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GS Junior, my new best friend

...because now I can sequence on my bench-top
We think you’re going to like the new GS Junior System. And not simply because
it’s new and exciting. It’s much more than that.


The GS Junior System allows you to perform next-generation sequencing in
your lab, on your bench, when you’re ready. And because it is based on proven

454 Sequencing Systems, it delivers results you can trust time and time again.


The GS Junior System also comes with a desktop PC equipped with userfriendly bioinformatic tools. So you don’t need to be an IT expert to assemble,

map or analyze your genome, transcriptome or metagenome.
And what’s not to love about that?
To learn more about the GS Junior System and how it can help you and your
laboratory succeed, get in touch via our website: www.gsjunior.com
It could be the start of a beautiful friendship.
GS Junior System –
The power of next-generation sequencing in your hands

For life science research only.
Not for use in diagnostic procedures.
454, 454 SEQUENCING, GS JUNIOR and GS FLX are trademarks of Roche.
© 2011 Roche Diagnostics. All rights reserved.

Roche Diagnostics Deutschland GmbH
Sandhofer Straße 116
68305 Mannheim
www.roche.de
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ON LOCATION

Flourishing Science
For four decades now, a white dish has been the defining feature of the landscape surrounding Effelsberg in the Eifel region.
This is where, on May 12, 1971, the 100-meter telescope of the Max Planck Institute for Radio Astronomy was unveiled.
Since then, the fully steerable radio antenna – for many years the largest of its kind – has impressed the world with its sheer
dimensions. But this precision instrument also has an impressive scientific track record: it has served two generations of
astronomers, who have scoured space in the long-wave spectral range and published thousands of articles and essays.
The antenna gained fame in the 1970s for its 408-megahertz survey of the radio sky. In addition, to date, researchers have
found new molecules and spectral lines in interstellar space, discovered the most distant source of water – 11 billion light-years
away – and proved for the first time the existence of giant ordered magnetic field structures in other galaxies, as well as the
relativistic effect of geodetic precession outside the solar system and in strong gravitational fields. Despite its age, the
telescope is not yet even remotely a candidate for the scrap heap: thanks to good care, regular modernization and enormous
advances in digital electronics, it is better today than ever before.
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There is no future
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exactly what we were trying to prevent! In
order to limit global warming to a maximum of two degrees by the end of the century, we must cut carbon dioxide emissions
by half over the coming 40 years, and reduce them to zero by 2100 – according to
current calculations by the Max Planck Institute for Meteorology.
In addressing the inextricably entwined
problems of climate and energy, we are prepared to prioritize the short-term risk of a

In our global village,
we need different ways
of thinking
nuclear accident over the long-term risk of
global warming. Risk researcher Gerd Gigerenzer of the Max Planck Institute for Human
Development in Berlin offers this explanation: “Where many people could die all at
once, we quickly become afraid. But where
far more people are in danger of dying over
a longer period, we perceive this as less of a
threat. This may be a relic of our evolutionary history, when humans lived in small
groups. If several members were to die, the
survival of the group as a whole would soon
be at risk.”
In our global village, however, we need
different ways of thinking. For one thing,
we need to plan not just for the years immediately ahead, but for the needs of our children and grandchildren. And in terms of energy in particular, we must consider the
global dimension. Undertaking some savings measures and developing renewable
energy sources may be enough to meet Germany’s needs in the years ahead.

Photo: Axel Griesch

This article appeared in the newspaper
Tagesspiegel on June 9, 2011.

The history of mankind is also a history of
bold endeavor – without which our species
would not be where it is today. From our origins in Africa, Homo sapiens has spread far
and wide to populate the entire world. And
we no longer need to trek on foot – we have
since become motorized, and have even
learned to fly. Driven by the spirit of discovery and invention, we have come a long way.
Where would we be now if our ancestors
hadn’t repeatedly dared to be different and
imagine the unimaginable?
We Germans struggle with a simple rule
that former Federal President Walter Scheel
so neatly formulated: “Nothing is achieved
without risk, but without risk we achieve
nothing.” The Fukushima reactor catastrophe is a case in point: It was hard not to gain
the impression from German media coverage that the thousands of victims were
claimed, not by the earthquake and tsunami, but by the accident that befell the reactors. From such reactions, foreign observers
are quick to diagnose a well-known malady:
German angst – a collective panic response
to potential threats, from swine flu to volcanic eruptions to the pathogen Ehec. Headlines such as “Deadly Germs Spreading” only
serve to fan the flames of fear. The media fail
to mention the fact that, in Germany alone,
between 8,000 and 11,000 people die each
year of ordinary seasonal influenza.
Fukushima, too, triggered far stronger
reactions here than elsewhere. The recently made decision to extend the service lives
of Germany’s nuclear power stations was
abruptly reversed – and with it the source
of our energy. While experts at the National Academy anticipate that we will be able
to shut down the nuclear stations in ten
years, they also raise concerns about an accompanying short-term rise in CO2. That is

PETER GRUSS

The global picture, however, is very different:
Given the development particularly in the
emerging markets, demand for energy will
continue to rise steeply in the coming years.
The international Energy Modeling Forum
calculates that electricity demand alone will
increase six-fold by the end of this century.
To satisfy this increase with solar and wind
energy, we would need to build 25 large solar energy plants every day for the next 90
years – or a wind turbine every ten minutes.
Let’s be honest: We are not keeping
pace. In order to even prepare the ground
for a sustainable energy supply by the year
2100, we need a research campaign that
will pave the way for new technologies. And
that will take time. By way of example, researchers at the Max Planck Institute for
Plasma Physics are striving to overcome the
scientific and technical obstacles to the development of fusion power plants. These
would allow us to safely produce vast quan-

Basic research
provides new
technology platforms
tities of climate-neutral electricity while
conserving our resources. This goal could be
reached by 2050, but only if Germany and
Europe commit to massive investment in
fusion research.
Biofuels could soon be extracted from
lignocellulose, the basic component of
straw, wood and many types of plant
waste, without competing with the production of important food crops such as cereals, corn and sugarcane. Advances in biotechnology could enable us to manufacture

microorganisms that convert the sugar
stored in the lignocellulose into ethanol. In
this way we could produce genuinely sustainable biofuel.
New ways of storing energy and, of
course, binding carbon dioxide are central
to the energy supplies of the future. Thus far,
efforts to control the underlying chemical
reactions on a large scale have proven technically ineffective. The Max Planck Society is
therefore stepping up its activities in this
area with a Max Planck Institute for Chemical Energy Conversion, where researchers
will primarily investigate how electrical energy or sunlight can be converted into storable energy forms, such as methane and
methanol. If they succeed, we can avoid the
need for new power grids, electro-filling stations, etc. and simply avail ourselves of the
existing logistics, such as gas pipelines and
service stations. Economically, it would be
a huge gain.
As these examples show, basic research
has the potential to provide new technology platforms. The more technologically advanced a country is, the more its government should invest in basic research. And
since tax revenues can be spent only once,
we should be wary of using them to subsidize the production of industrial goods. We
may gain a certain advantage in the short
term, but this is not the path that will keep
us at the forefront of technological progress
in the long term.
Our future thus depends on our setting
the right priorities: In the 1980s, Germany
radically reduced its expenditure on energy
research, and kept it at a low level for the
past 20 years. While we spent just under 1.5
billion euros on work in this field in 1982, 15
years later our annual expenditure had fallen to just around 400 million euros. By

comparison, between 1997 and 2006, Germany spent almost nine times as much
money on subsidizing coal production as
on energy research.
The German people themselves are not
entirely in favor of unrestricted scientific
research, either. An Allensbach survey re-

Our affluence is
a product of knowledge
and innovation
cently commissioned by the newspaper
Frankfurter Allgemeine Zeitung reveals that two thirds of those interviewed
would like to prohibit research if the results may prove dangerous. This is alarming in that it shows that a large part of our
society prefers ignorance to knowledge.
Our affluent society will not get far with an
attitude of “innovation, OK, but no risks
please!” Especially when none of us want to
accept any reduction in our present standard of living! In answer to the question of
whether money would be better spent on
advances in science or improving social security, less than one third would rather encourage scientific progress. That is neither
a courageous response nor an adequate
one. Not least because social security is a
product of economic affluence, which in
turn derives essentially from today‘s knowledge
g and innovations.

Peter Gruss,
President of the Max Planck Society
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Annual Meeting of the
Max Planck Society in Berlin
In this, our anniversary year 2011, the Annual Meeting of the Max Planck Society took place from
June 7 to 9 in Berlin. Around 700 guests from the worlds of science, politics and industry were
in attendance, among them several of the Max Planck Society’s Nobel laureates
The climax of the event was the Plenary Assembly at the
Berlin offices of Deutsche Telekom on June 9 where, apart
from President Peter Gruss, our Federal Chancellor Angela

Merkel and Argentinean Minister of Science José Lino Barañao spoke. Chancellor Merkel warned that if science is to
fulfill its responsibilities, it must never be confined to an
ivory tower. To equate the crucial efforts to achieve progress with boundless progress would be disastrous. She also
emphasized the importance of the breadth of research carried out at the Max Planck institutes: “Given the importance of maintaining a media presence today, and given the
need to explain science to the general public, superficiality in research is not the answer we need.”
With an eye to the innovation dialogue that she herself
initiated, the Chancellor went on to stress the role of the
Max Planck Society as a competent and dependable partner to the federal government’s research and innovation
policy. In the ensuing plenary lecture on “Art, science and
the globalization of images in the early modern era,” Gerhard Wolf of the Kunsthistorisches Institut in Florence explained how the art of the Occident and that of the Orient
have influenced one another and why conventional art history takes only a very narrow view of the history of Europe.
Peter Gruss, Angela Merkel and José Lino Barañao (from left)

Max Planck Center to Open in Japan

The two institutions aim to create a
platform on which to combine knowledge, experience and infrastructure, as
well as new methods and techniques in
the field of systems chemical biology.
“The foundation of the RIKEN – Max
Planck Center raises the cooperation between our two organizations to a new
level that is commensurate with the
scale and intensity of our joint efforts
over the past 25 years,” remarked Max
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Planck President Peter Gruss. The founding team at the new Center is comprised
of four top scientists, including two Max
Planck Directors, Herbert Waldmann
and Peter Seeberger, and two researchers from the RIKEN Advanced Science Institute (RIKEN ASI), Hiroyuki Osada and
Naoyuki Taniguchi. Two new International Max Planck Research Schools offering a structured doctoral program for
talented young scientists are due to be

integrated into the work of the Center.
In addition, regular exchanges of research staff and doctoral students, as
well as opportunities for practical training and symposia, will encourage scientific communication. The RIKEN – Max
Planck – Joint Research Center for Systems Chemical Biology will be the sixth
Max Planck Center to be opened by the
Max Planck Society with a partner outside of Germany.

Photo: Norbert Michalke

The Max Planck Society has reached an agreement with the Japanese research institute RIKEN to
establish a RIKEN – Max Planck – Joint Research Center for Systems Chemical Biology

New EU Project at the Fritz Haber Institute
Over a period of four years, the European Union will provide almost
ten million euros in funding for the “Atomic Scale and Single Molecule
Logic Gate Technologies” (AtMol) project
In the search for faster and more efficient processors, computer chip manufacturers are approaching the physical limits of miniaturization. The
smallest transistors, just a few nanometers in size (a nanometer is one billionth of a meter), featured in modern
microprocessors can no longer be
made any smaller by conventional
techniques employing so-called topdown processes.
The semiconductor industry therefore finds itself compelled to accommodate more transistors on each chip
and run them at higher clock speeds –
both of which increase energy consumption and generate more waste
heat. Scientists and engineers worldwide are searching feverishly for new
types of electronic circuitry that will

one day take the place of conventional silicon-based processors and provide
the foundation for the computers of
the future.
Processors based on individual molecules – potentially in combination
with existing technologies – are expected to combine the advantages of molecular self-organization with low manufacturing costs and minimal energy
consumption – a promising prospect
for future generations of computer
chips. However, it is first necessary to
develop an initial prototype – a key
challenge recently addressed by an international consortium of scientists
and engineers working on the “Atomic
Scale and Single Molecule Logic Gate
Technologies” project. Among those involved are researchers headed by phys-

Drawing out individual polymers from
a surface and applying an electric voltage
provides a means of investigating how
charges are transferred along molecular
wires on the atomic scale.

icist Leonhard Grill at the Fritz Haber Institute of the Max Planck Society (see also
MAXPLANCKRESEARCH 2/2011, page 72 ff.).

