in the organization of
the IPhO is very large and involves the academic organization committee: 70; the markers (examiners, correctors): 90;
the guides: 100; and the accompanying persons (physicists
and else): 275.

[1] SEFRI NEWS 6/16 (July-August 2016), PANORAMA
[2] University of Zurich and VSWO, Press release 17 July 2016 : Medals
Awarded to Physics Talent at the International Physics Olympiad.
[3] Migros Magazine, MM27, 4.7.2016. www.migmag.ch/rossier
[4] Rheintaler.ch, Rheintaler Medien AG, rheintaler.ch/artikel/bronzemedaille-fuer-balgacher-an-der-physik-olympiade/30824

It is clear that the IPhO activities represent an outstanding
opportunity to promote STEM education (Science, Technology, Engineering, Mathematics). But in this context, one
can only notice that there is ample room to increase the
participation of young women. The women indeed repre-

Further information:
International Physics Olympiad 2016: www.ipho2016.org
Association of Swiss Scientific Olympiads: www.olympiads.ch
Swiss Physics Olympiad: www.swisspho.ch

Im Oktober wird Markus ein Informatikstudium an der Uni
in Konstanz beginnen. Wir fragten ihn schliesslich noch,
ob die Physikvorlesungen im ersten Semester weiterhin
traditionell abgehalten werden sollten, also eine Weiterführung der bekannten Schulphysik, um den zu erwartenden Kulturschock beim Wechsel vom Gymnasium zur
Uni klein zu halten, oder ob man Impuls- und Energiesatz nicht bereits an Beispielen moderner Physik, zum
Beispiel der Teilchenphysik, lernen solle? Das wäre seiner Ansicht nach zwar ein Sprung ins kalte Wasser, aber
durchaus aufregend und spannend.

An der Internationalen Physik-Olympiade, die Mitte Juli
dieses Jahres in Zürich stattfand, hat Markus Köhler als
bester Schweizer Teilnehmer eine hervorragende Bronzemedaille gewonnen. Markus, der zeitgleich zur Vorbereitung auf die Olympiade seine Maturitätsprüfungen an
der Kantonsschule in Heerbrugg im St. Galler Rheintal
ablegte, musste danach erst einige Tage verschnaufen,
bevor wir uns zu einer Unterredung treffen konnten.
Kurz zu Markus: uns gefällt, dass ihm gefällt, dass die
Physik mathematisch aufgebaut ist. Der gute Mathematik
unterricht, den er am Gymnasium erfuhr, gab ihm das nötige Selbstvertrauen, sich den harten Wettbewerbsanforderungen von Olympiaden zu stellen. Er hatte bereits in
Deutschland mehrmals und 2015 auch in der Schweiz an
Mathematik-Olympiaden teilgenommen, aber erst dieses
Jahr auch an einer internationalen Physikveranstaltung.
Das Vorbereitungstraining war zweiteilig aufgebaut: zum
einen bestand es im wöchentlichen Lösen von Aufgaben
aus früheren Olympiaden, zum anderen in einer Teilnahme an zwei mehrtägigen Treffen für theoretische Physik
im Wallis und für experimentelle Physik in Aarau. Beide
Aktionen empfand er als effizient und auch als ausreichend. Er fände allerdings gut, wenn vor der ersten Ausscheidungsrunde eine weitere Auswahlrunde bereits an
den Kantonsschulen erfolgen würde, nicht wie bislang
nur in mehreren Städten. Das würde die Anzahl valabler
Kandidaten deutlich erhöhen, und so wird es zum Beispiel im Fach Biologie bereits erfolgreich gehandhabt.

Bernhard Braunecker
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Ausschreibung der SPG Preise für 2017
Annonce des prix de la SSP pour 2017
En 2017, la SSP attribuera à nouveau des prix de CHF
5000.- chacun, à savoir:

Auch im Jahr 2017 sollen wieder SPG Preise, die mit je
CHF 5000.- dotiert sind, vergeben werden.
l SPG Preis gestiftet vom Forschungszentrum ABB Schweiz AG für eine hervorragende Forschungsarbeit auf allen Gebieten der Physik

l Le prix SSP offert par le centre de recherche ABB Schweiz AG pour un travail
de recherche d’une qualité exceptionnelle
dans tout domaine de la physique

l SPG Preis gestiftet von der Firma IBM für
eine hervorragende Forschungsarbeit auf
dem Gebiet der Kondensierten Materie

l Le prix SSP offert par l’entreprise IBM
pour un travail de recherche d’une qualité
exceptionnelle en physique de la matière
condensée

l SPG Preis gestiftet von der Firma
OC Oerlikon für eine hervorragende 55 mm (100%)
Forschungsarbeit auf dem Gebiet der
Angewandten Physik

l Le prix SSP offert par l’entreprise OC
Oerlikon pour un travail de recherche
d’une qualité exceptionnelle dans le
domaine de la physique appliquée

l SPG Preis gestiftet vom METAS für
eine hervorragende Forschungsarbeit mit Bezug zur Metrologie

l Le prix SSP offert par le METAS pour
un travail de recherche d’une qualité
exceptionnelle faisant référence au
domaine de la métrologie

l SPG Preis gestiftet von der Firma
COMSOL für eine hervorragende
Forschungsarbeit auf dem Gebiet
der computergestützten Physik

l Le prix SSP offert par l’entreprise
COMSOL pour un travail de recherche d’une qualité exceptionnelle dans le domaine de la physique numérique