Fresh Wind for Science

Photo: Jugend forscht; graphic: Fritz Haber Institute

Germany’s 46th nationwide junior research contest “Jugend forscht” took place in Kiel
In the presence of the German Federal President, Manfred
Milinski, Director at the Max Planck Institute for Evolutionary Biology in Plön, duly congratulated the national winner
in the Biology category, Charlotte Decker from Münster. The
18-year-old student analyzed the importance of the plant
hormone ethylene as part of the ripening process in apples.
For over 30 years, the Max Planck Society has donated prizes for the “Jugend forscht” competition. Since 2006, the MPS
has provided all five awards in the field of Biology. But other forms of support are also available to junior researchers:
This year’s national winner in the Physics category, 16-yearold Benjamin Walter from Meißen, investigated the interaction between coronene, an organic molecule, and a germanium surface during a period of work experience with the
group headed by Karsten Horn at the Fritz Haber Institute of
the Max Planck Society. This budding scientist made a deep
impression on jury members across the board and was thus
invited to take part in the Europe-wide “23rd EU Contest for
Young Scientists” taking place in Helsinki in the fall.
National Biology winner Charlotte Decker with
Max Planck Director Manfred Milinski.
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Visit to Lake Constance
An exhibition devoted to health research was on display in a series of 18 pavilions on the
island of Mainau until September 4. A slight detour to the visitor center at the Max Planck Institute
for Ornithology in Radolfzell also proved worthwhile
The hands-on exhibition on Mainau offered plenty of insights into current health research in Germany. The Max
Planck Society pavilion was devoted to issues of both global and regional significance, namely infectious diseases. The
display featured three specific research projects conducted
at Max Planck institutes. Visitors were invited to learn more
about one of the world‘s most persistent killers – the bacteria Mycobacillus tuberculosis – and discover how scientists

aim to defeat it with a new vaccination. They were also
able to take a new look at an old and unwelcome acquaintance, the herpes virus, and discover the role played by
migratory birds in spreading diseases.
A slight detour to the visitor center at the Max Planck
Institute for Ornithology in the Möggingen district of
Radolfzell was also strongly recommended. The clear objective here is “to allow visitors to experience research
through creativity and give them food for thought.” The
“Hennhouse” media building and the bee and butterfly
meadow “BeeMarie” were opened in May 2010. Since
then, a third major feature has been completed, the workshop area housed in a former mill. Starting immediately,
children’s workshops will be held on a regular basis twice
a week and during vacation periods. Visitors – grown-ups
included – are welcome to rediscover their delight in experimentation and explore their own questions and ideas.
The objective is to let knowledge be experienced rather
than explained.

Discoveries in health research: Exciting exhibits
offer insights into science.

US Takes Part in the Wendelstein 7-X Fusion Project

The US is contributing more than 7.5
million dollars to develop the Wendelstein 7-X fusion facility at the Max
Planck Institute for Plasma Physics
(IPP) in Greifswald. The President of
the Max Planck Society, Peter Gruss,
expressed his pleasure at this commitment: “This confirms both the high
level of achievement at the Max Planck
Institute for Plasma Physics, and the
importance of the experimental facility
in Greifswald.
“It also demonstrates the strength
of American interest in fusion research.
The funds being invested here derive
from the ‘Innovative Approaches to Fusion’ program run by the US Depart-
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ment of Energy.” As part of
the three-year joint project
that commenced in 2011, scientists from the fusion institutes in Princeton, Oak Ridge
and Los Alamos are contributing to the equipment at the
German research plant, providing magnetic coils, measuring
equipment and designs for wall cladding elements. In return, the US will
become a partner in the Wendelstein
7-X research program. “We see this
three-year period,” say the US research
institutes taking part, “as a step toward
a strong partnership that integrates
physicists and engineers at a number

Complex technology:
The heart of the Wendelstein 7-X fusion plant.

of US institutions into a research project that is of major importance for the
worldwide fusion program.”

Photo: Christian Flemming; graphic: MPI for Plasma Physics

Multi-million dollar investment marks the start of a US research
program at the German facility
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Joint Research in the Himalayas
Max Planck Institute for Ornithology establishes cooperation with the Ugyen Wangchuck Institute
for Environmental and Nature Conservation in Bhutan

Besides possessing an enormously rich flora and fauna of
its own, the small Buddhist country of Bhutan is a stopping
point on the migratory routes of many rare species that
overwinter here. Its climate ranges from sub-tropical to temperate to alpine regions. Three-fourths of the country is covered by forest, half of which is subject to conservation, either as national parks or fully protected nature reserves.
Founded in 2004 as a center of excellence in Southeast Asia,
the Ugyen Wangchuck Institute for Environmental and Nature Conservation, named after Bhutan’s first king, aims to
conduct research and scientific studies in the field of ecology for the benefit of the natural environment. Courses in
field work in Bhutan, scientific exchanges and joint international projects are all aimed at resolving the urgent problems of global climate change, which also threatens Bhutan’s fantastic biodiversity. By carrying out joint studies in
the wild, scientists from Martin Wikelski’s department of
migration and immuno-ecology at the Max Planck Institute
for Ornithology and their Bhutanese colleagues hope to discover how the high-altitude migration of certain species in
the Himalayas is affected by the environment. These creatures often cover several thousand meters of altitude, and
it is not unusual for them to be found even as high as 5,000
meters above sea level. The researchers also face the challenge of developing new radio telemetry techniques to cope
with the special conditions in such mountainous territory.

The Himalaya mountain range in Bhutan.

Focusing on particularly rare species, such as the endangered black-necked crane, which overwinters in Bhutan, the
scientists hope that, by analyzing ecological data and movement patterns, they will be able to develop more accurate
measures to protect specific migratory corridors and help
preserve the phenomenon of migration.

Photo: NASA/GSFC/METI/ERSDAC/JAROS, U.S./Japan Aster Science Team

On the Net
Uni(verse) for all
Is there a second Earth? Just what was
the Big Bang? Why do stars twinkle?
How large is the universe – and how old
is it? In short talks, astronomers in Heidelberg deliver answers to no fewer
than 70 questions about our universe.
Volker Springel of the Heidelberg Institute for Theoretical Studies, for example, guides his audience through the
largest observable structures in the
universe, while Markus Pössel of the
Heidelberg Haus der Astronomie covers the most frequent misconceptions
about black holes. All of the Germanlanguage lectures are available on the
Spektrum-Verlag YouTube channel:
www.youtube.com/spektrumverlag

Impressions of Lindau
Sven-Eric Schelhorn was one of the 22
young Max Planck scientists who took
part in the Lindau Nobel Laureate Meeting in late June. The Meeting, which is
held annually, provides an opportunity
for junior scientists to converse with Nobel laureates and gain valuable career
guidance. In his German-language video
blog, Sven-Eric provides an introduction
to his institute – the Max Planck Institute
for Informatics in Saarbrücken – and describes his experiences in Lindau. One of
the questions he asked other international students (and one Nobel laureate)
was how they reconcile their scientific
career with their family. You can listen to
the answers here: www.mpg.de/4357666/
schelhorn_videoblog

The Goose Whisperer
On July 22, Seewiesen celebrated its
50th anniversary. The location has a
long history: this is where the Max
Planck Institute for Behavioral Psychology was founded in the 1950s. One
of the best-known scientists to have
worked in Seewiesen was Konrad
Lorenz, winner of the Nobel Prize for
Medicine and founder of comparative
behavioral research. A new Germanlanguage podcast in the series devoted
to the Max Planck Society’s Nobel laureates describes the work of the man
known as the Goose Whisperer:
www.mpg.de/4310517/Konrad_Lorenz
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The Brain Stands Trial
How important is brain research in the context of ethics and law? Modern analytical processes
such as positron emission tomography and functional magnetic resonance imaging have
made it possible for the first time to establish the connection between modes of behavior and
certain brain activities. Even if we are still very far from being able to read minds, we must still
ask ourselves whether the new insights gained in brain research should or, indeed, must be
incorporated into legal processes, and precisely which processes should avail of them.

T

he increasingly accurate methods and technologies used in the neurosciences have led
to the discovery, particularly over the past
decade or two, of very direct links between
the brain and behavior. Nonetheless, the
search for connections between brain activity and behavior can be traced back to the early days of neurological practice, when it also had implications for the

A large tumor triggered
pedophile tendencies
assessment of criminal liability and the responsibility
of an individual for his or her actions. Cesare Lombroso, a doctor whose theories caused a stir both in forensic-psychiatric and legal circles, is still quoted today.
Since the beginning of the present century, the
number of case descriptions illustrating these links
increased enormously. For example, the story of a father who suddenly started to display pedophilic behavior and was subsequently convicted for it was described by Burns and Swerdlow in the journal ARCHIVES
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NEUROLOGY in 2003. Having complained about constant headaches in prison, he was examined and a
large tumor was discovered in his right frontal lobe.
Once the tumor was removed, his pedophilic tendencies disappeared completely and he was later able to
return to his family. A case of this nature clearly illustrates how changes in the brain can trigger changes in behavior.
The availability of modern imaging technologies
such as positron emission tomography (PET) and static and functional magnetic resonance imaging (fMRT)
led to an explosive increase in studies on the correlations between behavioral deviations, such as pedophilia and psychopathy, and changes in brain morphology and brain metabolism. Both technologies,
PET and fMRT, are now used for very wide-ranging
purposes, from lie detection to the mapping of malfunctioning brain areas. In a case involving a murder
trial, it was possible to show, using functional brain
imaging, that a young woman was a credible witness
because she activated the same areas of the brain as
those activated by other people when remembering
personally experienced events.
Companies already exist in the US that offer lie
detection services to the courts. Researchers refer to
a series of studies on the differentiation between inOF

Collage: designergold, based on original material provided by Susann von Wolfferdorff/pixelio and iStockphoto

TEXT HANS J. MARKOWITSCH AND REINHARD MERKEL
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vented or fabricated material and authentic memories; other scientists stress the ethical implications of
this application-related research. In what was probably the first study carried out on this topic, we dis-

There can be no talk of “mind reading”
for the foreseeable future
covered that the fabrication of “memories” was followed by the activation of the medial posterior cortex
in particular, while the recollection of true memories
triggered activity in a region composed of both prefrontal and anterior temporal lobes.
Whether or not differences in brain activity can
reveal that someone believes that he or she is telling
the truth while actually providing false information
is a particularly interesting question. Numerous studies have already been carried out on this topic from
a behavioral perspective and relate above all to the
research carried out by the American psychologist
Elizabeth Loftus.
We investigated the question regarding the cerebral representation of false memories in a study in
which we showed two short and simple movies to
students and asked them to watch attentively, as we
would later ask them questions about details from the
movies. We placed the test subjects in a magnetic resonance scanner and showed them individual images
from the two films on a monitor along with other images that were not featured in the movie or were not
featured in the same form. To our surprise, the average total number of errors was almost 45 percent.
Moreover, it emerged that correctly and incorrectly
remembered images activated different regions of the
brain: the medial prefrontal cortex was activated primarily in the case of correctly remembered images,
while the activation of the visual association cortex
in both brain hemispheres was observed mainly in
the case of incorrectly remembered images.
A solid collection of methods and technologies
and the knowledge based on them has since been
established in the natural sciences, enabling us to
make a large number of intellectual activities quantifiable. Based on everything that brain research discovers, and as indicated by personality changes following brain damage or external manipulation
(brainwashing), it is very difficult to deny that we

14

MaxPlanckResearch 3 | 11

are controlled by our genes, our environment and
the processes that unfold in the brain (and in the
rest of the body).
We would now like to consider the question of
how these findings and developments should be assessed from the specific perspective of the law and its
underlying principles. This includes the question of
the nature of the legal proceedings in which the new
insights and possibilities provided by brain research
can, should or even must be availed of, and the way
in which this should be carried out where appropriate. We will limit our considerations to the perspective of criminal law and its legal-ethical principles.
The neuroscientific findings will not and must
not prompt the abandonment of a criminal law concept of guilt that is understood as reasonable. They
do, however, force us to reconsider its preconditions
and scope, and possibly also to reformulate some of
its elements. We outlined above (approximately) how
the data obtained with the help of complicated calculations enable the recording of neural activity in
the brains of test subjects while they undertake certain tasks of a cognitive nature. The corresponding
mental processes can thus be associated with some
neural correlates – albeit with some uncertainties –
whose activity can be observed in vivo and (almost)
“in real time” in defined areas of the brain and in the
network of their complex interactions.
As we have seen, this opens up the basic possibility of “reading” these mental states and performances from the recorded neural data as current processes – admittedly, however, only in the form of highly
abstract typifications of the process with which the
relevant subject is currently mentally occupied, and
not in the form of the concrete content of his or her
thoughts. There can be no talk of real “mind reading” in the sense of the decoding of differentiated semantic content in the foreseeable future. However,
even if it is presently possible only within the narrow
confines of simplistically constructed experiments,
functional imaging processes can be used to determine, with a reasonable degree of reliability, whether certain expressions of thought are true (and this
does not exclude the possibility of their incorrectness
being a matter of error) or fabricated.
In the context of the questions raised here, it
makes sense to differentiate between two basic perspectives: first, the question as to the basic legitimacy of the use of neuroimaging in criminal proceedings, and second, its corresponding suitability.
Multiple uncertainties, which, based on the current

Collage: designergold, based on original material provided by Susann von Wolfferdorff/pixelio and iStockphoto

status of research in the field, obscure all insights
into the inner life of a subject through neuroimaging, may render it unsuitable for use in such a significant and, indeed, often vitally important process
as a criminal trial.
A criminal trial is not a homogeneous process
carried out with a view to fulfilling an unchanging
legal objective and characterized by constant interests on the part of the participants, the public and
the state. Rather, it consists of clearly separated sections with which the legal order associates different
objectives, and in which the roles of the participants
and the observing public assume different forms.
The fact that the holders of these roles also pursue
entirely different and, in part, clashing interests is,
of course, obvious. All of these differences influence
the significance that the results of the insights into
the internal mental life of a person involved in a
court case, obtained using neurotechnological
means, could have for the individual himself or herself, and for the other participants at the different
stages of the criminal proceedings.
As is generally known, under criminal law, the
onus is not on the defendant to prove his or her innocence, but on the prosecution and, ultimately,
the court that hears the case. As far as the latter is
concerned, in cases of doubt, the presumption of
innocence, which is guaranteed under constitutional and human rights law and is traditionally formulated in the constitutional state principle of “in dubio pro reo,” works in favor of the defendant. The
latter may, therefore, also be interested in using evidence that (still) appears to be unreliable in scientific terms and whose circumstantial evidence value is, at best, low – even the weakest suggestion of
his or her innocence may be welcome. Although it
may not be very convincing in itself, such evidence
could cast a shadow of doubt on the court’s opposing view, and this could prove crucial for the outcome of the court case.
If the defendant actually committed the crime of
which he or she stands accused, then he or she will
also want to avoid the presentation of the slightest
incriminating circumstantial evidence. In this instance, the use of neuroimaging, which is difficult to
calculate in advance and may provide just such circumstantial evidence, would be highly undesirable.
In terms of the opposite purpose, that is, providing
proof of the defendant’s guilt, neuroimaging does not
provide suitable evidence for any of the participants
involved in criminal proceedings.

Based on the current, and probably also immediately foreseeable, state of their development, the deficits
displayed by all imaging procedures in terms of validity and reliability are far too extensive for this. An
application made by the prosecution on this basis
could thus be rejected outright by the court on the
grounds of unsuitability of the evidence (section 244,
subsection 3, sentence 2 of the German Code of
Criminal Procedure [StPO]).
The question regarding the reliability of neuroimaging is, however, seen in a different light when it is
requested by the defendant or his or her lawyer. For

A low circumstantial evidence
value is enough if it can establish
doubts about the defendant’s guilt
the purposes of the defense, as already suggested
above, the scientific limits of the validity of the neuroimaging process do not, in any way, give rise to its
“complete unsuitability” for use as evidence. If it can
establish or reinforce doubts regarding the defendant’s guilt, a low circumstantial evidence value is
sufficient to justify its suitability for defense purposes. And it can’t be denied that the results produced
by the various neuroimaging processes today provide
this kind of weak circumstantial evidence.
This observation must, however, withstand the
arguments that prompted the First Criminal Division in 1998 and, five years later, the Sixth Criminal Division of the German Federal Court of Justice
to reject the traditional polygraph process of “lie detection” as “completely unsuitable” for use in both
criminal and civil proceedings. In their abstract
form, these arguments would appear to fully support a corresponding verdict against today’s neuroimaging processes. However, two things should be
noted here. First, in certain respects that can be precisely defined, the neuroimaging processes available
today exceed the reliability of the traditional polygraph process of “lie detection” and will do so even
more clearly in the future.
Second, the validity criteria formulated in the resolution of the Federal Court of Justice of 1998 are already excessive in relation to the polygraph method.
This fact was correctly criticized by the relevant ex-
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The limits of the different
forms of neuroimaging must
be considered in detail
nal proceedings in the future with reference to their
lack of suitability. Admittedly, this observation necessitates an important limitation and a no less important caveat: on the one hand, the use of imaging tests
can be possible only for trial participants who, following adequate instruction on the forms, risks, possibilities and limits of the proposed process, agree to
the test without any form of coercion or pressure.
And on the other hand: despite the astonishing
progress made in recent years in terms of the development, reliability, understanding and possible applications of the different forms of neuroimaging,
their suitability for determining the truth in criminal
proceedings is currently still subject to obvious limitations. Even if the process is to be used at the request
and in the interest of the cooperating defendant, its
limits must be considered in detail. This is the only
way that serious misinterpretation of their results can
be avoided and a suitable assessment be made as to
the significance of the circumstantial evidence they
provide. Here are the most important of these limits:
(1) It is likely that both the lay persons and judges involved in a criminal trial will perceive the colored computer images in which the results of brainimaging studies are documented as a kind of
photographic snapshot of the brain of a subject while
he or she carried out the test task in question. This is
incorrect in several respects. First, these images merely present computer-generated statistical mean values from many thousands of recordings. Second, in
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most of the studies conducted to date, the data on
which the statistics are based are drawn from numerous personal sources: they represent mean statistical
values based on larger groups of subjects rather than
individuals. Third, and finally, these images are not
direct photographs of the neural activity of thinking
brains. Instead, they are generated from certain biological markers: in the case of functional magnetic
resonance imaging, the markers involved are the metabolic correlates of brain activity. Conclusions about
the underlying neural activity can be drawn from
minute differences (or, to be more precise, from thousands of results from such minute differences) in the
accumulation of oxygen observed in certain cerebral
areas during the tests.
(2) The number of cortical areas identified, in
studies carried out to date, as very likely to be involved when someone tells a lie is considerable.
Moreover, the consistent mapping of these areas as
involved in deception is significantly hampered by
the fact that they are involved in numerous other
mental activities and not just deception. The brain
does not have a specific “lying area.” Furthermore,
the complex interaction between the areas involved
is far from sufficiently understood.
(3) The subjects involved in the tests carried out
to date regularly display considerably greater homogeneity – in most cases they were healthy young university students – than may be found among the defendants involved in criminal proceedings. Whether
and to what extent the information gained in this
way may be generalized, irrespective of the considerable differences in age and social status of those tested, remains unclear.
(4) At present, the potentially most serious problem is posed by the stylized artificiality of the diversionary maneuvers assigned to the test subjects in the
studies conducted thus far. They usually have to “lie”
about very simple things, such as the symbol or suit
of a playing card shown to them. Such (desired!) untruths are not associated with any risk whatsoever,
and thus involve little or no stress for the test subjects involved in such studies. Precisely what, then,
do the neuroimaging results of such studies have to
say about real life situations in which the incredibility of a false statement may be associated with serious risks, and the psychological pressure on the person telling the lie is correspondingly high? Or, more
simply: Does the false denial of a murderous deed on
the witness stand involve the same areas of the brain
as the denial of the perception of a certain card to the
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perts in the debate following their adoption. If the
requirements proposed for the polygraph by the Federal Court of Justice were also to be applied to the
other psychological and psychiatric diagnostic processes that have been used in criminal proceedings
since time immemorial, hardly any of them would
be found to be in compliance.
Based on this, the following prediction may be
made: it is very unlikely that the use of neuroimaging processes to establish the veracity of statements
will be excluded from evidence gathering for crimi-

VIEWPOINT_Criminal Law

leader of a research project? And does the denial of a
murderous crime involve the same brain activity as
the refutation of an insult or the forging of a document? We still do not have any definitive answers to
these questions.
Against this background, we believe that three conditions must be fulfilled in order for neuroimaging
methods to be deemed fundamentally suitable for determining the truth in criminal proceedings: first, it
must be clarified that the results of these processes
have merely a highly relative circumstantial evidence
value that can make no claim to superiority over other circumstantial evidence. Second, both lay assessors
and professional judges must be clearly instructed on
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The brain does not have
a specific “lying area”
this point so that they can avoid succumbing to any
false suggestion that may be based on the concise clarity of the visual representations. This may lead lay persons to the false assumption that the clarity of the images reflects a corresponding clarity of the facts that
have been certified by the certainty of a scientific evidence-collecting process. Third, and finally, the tasks
of implementing the desired tests and instructing the
court in relation to their possibilities and limits must
be assigned solely to scientific experts with specific
qualifications in this area.
When and to what extent such factors can contribute to the mitigation of the guilt or even exoneration of a defendant and to the assessment of the
continuing danger represented by a prisoner is, at
present, anything but clear. It may, however, safely
be predicted that this question will become one of
the most prominent elements of criminal law development in the 21st century. It is important that its
clarification become the object of intensive cooperation between lawyers, neuroscientists, neuropsychiatrists and legal philosophers. The corresponding debate at the international level has already begun.
Even considering all of the unresolved controversies
that have yet to be played out, in particular regarding the relationship between the normative and empirical elements of the concept of guilt, it promises
to herald a major boost for the creation of an enlightened criminal law for the future.
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Data storage devices in a magnetic vortex. The core of this vortex structure, which physicists at the Max Planck Institute
for Intelligent Systems observe in wafers a few nanometers thick, forms a needle. It projects upward or downward from the
image plane and can thus constitute the zero or one of a data bit.
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Nanostorage
Devices Enhance Computers
in a Big Way
Computers today serve as a jukebox, movie archive and photo album, and must thus
provide fast access to ever-larger amounts of data. Scientists at the Max Planck Institute
for Intelligent Systems in Stuttgart and the Halle-based Max Planck Institute of
Microstructure Physics are paving the way for magnetic storage materials that make
this possible, cleverly taking advantage of the unique laws of the nanoworld.

TEXT CHRISTIAN MEIER

Photo: M. Kammerer/MPI for Intelligent Systems/NATURE, April 12, 2011
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hysicist Richard Feynman’s vision is quite breathtaking even
today: he imagined it would
be possible to store the contents of all the books in the
world − which Feynman estimated to
number 24 million in the late 1950s −
in a dust particle that is just barely visible to the naked eye. To do this, however, a digital bit – the smallest storage
unit that can record the values zero and
one – would have to be squeezed into a
space corresponding to the volume of
just 100 atoms.

MAGNETIC STORAGE DEVICES
ARE REACHING THEIR LIMITS
Perhaps it was this idea that has been
spurring on engineers. At any rate,
they have been packing more and
more data onto storage media, such as
hard disks, ever since. Their storage
density, or the number of bits per
square centimeter, doubles every 18
months. Some 30 years ago, a hard disk

could hold around ten megabytes of
data; today, they can store 100,000
times this amount. One bit still occupies a few hundred thousand atoms on
a terabyte hard disk. If bits and bytes
continue to shrink at the current rate,
Feynman’s dream will come true in
around ten years.
But the journey into the nanoworld, where a few hundred atoms
store or process information, is becoming more and more troublesome. Magnetic storage media such as hard disks
cannot be miniaturized to just any size.
Magnetic layers on their surface contain storage cells that each record one
bit. Whether the cell constitutes a zero
or a one is determined by a cell’s magnetization, which results from the sum
of the magnetic moments that the individual atoms in the cell carry. Each
atom acts as a tiny bar magnet, the direction and strength of which is stipulated by the magnetic moment. The
magnetic moments of the atoms align
either ferromagnetically or antiferro-

magnetically – that is, either all parallel or alternately in one direction and
then in the opposite direction – to form
storage points.

THE NANOWORLD HOLDS
MANY SURPRISES
The smaller the storage cells become,
the more unstable they become – in
other words, the magnetization changes involuntarily by itself solely by virtue of the cells absorbing thermal energy from their surroundings. This means
that data is lost over time. In addition,
the process of writing data onto hard
disks through the effect of magnetic
fields has its limitations, because magnetic fields are not really entirely suitable as arbitrarily fine pens.
As engineers continue to shrink
storage cells, they venture further and
further into the nanoworld, which is
full of surprises. The mere fact that
something becomes smaller than approximately 100 nanometers often fun-
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damentally changes its physical and
chemical properties. In addition, in this
size range, the bizarre laws of quantum
physics come into play. These laws
sometimes pose problems for electrical
engineers, but they also open up opportunities for new storage mechanisms.

A FINE PEN FOR MAGNETIC
NANOSTORAGE DEVICES
Basic researchers are thus exploring, for
example, new phenomena in magnetic nanostructures – and are coming surprisingly close to more than just Feynman’s vision. They also want to achieve
particularly high-speed data processing,

or they are searching for fundamentally new functions that facilitate, for instance, main memory that, unlike today’s RAM memory, remembers data
even without electricity − the time-consuming process of booting up the computer would then be a thing of the past.
Experimental and theoretical physicists are working closely together on
research into magnetic nanostructures.
The latter group includes Ingrid Mertig
and Arthur Ernst from the Max Planck
Institute of Microstructure Physics in
Halle an der Saale. The two scientists
are researching how, in the future, data
can be written to and read from an increasingly smaller space.