Die SPG möchte mit diesen Preisen junge Physikerinnen und Physiker in der Frühphase ihrer Karriere, auf alle Fälle vor Erreichen
einer akademischen Festanstellung oder bevor sie mehr als drei
Jahre in einer Start-up Firma oder in der Industrie tätig sind, für
hervorragende wissenschaftliche Arbeiten auszeichnen.
Die eingereichten Arbeiten müssen entweder in der Schweiz oder
von SchweizerInnen und Schweizern im Ausland ausgeführt worden sein. Die Beurteilung der Arbeiten erfolgt auf Grund ihrer Bedeutung, Qualität und Originalität.

La SSP distingue avec ces prix des travaux scientifiques exceptionnels de jeunes physiciens dans la première étape de leur
carrière et qui n'ont pas encore atteint une position permanente
universitaire ou qui ne travaillent pas depuis plus de trois ans
dans l'industrie. Les travaux soumis doivent avoir été effectuées
en Suisse ou par des citoyens Suisses à l'étranger. L'évaluation
s'effectue selon des critères d'importance, de qualité et d'originalité
du travail soumis à la compétition.

Der Antrag muss folgende Unterlagen enthalten:
Beschreibung der wissenschaftlichen Arbeit, die prämiert werden soll, inklusive eines wissenschaftlichen Gutachtens. Ein Lebenslauf des Kandidaten, sowie zusätzliche Informationen, die
die wissenschaftliche Leistung unterstreichen: Dazu gehören
eine Aufstellung der Publikationen in renommierten Zeitschriften
und von Einladungen zu Vorträgen, sowie Informationen über
eventuell erhaltene Fördermittel, über angemeldete und erteilte
Patente, über akademische Preise und Auszeichnungen, etc.

Une nomination complète contient:
Une description du travail scientifique soumis, y compris une
lettre de référence. Un curriculum vitae du candidat, ainsi que
des informations supplémentaires qui mettent l'accent sur les
réalisations scientifiques: notamment une liste de publications
dans des revues prestigieuses, des invitations de présenter à
des conférences importantes, ainsi que des informations sur
des requêtes reçues, des brevets en attentes ou délivrés, des
prix ou d'autres distinctions académiques, etc.

Diese Unterlagen werden elektronisch im "pdf"-Format direkt an das Preiskomitee eingereicht (große Dateien bitte
komprimieren (zip)):

Ces documents seront envoyés électroniquement en format
"pdf" directement au comité de prix (svp. comprimez des
fichiers très grands (zip):

awards@sps.ch
Einsendeschluss: 28. Februar 2017

Délai: 28 février 2017

Die Preise werden an der gemeinsamen Jahrestagung 2017 in
Genf überreicht. Das Preisreglement befindet sich auf den Webseiten der SPG: www.sps.ch

Les prix seront attribués à la réunion annuelle commune qui se
tiendra en 2017 à Genève. Le règlement des prix se trouve sur les
pages Web de la SSP: www.sps.ch
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CAREERS

FOR PHYSICISTS
October 13TH
1615 - 1900
UNI ZÜRICH
KO2-F-152
RÄMISTR. 71

What options does a physicist
have for his or her professional life?
physicists will present their career
and possible opportunities in
their environment.

Peter SEITZ
ETH Zurich | Entrepreneurship Sherpa

Afterwards you
have the possibility
to personally discuss
your questions with
the speakers during
an apero.

Paul PFÄFFLI
Synopsys Switzerland AG | Director CAE
Markus A. MÜLLER
Frei Patentanwaltsbüro | Patent Attorney
Jérôme BRETEAU
ESA | Programme Manager

PGZ.CH

SPS.CH

SCNAT.CH
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VMP.ETHZ.CH

FPA.UNIBE.CH

FPU.UZH.CH

FG14.UNIBAS.CH

Lock-in Verstärker

... und mehr, von DC bis 600 MHz
Preise, ab
CHF 5 940.–

Typische Anwendungen
∏THz-Spektroskopie,
gepulste Laser, Chopper,
asynchrone optische
Detektion, Fehleranalyse
∏AFM, SNOM, CARS, SRS,
Kelvin-Probe, MRFM
∏Quanten Forschung: IonenFallen, cQED, Quantenpunkte
∏Laser Frequenz-Stabilisierung,
Optisches Phasenlock (PLL)

Alle Geräte enthalten

Erweiterungsoptionen

Spektrum
Analysator

AWG

Parametrischer
Sweeper

Boxcar
PWA

Oszilloskop
mit FFT

Digitizer

MATLAB, LabVIEW, C,
und Python API

PID, PLL
Regler

∏Sensoren: MEMS, NEMS, Gyros

Kontaktieren Sie uns
www.zhinst.com
info@zhinst.com
+ 41 44 515 0410

Your Application. Measured.

Zurich
Instruments