In conventional technology, a writing
head emits magnetic field pulses and
thus magnetizes the underlying storage cells. “This technology, however,
has been largely exhausted,” says Mertig. Magnetic fields cannot be concentrated onto an arbitrarily small surface.
If the magnetic bits become too small,
the magnetic field affects its neighboring cells when a cell is being written −
similar to attempting to fill in a square
on graph paper using a thick felt-tip
pen: the neighboring squares would
invariably also receive a bit of color.
So the Halle-based researchers use
electric fields as a particularly fine pen.
“These can be focused much more
sharply than magnetic fields,” explains Ingrid Mertig. The catch: an
electric field can’t penetrate a metal, as
the field induces a charge on the surface of the metal, and this charge then
blocks the field. The fine felt tip thus
writes, as it were, with an empty filler.
Things look different with an extremely thin metal layer – one that
consists of just two layers of atoms,
and is thus 100,000 times thinner than
a human hair. In such a layer, an electric field can, under certain circumstances, affect the layer’s magnetization. Experts call this effect, which
Ingrid Mertig and Arthur Ernst have
been researching for several years,
magnetoelectric coupling.
The effect works, roughly speaking, as follows: A strong electric field
displaces the free electrons in the layer − depending on the polarity of the
field, it either presses them deeper
into the layer or pulls them slightly
out of it. This leads to the repulsion
between the positively charged atomic cores being weakened or strengthened. Depending on the polarity of
the electric field, the two atomic layers thus move a few billionths of a
millimeter closer together or further
away from one another.

Nano-islands for high storage densities:
In two atomic layers of iron applied to
a copper substrate, magnetization can
be changed with an electric field, which
can be focused more sharply than a
magnetic one.
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The bizarre laws of quantum physics sometimes pose problems for electrical engineers,
but they also offer them opportunities for new storage mechanisms.

As the researchers in Halle found in
their numerous calculations, through
the quantum mechanical exchange interaction (see box on page 22), the
atomic distance affects whether the
double layer adopts the ferromagnetic
or the antiferromagnetic state. This
sparked an idea: they could use an electric field to change the distances, thus
switching the magnetization of the layer from ferromagnetic to antiferromagnetic and vice versa. In this way, a bit
could change from zero to one.

Photo: MPI of Microstructure Physics – Martin Hölzer

STORAGE DENSITY COULD BE
INCREASED 400-FOLD
In fact, the theorists in Halle, together
with experimentalists at the Karlsruhe
Institute of Technology, recently used
an electric field to write magnetic information in iron islands measuring
just a few nanometers in size. An island consisted of two layers of iron atoms on a copper substrate. The team
from Karlsruhe, headed by Wulf Wulfhekel, used a scanning tunneling microscope as the pen. An extremely
strong electric field of a billion volts
per meter is produced at the tip, which
ends in a single atom.
The field switches the iron islands
from the ferromagnetic state to antiferromagnetic or vice versa. The researchers read the magnetic state of
the island by recording how the current flow from the island into the tip
of the scanning tunneling microscope
changes with the voltage applied. The
resulting current-voltage characteristic is quite different for the two states.
The iron islet consists of only
around 300 iron atoms − the researchers are thus coming very close to
Feynman’s dream. A storage medium
based on this technology could store
data 400 times more densely than today’s data storage devices. Although
the iron islands are very tiny, their
magnetization remains stable. Arthur

In which material is the magnetization strongest? Arthur Ernst, Ingrid Mertig, Sergey Ostanin
and Michael Fechner (left to right) investigate which composition of the nano-islands results
in the strongest magnetoelectric coupling.

Ernst knows the reason from his theoretical calculations: “There’s a very
high energy barrier between the two
magnetic states that can be overcome
only with the high electric field.” This
means that the states themselves have
approximately the same energy − like
two Alpine valleys of the same depth,
separated from one another by a high
mountain massif. The system therefore does not change spontaneously
from one state to the other, because it
wouldn’t gain a great deal of energy
from it.
The theoreticians’ computer models serve as tools in a kind of virtual
laboratory. They use them to calculate, for example, how the magnetoelectric coupling depends on the composition of both the double layer and
the substrate. In this way, they find

the optimum material combination
without carrying out costly experiments in the lab.
“The difference in magnetization
between the two states should be as
great as possible for industrial application,” says Mertig. “We have calculated that an iron-cobalt alloy with 25
percent cobalt provides a large magnetic signal,” comments the physicist.
At present, the researchers in Halle are
working with experimental physicists
on testing this prediction. Ingrid Mertig is confident: “The predictive efficiency of our models has proved very
high in the past.”
Another theoretical physicist at
the Halle-based Max Planck Institute
of Microstructure Physics goes further
than even Feynman dared to dream.
According to calculations by Valeri
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Stepanyuk, it is possible to write a bit
in just one single atom. “It is not possible to pack information any more
densely; the atom is the fundamental
limit for the miniaturization of data
storage devices,” says Stepanyuk. The
magnetic moment of the atom would
serve as an information storage device.
The up or down direction of these tiny
compass needles would determine
whether they constituted the zero or
one of a bit.
Switching between the two states
would be done, as Ingrid Mertig and
Arthur Ernst do, using a scanning tunneling microscope. And here again,
the distance between atoms decides
the orientation of the compass needle.
But in Valeri Stepanyuk’s case, there

are only two atoms: one atom, known
as an adatom, that lies alone on a metal substrate and is intended to store
the bit, and the atom in which the microscope tip ends.

STORAGE DEVICES HAVE TO
PROCESS A LOT OF DATA QUICKLY
As Valeri Stepanyuk’s calculations
show, the moments of the atom in the
tip and those of the adatom are parallel if the two are relatively far apart. If
the tip draws closer to the adatom, its
moment shifts 180 degrees, so that the
moments take on an antiparallel orientation. The basis for this switch mechanism is, as with the magnetoelectric
coupling used by Ingrid Mertig’s team,

the quantum mechanical exchange interaction, though in an indirect form
(see box).
“Since we don’t need an electric
field, the switch process is very energysaving,” says Stepanyuk. His team’s
computer simulations also show that
different materials are suitable for such
a single-atom storage device. The researchers selected chromium as the tip,
and chromium, manganese, iron and
cobalt as adatoms.
“The computer models can also be
adapted to other materials,” says Stepanyuk. The stability of the atom bit is
also, consistent with his calculations,
quite large. And finally, the bit can also
be read out, because the electrical resistance between the tip and the adatom

Subatomic particles of a certain type, such as protons or
electrons, are completely identical − two eggs are true individualists in comparison. This indistinguishability has
consequences. The quantum mechanical wave function,
which describes the state of a system composed of multiple electrons – as is the case with, for example, an atom
or a solid – may not change its value if two electrons
change places. Thus, with regard to a particle exchange,
it can be either symmetric (it doesn’t change at all) or antisymmetric (it changes its sign). The wave function consists of two components: one indicates where the particles are most likely to stay (location component); the
other, how the magnetic moments of the particles – that

is, their “spin” – are oriented to one another (spin component). Because the wave function of a system composed of
electrons must be antisymmetric, a symmetric location
component requires an antisymmetric spin component
and vice versa. Physicists refer to this as exchange interaction. A symmetric spin wave function corresponds to a
parallel orientation of the magnetic moments, an antisymmetric one to the antiparallel orientation.
As the distance between the atoms in a solid increases, a different spatial distribution of the electrons, and an
attendant change in the symmetry of the location wave
function, may be more energetically favorable. The spin
wave function then changes from antisymmetric (antiferromagnetic spin orientation) to symmetric (ferromagnetic)
or vice versa.
There is also an indirect exchange interaction, as plays
a role in Valeri Stepanyuk’s theory. According to this, electrons hop between two atoms (the tip and the adatom) because they then have more room, which reduces the kinetic energy in the system and is therefore preferred. Hopping
works better if the magnetic moments of the electrons are
oriented parallel to each other. If the tip and the adatom
draw closer, then the direct exchange interaction takes effect and an antiparallel orientation of the magnetic moments results.
How the magnetic moment in the atom is oriented on a surface
depends on the distance to the tip of a scanning tunneling
microscope, due to the indirect exchange interaction.
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MAGNETIC EFFECT WITHOUT FORCE

Photo: Tom Pingel

Physics model in matches: Matthias Kammerer, Gisela Schütz and Hermann Stoll (left to right) illustrate why the magnetic moments in the
vortex core form a needle. They found sophisticated methods for quickly turning the needles from top to bottom.

differs measurably according to whether the magnetic moments are oriented
parallel or antiparallel to each other.
Up to now, this technology has
been only a theoretical possibility.
However, an experiment is currently
being prepared to check the calculations, Valeri Stepanyuk emphasizes.
Despite all the fascination that
Feynman’s vision of a particle of dust
containing all the knowledge in the
world holds: minuteness is not everything. The modern flood of data also requires high-speed storage devices and
high-speed access. It’s all about “dynamics,” as researchers say; in other
words, how quickly the switch can be
made from zero to one. Writing and
reading should require as little power
as possible and be technologically manageable in this tiny space and these
short periods of time.
Magnetic nanostructures can also
score in terms of speed. Basic questions
on the high-speed dynamics of magnetic nanostructures are being researched
by a team including Hermann Stoll and

headed by Gisela Schütz at the Max
Planck Institute for Intelligent Systems
(formerly the Max Planck Institute for
Metals Research) in Stuttgart. For several years, the researchers have been examining the magnetic properties of ferromagnetic wafers made from an alloy
of nickel and iron, known as permalloy.

MAGNETIC FIELD PULSES QUICKLY
SWITCH VORTEX CORES
Because of their tile-like form and minuscule dimensions of approximately
one thousandth of a millimeter edge
length and around 50 nanometers
thickness, the permalloy wafers demonstrate a remarkable magnetic phenomenon. The magnetic moments of
the metal atoms arrange themselves,
not parallel or antiparallel to each other, but rather like a target, forming concentric rings known as vortices.
There is no room for a circle in the
center of the vortex structure. How the
magnetic moments organize themselves here can be illustrated by trying

to lay concentric circles of matches on
a table. It is not possible in the center
because the matches are too long.
Nevertheless, they can be accommodated by rotating them out of the plane,
forming a needle pointing upward. Accordingly, the magnetic moments in the
center of the permalloy wafer rotate out
of the plane and form a magnetic field
needle with a diameter of just about 20
nanometers, a so-called vortex core.
Because the vortex cores can project
upward or downward from the two faces of the wafers, they are able, in principle, to store one bit. But there is a
problem. “The needle can, indeed, be
turned 180 degrees by an external magnetic field,” says Hermann Stoll. However, this field must be around 0.5 Tesla, or only about three times weaker
than the strongest permanent magnets.
The vortex cores therefore seemed unsuitable for data storage devices − they
would actually be attractive due to their
stability to external magnetic fields, as
well as to high temperatures, but they
would be quite difficult to switch.
>
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One of the newly formed needles, the
antivortex, fuses with the original vortex core, with the two destroying each
other. In the end, only the second of
the two additional magnetic needles remains and forms a new vortex core −
and it points in the opposite direction
from the original vortex core. It was
this discovery that suggested the use of
vortex cores for data storage, because
they can now be switched with small
and short magnetic field impulses.
They also remain very stable to external static magnetic fields.

Using the Maxymus X-ray microscope, which is installed here in Berlin at the Bessy II storage ring,
the team headed by Gisela Schütz watches in extreme slow-motion films how the magnetic
structure in a material changes on the nanometer scale.

Back in 2006, however, the researchers
in Stuttgart found a possibility to specifically switch the otherwise highly
stable vortex cores using magnetic
field pulses of just 1.5 thousandths of
a Tesla. They worked on this with colleagues from Regensburg, Bielefield,
Ghent and Berkeley. The scientists directed an extremely short magnetic
field pulse lasting just four nanoseconds – four billionths of a second –
onto the wafer. The magnetic field
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lines of the pulse ran parallel to the
wafer instead of vertical.
The result amazed the researchers.
These weak magnetic pulses, which
need only extremely low power, reliably switched the vortex core. The scientists explained this at the time as follows: roughly speaking, the short
magnetic field pulse produces two other magnetic field needles – a vortex-antivortex pair – that are both directed
against the originals.

“This discovery was a great stimulus
for our research field,” says Gisela
Schütz. The 2006 publication has
since been cited nearly 200 times, and
the first experiment and the explanation confirmed in a variety of ways.
The Stuttgart-based researchers are
now also switching the vortex cores
selectively, only from top to bottom
or vice versa. For this they use magnetic field pulses that sometimes rotate clockwise and sometimes counterclockwise, thus preventing a pulse
from initially turning a vortex core in
one direction, but returning it again if
the pulse lasts too long.
But that was still not enough for the
researchers in Stuttgart. Although the
switching times of a few nanoseconds
were already in the range of the current
fastest storage device systems, the scientists were seeking fundamentally
faster switching processes.
Using the Max Planck Society’s new
Maxymus X-ray microscope at the
Bessy II storage ring in Berlin, they
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THE SEARCH FOR FASTER
SWITCHING PROCESSES
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Graphics: M. Kammerer/MPI for Intelligent Systems/NATURE, April 12, 2011

The upward- or downward-oriented magnetic
needle of a vortex core (left and right simulation)
could encode the zero and one of a data bit. Spin
waves (center) are created with short magnetic
pulses in order to rapidly switch the vortex core.
Otherwise, however, it is very stable to static
magnetic fields.

were recently able, with colleagues
from Regensburg and Ghent, to make
another ground-breaking discovery.
With this instrument, it is possible to
capture images of the magnetic structure of the permalloy wafers with a
spatial resolution of 20 nanometers every 30 picoseconds – in other words,
to shoot an extreme slow-motion film.
In this way, Matthias Kammerer
found, in connection with his doctoral work, a switching mechanism for
the cores that lasts just 240 picoseconds, or 0.24 nanoseconds – 20 times
faster than was discovered in 2006.
And it can be accelerated even further,
as the research group determined in
theoretical calculations. “It will be
possible to push the switching time
well below 100 picoseconds,” Hermann Stoll believes.
In the new mechanism, a magnetic field pulse leads to spin waves, or
wave-like propagation of fluctuations
in the magnetization of the material.
Ultimately, thanks to these stimuli,
two additional magnetic field needles
form in the reverse direction to the
original vortex core. One of the two
new magnetic field needles and the
original one then dissolve again literally into nothing.
In the process, the vortex core
moves within a radius of less than 20
nanometers, so it essentially doesn’t
move from the center of the wafer. The
vortex structures can thus possibly be
reduced to 50 nanometers in diameter
if the development of suitable materials progresses further. This makes them
competitive in terms of storage density, even if, in principle, they can’t be as
small as, for instance, the iron islands
that Ingrid Mertig is investigating.

The main advantage of the vortex
cores, however, is the speed of the
switching process, says Gisela Schütz.
“Another technologically important
aspect is the fact that the vortex cores
can be switched with microwave pulses, which can easily be done with today’s widely perfected high-frequency technology.” The vortex cores can
be very precisely addressed with extremely low power through a very
fine-meshed grating of crossed tracks
in which a magnetic field is generated at each intersection.

NEW PHENOMENA SPAWN
UNFORESEEABLE TECHNOLOGY
The researchers have also already
solved the problem of reading. A
magnetic tunnel contact, a magnetic
sensor that is widely used today, is applied over each vortex core. The sensor is just as minute as the underlying storage element and detects the
orientation of the vortex core with
extreme sensitivity. This creates all
the necessary conditions for inserting
vortex cores into logic components
that process data rapidly and energyefficiently, believes Hermann Stoll.
Or in non-volatile main memories of
future computers that don’t lose
their memory when the computer is
switched off.
Mr. Stoll emphasizes, however,
that his group is conducting basic research: “First and foremost, our
knowledge-oriented experiments and
theoretical calculations provide information on the basic dynamics of magnetic nanostructures,” he says. “We
are seeking new phenomena in minuscule dimensions. These could pro-

vide the impetus for completely new
technical developments that we can’t
possibly foresee today.”
This was not so very different for
Richard Feynman 50 years ago. Even
the physics genius himself did not
foresee little iron islands in nano-format on which a scanning tunneling
microscope writes information, single
atoms that become data storage units,
and magnetic vortex cores that withstand even an enormous magnetic
field, but can be switched by weak
magnetic field pulses. Just as researchers today find it difficult to predict the
abilities of future computers.

GLOSSARY
Magnetoelectric coupling
With an electric field, this enables the
magnetization to be changed in very
thin layers. It is based on the fact that
the electric field influences the distance
between the atoms, which affects the
magnetic state of the layer.
Vortex core
In a wafer made of a ferromagnetic
material, the magnetic moments of the
material arrange themselves, if the edge
lengths and thicknesses are not too
small, in a circular manner like the rings
of a target. At the core of this vortex
structure, the magnetic moments rotate
upward or downward out of the wafer
plane. This vortex core has a diameter
of just 10 to 20 nanometers.
X-ray microscope
A microscope that works with X-rays
instead of visible light and makes it
possible, among other things, to achieve
a very high resolution. Using circularly
polarized X-rays, it can be used to examine the magnetic order in a sample in
great detail.
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Aromatic Chips
Printable, flexible and low-cost – these are the properties that engineers hope to
achieve with organic electronics. Researchers at the Max Planck Institute for Solid
State Research and the Max Planck Institute for Polymer Research are investigating
various materials that can be used to manufacture monitors that can be rolled up,
or low-cost chips for mass-produced articles.
TEXT TIM SCHRÖDER

Banknote with chip: The transistors that the Stuttgart-based
researchers manufacture from small organic molecules even
operate reliably on a rough and crumpled banknote.
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erhaps Hagen Klauk should
have been a physics teacher. In
any case, he can explain things
as well as they do. When he explains how electrons are transported through semiconductors, the
process suddenly seems to be as clear
and simple as a circuit with a battery
and a light bulb. Klauk is standing in a
dust-free cleanroom wearing a white,
hooded overall. The ventilation hums
quietly. “Of course, if the molecules in
the semiconductor are too large or
twisted, the electrons are obstructed
and can’t really move forward,” he says,
turning and bending and stretching his
arms. Then he straightens up. “But if
the molecules lie in a well-ordered arrangement and are very close to each
other, the electrons can really whizz
through the material.”
The question of how electrons can
be speeded up has been occupying him
for more than ten years. One might
think there were more exciting things
in life, but Klauk really gets going when
he talks about his vision of a flat screen
that can be rolled up, that is as thin as
an overhead transparency and as colorful as a smartphone display. “A screen
composed completely of flexible, elas-

tic electronics that can be rolled up and
put into your pocket – we are trying to
do our part to make this a reality.”

LIGHT-EMITTING DIODES IN
PERFECT ARRAY
Conventional displays consist of glass
onto which a wafer-thin, disordered
layer of silicon – the electronic material par excellence – is vapor-deposited.
This type of display obviously can’t be
folded. Not only because of the glass,
but also because the silicon would flake
off and crumble if it were rolled up or
folded. This is why Hagen Klauk is interested in a class of materials that people didn’t really take seriously until the
early 1990s: synthetic materials with
electrical properties. These organic electronics consist mainly of carbon and
hydrogen molecules – the most important constituents of plastics. But the
flexible and robust electroplastic can’t
yet compete with high-performance silicon because, among other things, the
electrons don’t yet streak through the
material fast enough.
Klauk and his colleagues specialize
in transistors, which are key elements
of all electronic components, and dis-

plays, as well. Transistors are a kind of
valve for electric current. They regulate
the flow of current in microprocessors
and in the tiny light-emitting diodes of
flat screens. Klauk takes a small magnifying glass from the desk. “Just take a
look at the pixels on my smartphone
with this.” Indeed, what can usually be
seen as tiny, blurred dots on the screen
enlarges to a perfectly ordered row of
red, green and blue lines – very tiny,
measuring just a few micrometers.
Every single one of them is a lightemitting diode, and each light-emitting
diode is controlled by its own tiny transistor. When current flows, the diode
lights up, brighter or darker depending
on the current flow. A large screen uses
millions of transistors, and to date, all
of them, without exception, have consisted of vapor-deposited silicon.
Not so in Klauk’s cleanroom laboratory at the Max Planck Institute for Solid State Research in Stuttgart. He no
longer uses silicon, but only transistors
made of plastic – or to be more precise,
of small, elongated hydrocarbon molecules whose electron distribution means
they belong to the aromatic compounds. Light-emitting diodes from hydrocarbon molecules, the “organic light-
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semiconductor material on the top,
which is subsequently deposited on
the dielectric. Such a semiconductor
can conduct electricity or act as an insulator, depending on its state. Its behavior is controlled via the voltage at
the gate electrode. Of course, current
flows through the semiconductor only
when the material touches two electrical contacts between which the electrons can move. These contacts are
called source and drain, and sit at the
very top of the transistor.
Transistors with a silicon heart are
established and mature. With the organic transistors – the organic field-effect
transistors, or OFET – Klauk and his colleagues had to work on several issues at
the same time. These included the migration speed of the electrons or, more
precisely, their mobility in the semiconductor material. The faster they react,
the faster the transistor can be switched.
Light on, light off. Diode on, diode off.
This must happen quickly in order for
the image on the display to then appear
with no flicker. The second point is the
operating voltage. Some transistors require a voltage of between 50 and 100

volts for the current valve to open at all.
This would be far too high for a display
that could be rolled up and put into a
briefcase. It should operate with three
volts at most – the voltage of a conventional small battery.

LOW VOLTAGE FOR THE
CURRENT VALVE
Some time ago, Klauk worked his way
through a large number of publications
by other scientists, searching for articles
on the operating voltages of various organic transistors. The figures were enormous. Most of them were between 10
and 200 volts. A portable electro-gimmick would have been inconceivable.
Some labs came close to the 5-volt
mark, but none had gone below this. It
is known that the voltage decreases especially when a thinner dielectric is
used, but in a thin insulating layer,
holes and defects are noticeable immediately. The performance of the transistor decreases considerably because the
electron transport is obstructed. This
marked the start of the search for a
thin, yet non-leaky dielectric.

Photo: Axel Griesch

emitting diodes,” or OLEDs for short,
are already being produced on an industrial scale. Some electronics companies are using them in the first displays
for smartphones and tablet PCs. But
there are no similarly powerful organic
transistors yet. These are precisely what
Klauk wants to develop, because the
flexible screen of the future needs both:
flexible light-emitting diodes and flexible transistors.
Whether a transistor is made of silicon or hydrocarbons has, initially, no
impact on its structure. First there is
the substrate, the base material, onto
which the layers of the transistor are
deposited in a kind of sandwich. The
substrate is usually glass. Klauk and his
colleagues use wafer-thin film made of
the plastic PEN, overhead transparency film. A thin layer of aluminum is vapor-deposited onto the substrate. This
metal blob is called a gate electrode,
which is used to control the current
valve: it controls the flow of electrons
through the semiconductor.
A thin insulating layer, the dielectric, comes next. This separates the
gate electrode on the bottom from the
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Hagen Klauk’s team can conduct convincing experiments with organic semiconductors only in the dust-free atmosphere
of a cleanroom. Ute Zschieschang (in the foreground) first carries out a visual check to determine whether the individual
layers have properly deposited on a film.
Testing transistors: Hagen Klauk (top) works at the electrical testing station to electrically characterize an organic transistor.
The substrate on which the researchers produced the transistors is the thin, circular polymer film at front left, on the sample
table. The image below shows two organic light-emitting diodes (one red and one green) that can be electrically controlled
with the aid of the transistor.

Klauk’s colleague, Ute Zschieschang,
came up with the groundbreaking idea.
Earlier experiments with thin dielectrics composed of alkyl silanes, elongated molecules with a silane anchor
group, had shown that silanes adhere
well to silicon, but not to aluminum.
Zschieschang leafed through scientific
journals and learned that phosphonic
acid anchor groups adhered significantly better to aluminum. Instead of the
alkyl silane, Zschieschang now used alkyl phosphonic acid. This had the desired effect. These molecules lined up
side by side on the gate electrode like
the bristles of a brush, forming a waferthin, non-leaky dielectric only two
nanometers thick. The operating voltage fell to below 2 volts!
But the transistors were still too
slow, and their switching frequency
too low. Although the human eye
needs only 24 images per second in order for a film not to flicker and individual images to merge and form a
stream of images, this would be nowhere near enough for a flat screen.
Here, the image is compiled from top
to bottom; the diodes are activated
row by row. A large screen easily has
more than a thousand lines that have
to be switched on and off at breakneck
speed. Ultimately, this is possible only
when the transistor switches in the
megahertz range, around one million
times per second. But this was precisely what the organic transistors came
nowhere near to achieving. A new
semiconductor was needed.
For a long time, Klauk and his colleagues experimented with the standard semiconductor pentacene – an aromatic hydrocarbon. But pentacene is
rapidly attacked by atmospheric oxygen. The semiconductor property is
thus lost after just a few weeks. In 2007,
Klauk happened to come across a pub-
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NEW SEMICONDUCTOR MAKES
ELECTRONS MOBILE
The DNTT was extremely good at withstanding oxygen attacks. And Klauk
discovered that this was by no means
everything: the experiment showed
that the electrons, the charge carriers,
were much more mobile in this semiconductor – around three times as fast
as before. The reason for this is primarily that the DNTT molecules arrange
themselves in an orderly pattern. But it
would still take a while before the birth
of the megahertz transistor.
“The art is not only to choose the
right materials, but also to design the
whole manufacturing process,” says
Klauk. His cleanroom contains baking
cabinets the size of a microwave oven,
a variety of other over-sized equipment
and a few microscopes. One of the most
important tools is the vacuum unit – a
black box with knobs and indicators.
On the side hangs a sort of steel cheese
dome. This is where the scientists coat
the flexible plastic films with the organic transistors, layer by layer.
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Basically, says Klauk, it’s all quite simple. At the bottom of the vessel, the
aluminum and the hydrocarbons are
vaporized one after the other. The vapor wafts upward and condenses on
the plastic film. A shadow mask with a
very fine structure, a stencil, accurately controls where the substances are
deposited. This is how the fine transistor sandwich structure grows, step by
step. Only their years of experience enable the researchers to control the
equipment in such a way that the substances are deposited in a perfect, unbroken and well-ordered manner one
on top of the other on the plastic film.
A layer of gold at the very top forms
the source and drain contacts.
“I think we are probably one of the
few cleanroom laboratories in Germany that can test organic semiconductor
materials so quickly and thoroughly,”
says Klauk quite naturally and without
a trace of vanity. Several industry companies and research laboratories regularly send him samples. “Who knows,”
says Klauk with a smile, “maybe we will
be the ones who discover the perfect
semiconductor for the flexible monitor
of the future.”
The Stuttgart-based researchers
process their organic electronics at relatively moderate temperatures – less
than 100 degrees Celsius, some substances even at room temperature. Silicon, in contrast, is processed at sever-

al hundred degrees Celsius. This is
another reason why it is so difficult to
unite silicon and flexible substrates.
Plastic films do not survive the heat.
Looking through one of the films that
Klauk’s team equipped with transistors
and circuits, it’s hard to believe that
they really can conduct or control current. They are so thin, so insignificant
and look like a normal printed overhead transparency.
But they are powerful. The research
team in Stuttgart recently managed
the transition to the megahertz rate –
with the aid of a new shadow mask.
During the coating process, Klauk previously covered the plastic substrate
with a stencil that was likewise made
of plastic. The fine transistor patterns
are cut into this negative form with a
computer-controlled laser. This is done
by a specialist company. It is not possible to cut the shadow mask plastic arbitrarily fine, however, and for a long
time, this limited the separation between the source and drain electrodes
– it couldn’t be made smaller than 10
micrometers. But the closer together
the source and drain are, the faster the
transistors switch.
It took Klauk a long time to figure
out how to narrow the gap. Then, some
time ago, he became acquainted with
the microelectronics laboratory IMS
Chips in Stuttgart, which uses a highprecision plasma process to etch pat-
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lication by researchers at the University of Hiroshima. They had synthesized
a type of pentacene twin, which they
implanted with two additional sulfur
atoms: the semiconductor molecule dinaphtho-thieno-thiophene, or DNTT
for short.
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left: The researchers in Stuttgart use
an evaporator to deposit organic semiconductors onto overhead transparency
film, and also onto banknotes. They
deposit the substances onto the substrate through a shadow mask in order
to produce the structures of transistors.

terns into the membrane stencils with
an accuracy of better than 1 micrometer. This brings the source and drain
much closer together, and enabled
Klauk and his colleagues to achieve the
megahertz switching frequency for the
first time last year.

Photo: Axel Griesch

TRANSISTORS SURVIVE THE
STRESS OF BENDING
The organic transistors from Klauk’s
cleanroom are now quite mature. They
are robust and, above all, incredibly
flexible. A year ago, his team caused a
stir with transistors on a five-euro note.
Plastic is smooth. Money is not. Although the structure of the cotton fibers in the banknote is rough, the transistors work surprisingly well. “We
measured the small transistors individually – more than 90 percent were functional,” says Klauk.
He then teamed up with Japanese
researchers to go one step further. In an
experiment, they bent the film at a
sharp angle. “About a radius of one
tenth of a millimeter,” says Klauk. As if
it were bent around the edge of a razor
blade. The transistors survived this
bending stress as well. The Japanese colleagues were already speculating about
possible applications in the joint journal article. Such an electrical film, they
said, could be rolled up to form a wafer-thin catheter to directly measure

Ute Zschieschang and Hagen Klauk have made such progress with their organic
semiconductors and their processing that they can now produce powerful electronic
components on flexible and transparent materials.
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bottom: An organic transistor operates
according to the same principle as the
established silicon transistors: The current
flow between the source and drain
electrodes is controlled via the gate
electrode. The scientists in Mainz use the
polymer CDT-BTZ, for example, as the
semiconductor.
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blood sugar in the veins or perhaps
even to track down viruses.
Klaus Müllen, Director at the Max
Planck Institute for Polymer Research
in Mainz, has also been contemplating
medical applications. Just like Klauk,
Müllen is developing organic field-effect transistors, among other things. A
synthetic chemist, he is primarily trying to create the perfect molecule for
the organic semiconductor of the future. The strength of organic electronics, according to Müllen, is that they
cost much less than silicon.
Instead of growing silicon structures
in lengthy production processes, organic molecules can be produced essentially in a test tube. Some day it should be
possible to print these substances onto
plastic films, as with an ink jet printer
– a process that would make this technology incomparably inexpensive. “I
have this idea of small, low-cost transistors for RFID chips in radio tags, for
Christmas cards that play music, or as
cheap disposable sensors for medical
tests,” says Müllen. For quick blood
sugar tests, for example. It would be
conceivable that the glucose molecules

deposit between the source and drain
and disrupt the charge transport, thus
providing an indication of the glucose
concentration in the blood. “It will take
a while for organic electronics to become established in the high-end segment, for screens, for example,” believes Müllen.

WORLD RECORD IN THE
MOLECULAR CHAIN
In the past, Müllen focused mainly on
certain organic semiconductor molecules that were originally thought of as
material for solar cells. Last year he established a world record here. Compared with Klauk’s reasonably sized
semiconductor substance DNTT, Müllen’s molecules are true monsters, huge
chains of molecules, so-called polymers, where the same molecular segments are repeated over and over again.
A co-polymer bearing the difficult
name cyclopentadithiophene benzothiadiazole, or CDT-BTZ for short, is
particularly suitable for transistors.
These molecular chains combine
two properties. They have segments

Photo: Thomas Hartmann Fotodesign

top: At the Max Planck Institute for
Chemistry in Mainz, researchers work
with an apparatus that is similar to that
of their colleagues in Stuttgart. However,
they investigate long or branching
polymer molecules as starting materials
for low-cost electronic components.
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A pioneer of polymer electronics: Klaus Müllen and his colleagues use apparatuses like
these to synthesize materials from which transistors, light-emitting diodes and solar
cells could be produced in the future.

must adhere to the substrate perfectly
and be flexible at the same time. No organic polymer electronics in the world
provide this yet. Müllen and Klauk
know that there is still quite a lot of
work to do. Just how many years, neither of them knows. “I would, however, like to live to see the roll-up display
made of organic diodes and transistors
on the supermarket shelf,” Klauk says,
and laughs.

GLOSSARY

Photo: MPI for Polymer Research

Aromatic compounds
Chemical compounds such as benzene,
for example. They usually have an almost
planar carbon framework that contains
at least one ring system with single and
double bonds in an alternating arrangement. If the system has 4n+2 double bonding electrons (n is an integer), they are
delocalized to such an extent that single
and double bonds can no longer be differentiated. This electronic structure favors
the charge transport.

that act as so-called donors, and segments with acceptor properties. Donors preferentially donate electrons,
while acceptors tend to accept electrons. Both properties in the same
molecule cause electrons to be passed
on quickly, just like water buckets
along a chain of firefighters.
Previously, it had been necessary to
mix different substances with donor
and acceptor properties in these types
of semiconductors. CDT-BTZ provides
this in a combo-pack. The result is impressive: The charge carriers migrate
through the material around three
times as fast as with today’s best organic semiconductors and with Klauk’s
transistors. A world record. “However,
it took a lot of experiments before we
had completely redesigned the original CDT-BTZ molecule,” says Müllen.
He and his colleagues modified the
branches, the ends of the molecule.
“It’s a mixture of experience and imagination that come together for such a
development.”
The charge transport also works so
well because the long CDT-BTZ molecular chains huddle together like spaghet-

ti in a packet of pasta, and thus form a
type of racing track for the charge carriers. They only do this if they are manufactured correctly, however.
Unlike Klauk, Müllen does not deposit the substances in a vacuum. He
wets the substrate with a polymer solution. As the solvent evaporates, the
molecules arrange themselves to form
the semiconductor layer. This also takes
quite a lot of experience. The molecules
must not clump together. They must
converge to form an even layer. “The
first one or two molecular layers are
particularly important,” says Müllen.
“If their order is not perfect, a functional semiconductor layer cannot grow.”
Everything must be just right: the temperature, the speed with which the solvent evaporates. And the surface must
be extremely clean.
With CDT-BTZ, Müllen has already
synthesized an almost perfect molecule. And with his polymer solutions,
he is already quite close to the printing
process. Nevertheless, the hurdles are
still high. The printable polymer semiconductor ink of the future must not
run, not shrink and not crumble. It

OLED
Organic light-emitting diode, which is
constructed from semiconducting hydrocarbon molecules and used mainly in the
manufacture of thin displays. It is less
expensive than conventional (inorganic)
light-emitting diodes, which consist of
vapor-deposited silicon.
Field-effect transistors
Unipolar transistors in which only one type
of charge is involved in the current transport, so, for example, only electrons flow
from the source to the drain electrode.
The current flow is controlled by the voltage applied to the gate electrode. Similar
to a valve, this allows more or fewer
electrons to migrate through the semiconductor. They are manufactured mainly
from ultrapure semiconductor crystals.
OFETs
Organic field-effect transistors, whose
semiconductor is constructed from organic
materials. Although OFETs can be manufactured at a lower cost than conventional
field-effect transistors, they are significantly more sensitive to external factors,
greatly reducing their lifetime.
RFID
Radio frequency identification, which
allows objects that are tagged with RFID
chips as radio labels to be automatically
identified and localized. This can greatly
simplify data capture, for example from
books in a library.
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Digital Memory
in Pole Position
Currently, computers store data stepwise: when a computer is
switched on, it first has to load from the hard disk to the internal
memory. At the Max Planck Institute of Microstructure Physics,
Dietrich Hesse and Marin Alexe are researching materials for
computer memories that would make computer booting redundant
and could compress data very densely.

TEXT PETER HERGERSBERG

T

left: A hotbed of innovative storage
materials: In the vacuum chamber,
the scientists in Halle produce clean
ferroelectric layers using pulsed
laser deposition.

xxxxx

right: Ionela Vrejoiu needs a lot of skill
and experience to produce the required
purity and structure of metal oxides.

hings got really exciting for
Marin Alexe one evening
when he was standing in
line for a beer. Not that his
day had exactly been dull.
Alexe had come from Romania to Halle specifically for the Autumn School
on Electron Microscopy. Scientists in
various disciplines from microbiology
to solid state physics had gathered
here in September 1994 at the Max
Planck Institute of Microstructure
Physics to learn the latest on the method used to investigate metals, ceramics, viruses and protein molecules,
atom by atom. Marin Alexe had previously had little to do with this in his
everyday work.
“I just wanted to learn about the
method,” says the physicist, a cheerful
man with a large, distinctive moustache. At the time, he was head of a
working group at the National Institute of Material Physics in Bucharest,
despite being only a recent Ph.D. himself. As he waited for his beer after attending a series of lectures, he found
himself by chance standing next to
Dietrich Hesse, with whom he began a
discussion. This chat was to have farreaching consequences.

The two scientists still remember every
detail of their first meeting. They were
sitting in Alexe’s cramped office, its
walls lined to the ceiling with books,
and in between them, a stack of drawers with numbered specimen jars.
Marin Alexe recounts how he talked
with Dietrich Hesse for hours on that
evening in September 1994. Some two
years later, he moved from Bucharest to
Halle and took up a position at the Max
Planck Institute, for two years as a visiting scientist before becoming a permanent member of the institute’s scientific staff. During their idle
conversation, the physicists quickly realized that they were working on the
same topic: ferroelectrics.
>
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A memory made from a ferroelectric material can pack information very densely,
and still retain it when the computer is switched off.

Globally, only a few experts are researching these materials, although
they are of interest not only to physicists with an affinity for unusual effects, but also for applications in microelectronics. A computer that stores
information in a ferroelectric material
would have an advantage over today’s
computers right from the outset: instead of starting up slowly when
switched on, it would come alive at the
press of a button, just like a TV screen.
When a computer is switched on, it
loads data from the hard disk to the internal memory, from long-term to
short-term memory, so to speak. Using
ferroelectric memories could make this
sharing redundant, since these materials combine the advantages of both
hard disks and internal memories.
The hard disk stores digital information in tiny magnets whose poles go
in two directions, so that the hard disk
retains the information permanently.
However, its data density is limited because it is written and read using a
magnetic field that cannot focus down
to a few nanometers. Moreover, too

much heat is produced to execute the
computing operations of a running
software program. The internal memory does not have these problems, but
it loses its data when the power is
switched off. It memorizes electrically
only what people need on the screen
in front of them.

MERGING INTERNAL MEMORY
AND HARD DISK
A memory made from a ferroelectric
material can do both – compress information very densely and still retain it
when the computer is switched off or
a power outage occurs. In a ferroelectric material, information is stored on
permanent electric dipoles. It can be
called up and changed using an electrical field, a voltage that can be limited
to a very narrow area.
The dipoles are created because, in
ferroelectric materials, positively and
negatively charged ions are slightly
shifted against each other in the crystal lattice. Like magnetic dipoles, they
can orient themselves in opposite di-

rections and thus store the zero and
one of the digital code. And they can
do so permanently: the ions remain in
the polarized positions even when the
voltage used to write the zero or one is
switched off, just as the magnetic moments in ferromagnets retain their orientation even without an external
magnetic field. This analogy with ferromagnets is what gives ferroelectric
materials their name.
However, before these materials
will make it possible to merge the internal memory and the hard disk, a few
fundamental questions still need answering. To what size can ferroelectric
data points shrink, and how densely
can they be packed? How does polarization reversal work, exactly? Can it
perhaps be speeded up? And how can
transistors be efficiently produced out
of this material?
These were some of the questions
that Dietrich Hesse and Marin Alexe
discussed at length on that late summer evening in 1994. “I must definitely introduce you to Mr. Gösele,” said
Hesse to his Romanian colleague at the
end of the evening, and the next morning he took him to Gösele’s office.
“I didn’t know who Mr. Gösele was,”
says Alexe. “Such a nice guy, and so
young – I could hardly believe he was
a Director.”
Ulrich Gösele, who died quite unexpectedly two years ago, had initiated the research on ferroelectrics at the
Max Planck Institute of Microstructure
Physics. “He always tried to solve fundamental problems with an eye to future developments in microelectronics,” says Dietrich Hesse, a thoughtful,
easygoing guy. And this continues to

The Halle scientists place ferroelectric
substances on different sample holders for
their experiments. The partially green-coated
gold-colored holder in the center of the
photo is used in experiments at low temperatures and in a magnetic field.

36

MaxPlanckResearch 3 | 11

Photo: Sven Döring

»

1

2

Photos: Sven Döring (large photo), MPI of Microstructure Physics (2)

3

1

The route to the nanodimension: Marin Alexe used an electronic beam to cut micro- and nanostructures from
a metal-organic material, which he then converted into a ferroelectric material.

2

The scientists in Halle can achieve a storage density of up to one terabit per square inch, by depositing ferroelectric
dots through a perforated mask.

3

The scientists etch the masks for extremely small nanostructures using a DC current in an acid bath located in
can-sized containers. Cooling water at a temperature of one degree Celsius is pumped through the pipes, which
are thickly wrapped for heat insulation.

define the work of the scientists in Halle today. “We clear the big boulders out
of the path that leads to new electronics applications.”
One of the first boulders they encountered was the manufacture of ferroelectrics. The materials usually contain several metals, often including
titanium, but also bismuth or lead,
and oxygen, and have cumbersome
names like bismuth titanate, lead zirconate titanate (PZT) and strontium
bismuth tantalate (SBT). For these substances to adopt ferroelectrical properties, they not only have to have their
ingredients combined in precisely
measured ratios, but the atoms must
also be arranged in a precise pattern.
This is precision chemistry work,
which is often too great a challenge for
chemistry. The scientists therefore
turn to a physics method in such cases
– pulsed laser deposition. Ionela Vrejoiu
is an expert in this field at the Hallebased Max Planck Institute. In the laboratory where she works, pumps hiss
and hum, a cabinet of electronic control systems takes center stage, several
drum shaped stainless steel chambers
are supported on chest-high platforms.
The apparatus to which the various in-

struments are attached opens on one
side like a washing machine. A red plastic tube as thick as a man’s arm connects a chamber diagonally above to an
ultraviolet laser.

NANOSTRUCTURES FOR
COMPUTER MEMORIES
In the vacuum chamber, the laser
strikes a coin-sized plate holding a metal oxide. The components of the ferroelectric material have already been
mixed on this in the correct ratio, but
fairly randomly. Bursts of energy from
the laser vaporize the material into
well-dosed plasma clouds. The ionized
metal oxide gas then strikes a substrate
surface attached upside down to the lid
of the chamber. As the oxygen from the
compounds readily vanishes on the
way to the substrate, a little additional
oxygen flows into the chamber. However, most of the gas particles still whizzing through the chamber are relentlessly evacuated by the pumps.
“To obtain usable samples, we have
to adjust many things,” explains Ionela Vrejoiu. She can blow more or less oxygen into the chamber, cool or heat the
substrate material, regulate the intensi-

ty of the laser and control the distance
between the substrate and the plate
holding the raw material. The physicist
makes many samples until she achieves
the desired result. Experience is helpful,
but is not sufficient on its own. Even a
slightly different composition can completely alter the behavior of a material
when it comes to the muster of the atoms. “Cleaning the surface of the substrate material is also very important,”
says Vrejoiu. And yet there are materials that tenaciously resist the order in
accurate layers Vrejoiu and her own
small research team are thus systematically investigating how difficult cases
can be brought under control.
But producing perfect layers of ferroelectric materials is not enough. The
scientists have to form tiny dots of uniform shape and size from them and
place them regularly on a surface. “It
was clear to us from the beginning that,
in computers, we needed nanostructures of memory materials,” says Dietrich Hesse. Once again, he and Marin
Alexe have a stroke of good fortune to
thank for the breakthrough.
In 1997, James Scott arrived in Halle with a Humboldt grant. Marin Alexe
speaks of him as one of the world’s
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STORAGE DENSITY OF
UP TO ONE TERABIT
Accordingly, Marin Alexe and his colleagues shrank PZT and SBT data
points to nano size. First they used
electron beam lithography. A fine electron beam engraves intricate patterns,
but only in metalo-organic layers.
However, the scientists can oxidize the
metalo-organic compounds, which
also contain carbon in addition to
metals, and transform them into crystalline ferroelectric materials using
heat treatments.
Using this method, Alexe cut and
burned ferroelectric nano-tiles stacked
in neat rows with 100 nanometer intervals on a strontium titanate surface.
The scientist then switched each tile
with an electrically conductive tip of
an atomic force microscope (AFM).
These would be no competition for to-
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day’s conventional hard disks, but it
was a start. Since then, the physicists
have further shrunk their ferroelectric
dots by using a mask. The pattern of
the mask resembles a honeycomb, but
with pores having a pitch of just 100
nanometers and separated by 60-nanometer-thick walls (see box on page 39).
The scientists used laser pulses to deposit lead zirconate titanate through
the mask onto a platinum substrate. A
platinum top lid completed the nanocapacitors, which operate as data storage points. This helped them increase
the storage density to 176 gigabits per
square inch. “By using this method in
the laboratory, we can probably
achieve one terabit per square inch,”
says Dietrich Hesse.
The chip industry should certainly
respond and transform this into a production process for high-density ferroelectric memories. After all, pulsed laser deposition has become the method
of choice for growing oxide layers flexibly in the laboratory. However, the
quantities of material that can be processed in a reasonable time are too
small for production on a large scale.
Dietrich Hesse therefore predicts that
chemical vapor deposition will be used
to produce ferroelectric nanoscale

memories on an industrial scale. This
problem is no longer one of the big
boulders that the scientists have to remove, but the physics of the ferroelectric switching process is.

A PLAYGROUND FULL OF
MEASURING EQUIPMENT
Marin Alexe is investigating this problem in his laboratory one floor above
his office. “This is my playground,” he
says as he enters the room, roughly the
size of a classroom and stuffed with
mysterious equipment. There is a black
box as big as a washing machine next
to the door, a container with liquid nitrogen stands in the room, an apparatus with a thin tube and funnel attached through which the cooling
nitrogen is filtered. And of course there
are lots of boxes containing control and
measuring equipment.
Alexe makes his way purposefully
through this high-tech inventory to the
furthest corner of the laboratory and
takes the most nondescript object in
the room down from a shelf: a cookie
box with a yellowish, badly tarnished
sheen. “This is my first measuring instrument, which I built in one afternoon,” explains the physicist. While

Photos: Sven Döring (2)

leading experts in ferroelectrics. Along
with the American scientist, who is
now working in Cambridge, England,
they introduced the nanoworld to ferroelectric materials. “We were the ones
who initiated research on nano effects
in ferroelectric materials,” says Dietrich Hesse.

FOCUS_Electronics of the Future

left

In his early days at Halle, Marin Alexe converted a cookie box into a measuring instrument and used it
to investigate how the polarization of ferroelectric materials switches under the influence of an
external electrical field. The metal of the box repels external fields.

right

Marin Alexe is also studying ferroelectrics in a piece of apparatus into which he lowers specimens from
above using a rod. He exposes these materials to a controlled magnetic field, which is created by a
superconductive magnet cooled by liquid nitrogen.

most scientists call on the expertise and
skill of colleagues in special workshops
for drilling, screwing and turning operations, Alexe always worked on new instruments with his own hands. “In Romania, we built nearly everything
ourselves, and there was a lot of improvisation going on.”
In the modified cookie box, with cable connections inserted into its side,
Alexe measured how sharply polarization increases when voltage is applied,
and how long it remains stable when
the voltage drops. Polarization reflects
the extent to which negative and positive ions are separated in the crystal
pattern, and thus provides a measure of
the magnitude of the dipoles.
Most of the other equipment in
Alexe’s laboratory is used for similar
purposes, but provides more precise
measurements and gives the scientist
insight into how ferroelectric materials
behave at temperatures well below
freezing point or in a magnetic field.
Alexe still incorporates cookie boxes
into some of his special high-tech
apparatuses. They are made from
non-magnetic metals and, unlike the

stainless steel favored by equipment developers, they provide ideal protection
against undesired magnetic fields.

CAN THE SWITCHING PROCESS
BE SPEEDED UP?
However, the mass of equipment in
Alexe’s laboratory can’t provide any
more help with many of the problems
he and Dietrich Hesse are investigating. One such problem concerns how,
exactly, a ferroelectric dot switches
from zero to one and vice versa. Writing information into ferroelectric
memories still takes too long, because
their tiny dipoles don’t flip over fast
enough when an external voltage is
applied on them. Before they can do
anything to change this, the scientists
in Halle need to understand the switching process in detail.
Working with colleagues from the
Oak Ridge National Laboratory in Tennessee, they discovered that the polarization reversal process always starts at
one point, or more precisely at a defect,
and spreads from there. The defects are
small flaws in the crystal pattern, a

MASK-MAKERS IN THE NANOWORLD
In order to process ferroelectric materials into densely packed dots, the
scientists in Halle use an aluminum
oxide mask perforated with nanoholes. These holes can’t be drilled
with a tool – an electrochemical process is used instead, aluminum electrolytic oxidation.
This is also known as the eloxal
process, which gives aluminum products a protective layer and their
matt sheen. The Max Planck research

team’s expertise with this method is
such that the oxidation etches fine
pores into the aluminum, each with
six adjacent pores. The correct combination of temperature, acidity
(pH value) and chemical composition of the electrolytes is the key. By
pre-stamping the aluminum layer
with a suitably studded stamp, the
scientists can force the holes to arrange into a completely regular honeycomb pattern.

notch on the surface of the material or
a boundary where domains with differently oriented dipoles meet. In fact,
these domain boundaries do not exist
in a uniformly poled dot, but are an unavoidable consequence of the polarization reversal process, as the area with
the new dipolar orientation expands at
the expense of the other.
“We are interested in how domains
grow in the nanocapacitors, and what
role the boundary between two domains plays,” explains Marin Alexe.
The scientists have already made some
progress on this, as well. As a model,
they looked at a rectangle in which all
dipoles extend their negative end to the
top edge.
Between the top and bottom edge,
the scientists apply a voltage that tries
to change the orientation of the dipoles. First, the dipoles near a defect on
the surface switch. The negatively
charged end of the rotated dipoles then
hits the positive pole of the next lower
dipoles. This is energetically unfavorable. As a result, a transition zone is created in which the polarization decreases and then increases again in the
reverse direction. This domain wall is
relatively thick parallel to the applied
voltage, because it is shielding opposite
charges. It also likes to move through
the material fairly rapidly in this forward direction, as this is the best way
to get rid of this charge conflict.
Perpendicular to the applied voltage, the differently charged domains
meet along a much narrower boundary,
and it thus takes much longer for the
new polarization direction to establish
itself in this direction. “This observation showed us that ferroelectric nanocapacitors switch quite differently from
macroscopic layers or microstructures,”
says Dietrich Hesse. In larger structures,
a new polarization develops almost
from the start over the entire width. >
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After figuring out this time-dependent
mechanism of how polarization switches in a nanostructure, the scientists described it mathematically and later
tried to track it down live. The studio
where Marin Alexe and his colleagues
film the polarization reversal process is
in the basement. Three piezoelectric
force microscopes are lined up in the
laboratory. The scientists have packed
one of them in a shoulder-high, cuboid
metal crate to soundproof it. The equipment produces plenty of heat, but air
conditioning is banned, as the airflow
would disturb the measurements.

A GLANCE AT EACH DIPOLE
PROVIDES AN ACCURATE PICTURE
Marin Alexe uses a setup that vaguely
resembles an optical microscope without an eyepiece. He tweaks a few
switches and knobs and, with a grating noise, the tip of the microscope
moves close to the sample. On command, it scans the surface, which is
then displayed on a screen. “A piezoelectric force microscope can determine the polarization of a sample on
the nanometer scale, as well as how it
changes over time,” explains the scientist. The microscopes operate in the
same way as scanning force microscopes: the tip of a flexible cantilever
moves over the surface of the speci-

men. Every bump moves the lever.
How far it moves is measured by a reflection of a laser beam.
But how can the orientation of
electric dipoles be established by such
a sensitive finger for humps and bumps
on the surface? In fact, the surface of
the sample also rises or sinks when dipoles form, when they flip over or
when they become distorted. Ultimately, the polarization distorts the
crystal pattern. However, even a scanning force microscope does not register such height differences reliably –
they get lost in the noise.
The scientists therefore apply an
AC voltage to the lever and feel what
pulse makes the crystal react to the
voltage. Piezoelectric force microscopy is the name of the method that
shows them the dipole orientation
(see box below). The scientists modified the first atomic force microscope
for these measurements themselves.
“Getting the correct cable out of the
system was difficult,” Alexe says of the
modifications.
Looking through one of the three
piezoelectric force microscopes is now
standard procedure when Marin Alexe
and his colleagues are investigating
ferroelectrics. However, the scientists
have not yet managed to identify everything they are interested in. More
details are still needed in order to un-

derstand the switching process, the domain movement and processes at the
domain walls. They have to map the
polarization, plotting the direction
and magnitude of the dipole in each
individual simple cell, the smallest
component of a crystal. For this, the
scientists have to determine the position of each individual atom.
Such a detailed view can be provided only by a transmission electron microscope, and in only one version of
it. This has just recently been devel-

A scanning force microscope can be converted into a
piezoelectric force microscope by applying an AC voltage
to the lever used to record height differences on a surface.
The voltage makes the dipoles in the ferroelectric material vibrate periodically, which rhythmically distorts the
crystal. As the magnitude of the dipole changes, the crystal expands and compresses, because ions are constantly
shifting around.
The key factor now is whether, when the voltage is applied, its negative pole touches the negative or the positive
end of the dipolar field – in other words, how the dipoles
are oriented when the measurement starts. This dictates
whether the dipolar field vibrates in precise harmony with
the voltage or out of phase with it. Or in terms of crystal
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distortion, at which time point of the AC field the crystal
stretches the most and at which it contracts the most.
The scientists can now observe this, because they
know the frequency of the AC voltage and thus also the
rhythm of the pulsing crystal. They use a laser to observe
this frequency. Since they know precisely where to look,
they can recover the signal from the noise. The rise and
fall of the crystal shows the changes in the dipolar field.
Whether this field is vibrating in harmony or out of
phase, almost syncopated, with the voltage, reveals the
original orientation of the ferroelectric dipoles. This
method can be used to map areas with the same polarization, so-called ferroelectric domains, in the piezoelectric force microscope.

Graphic: SCIENCE, Vol. 331, March 18, 2011

A DELICATE TOUCH FOR ELECTRIC POLES

left page: A map of the dipole configuration:
Together with scientists from the Jülich
Research Center, the physicists in Halle
have determined, from the positions of the
individual ions, the orientation of all the
dipoles in three ferroelectric domains.
In the small domain in the lower half of
the picture, the dipoles form a semicircle.
this page: Dietrich Hesse wants to find
out precisely how the switching process in
ferroelectric materials works, so that he
can speed it up if possible. A key tool in this
process is the piezoelectric force micro scope, which is kept in a protective box for
soundproofing purposes.

oped and is used by Knut Urban and
Chun-Lin Jia at the Jülich Research
Center in a highly sophisticated way.
The mapping method they developed
provides extremely high resolution
and high-contrast images, and also
displays oxygen ions, which are responsible for the negative part of the
ferroelectric dipoles. Using this method, the Jülich-based scientists examined a sample of lead zirconate titanate from the Max Planck Institute in
Halle, inspecting exactly a domain
boundary between two opposite polarization directions.

Photo: Sven Döring

FIRST APPLICATIONS IN
ELECTRONIC RAIL TICKETS
Their eye for detail confirmed what
Marin Alexe and Dietrich Hesse already suspected: dipoles don’t just orient themselves up and down; in a section of the boundary where the two
areas with opposite dipole orientation
meet, the scientists discovered another domain. It contained only a few
unit cells and their dipoles rotated minutely cell by cell, forming a semicircle with the dipoles in the two large
adjacent areas. “For a long time, we
didn’t believe that a continuous polarization rotation was possible, because
the crystal lattice will keep changing
shape,” says Marin Alexe. These grad-

ual distortions were thought to be energetically unfavorable compared with
the normal domain walls.
“We were also surprised, however,
that, in very small domains, there was
any polarization left at all,” continues
Dietrich Hesse. The dipoles mutually
stabilize each other in their strict arrangement – if there are enough of
them. In an area of just a few nanometers, there should not be enough, or so
it was assumed. The fact that such
small domains are also polarized is
good news for memory technology.
“Perhaps we’ll be able to shrink ferroelectric dots to 20 or maybe even 10
nanometers,” says Dietrich Hesse. Inside, the dipoles will probably orient
themselves in a vortex, but this would
not be a problem for the data storage.
The zero and one of a bit would then
be encoded by polarization in a clockwise or counter-clockwise direction.
One major computer manufacturer
may have felt a tinge of regret on hearing of the extent to which ferroelectric
dots can be shrunk. Its research scientists had calculated, back in the early
1970s, that a ferroelectric layer must be
at least 300 nanometers thick in order
to maintain the polarization. The company suspended research on these materials. Others were not so easily discouraged. “It may be a few more years
yet before ferroelectric materials are

used as memories in PCs, but of all the
alternative storage materials, they have
made the most progress so far,” says
Dietrich Hesse. Ferroelectric memories
are, in the meantime, being manufactured industrially and are used in Japan
in electronic rail tickets, for example.

GLOSSARY
Ferroelectric material
A material in which positive and negative ions form permanent electric dipoles. The orientation of the dipoles is
changed using an external voltage. The
prefix “ferro” references the analogy with
ferromagnets, whose polarity is reversed
using an external magnetic field.
Polarization
The orientation of the electric dipoles
in a material and the strength of the
electrical field that produces the dipoles.
It represents a measure of the distance
between the positive and negative
charges of the dipoles.
Transmission electron microscope
(TEM)
An electron beam is directed through a
thin sample layer. The higher the atomic
number of an atom, the stronger the
beam’s dispersion on the atoms of the
material. The crystal structure is determined from the resulting diffraction
pattern. However, light atoms such as
oxygen produce only very weak contrasts
or none at all in a conventional TEM.
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Culture Guides Language Development
Ancestry determines the evolution of languages

We humans not only like to talk – and
talk a lot – but we also do so in very
different ways. It would appear that
the structure of a language is defined
by its cultural ancestry and not by the
way the brain processes language. A
group of researchers at the Max Planck
Institute for Psycholinguistics in Nijmegen in the Netherlands has analyzed the order of sentence parts in
more than 300 languages from four
major language families. The researchers never found the same patterns consistently in all the families. Their new
results contradict Noam Chomsky’s
idea of a universal grammar, and the
theory of universal word order put forward by language researcher Joseph
Greenberg.
(Nature, published online,
April 13, 2011)

Culture and language go together: Cultural
development has a much stronger influence on
how languages develop than do universal rules
of language processing in the brain.

Wandering Women
Approximately three million years ago, females left the
groups they were born into more often than the males of
their species. Scientists at the Max Planck Institute for Evolutionary Anthropology in Jena discovered this by using a
new method to analyze strontium isotopes in tooth enamel. The isotope pattern characteristic for a region is absorbed
with food and water and stored permanently in an animal’s
tooth enamel before it enters adulthood. The researchers
examined 2.8- to 2-million-year-old teeth of Australopithecus africanus and 1.9- to 1.4-million-year-old Paranthropus
robustus remains from caves in South Africa. In both prehistoric species, the isotope pattern in the teeth of the females was different from that of the region in which the
skeletons were found; that of the men, in contrast, was the
same. This indicates that, over the course of their lives,
women left the group in which they were born and joined
a new clan. The distribution pattern of the females in both
species is thus similar to that of chimpanzees, bonobos and
many human groups.
(Nature, June 2, 2011)
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P. robustus skull from the Swartkrans Cave in South Africa.

Photos: Daniel Etter (top), Darryl de Ruiter (bottom)

Teeth reveal the home ranges of early hominids

SPECTRUM

Hungry for Rewards
Insulin in the mid-brain and in the hypothalamus regulates eating behavior

Visualisation of how insulin affects the SF-1 neurons of the hypothalamus. After
stimulation with insulin, the SF-1 cells (red) form the signalling molecule PiP3 (green).
The cell nucleus is pictured in blue.

The brain controls the way we eat and suppresses hunger when the body has consumed
enough energy. Various messenger substances inform the brain about our level of satiety;
one of these is insulin, which is produced in
the pancreas. Scientists at the Max Planck Institute for Neurological Research in Cologne
have discovered that, in mice, insulin influences the appetite through nerve cells in the
hypothalamus and in the mid-brain. According to the researchers, insulin in the hypothalamus suppresses the feeling of satiety
when a high-fat diet is consumed. Insulin in
the mid-brain, in contrast, signals satiety. Insulin-sensitive cells in the mid-brain are part
of the brain’s dopamine reward system. Their
signals can override the network in the hypothalamus. This might explain why we continue to eat when an appropriate reward is
offered, even though our energy requirement
has been met – like when we eat chocolate
despite being full. (Cell Metabolism, June 7, 2011;
Nature Neuroscience, June 5, 2011)

Finger on the Pulse of Pulsars

Photo: MPI for Neurological Research; graphic: Tom Hassall/U.Man./ASTRON

European Lofar telescope provides the most sensitive observation to date at low frequency
An international team of astronomers including German scientists succeeded in recording the most sensitive observations to date of pulsars at low frequency. The measurement
was undertaken with the European Lofar radio telescope network. Pulsars are fast-rotating neutron stars formed in the
explosion of very massive stars (supernovae). Lofar is the first
of a whole series of new types of radio telescopes used to investigate the universe at the lowest frequencies that are accessible from the ground. Finding and researching new pulsars in this “radio window” is considered a key project. The
astronomers using Lofar have now returned to the frequency range of the first pulsar measurements taken in the 1960s.
However, the power of the telescopes is increased many times
over with modern computer technology and by connecting
individual telescopes with high-speed fiber optic cables. Lofar will make it possible to investigate the radio pulses in
detail, and also to study effects of gravitational physics and
the properties of the interstellar medium in our Milky Way.
(Astronomy & Astrophysics, DOI: 10.1051/0004-6361/201116681 astro-ph)

Thanks to its unique design, Lofar can record radiation from different parts
of the sky. For this image, Lofar was used to observe five pulsars distributed throughout the sky.
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Trust No One Over 50
Max Planck researchers investigate criminal behavior in older people

A study of women and men between
49 and 81 carried out by scientists at
the Max Planck Institute for Foreign
and International Criminal Law in
Freiburg has indicated that criminal
behavior is not a rarity among older
people. The study reveals that they
mainly commit fraud and offenses
against property; examples include
dishonesty in their tax declarations,
making false insurance claims, driving
while intoxicated, fare dodging and
stealing. The delinquents are frequently financially secure and socially well

integrated. The most frequent crime is
drunk driving: almost all of those surveyed admitted to having sat behind
the wheel of a car while under the influence of alcohol. However, in contrast to the commonly held view of
crimes committed by older people,
shoplifting did not feature significantly. Men offend more frequently than
women, but with a ratio of 60-40, the
male-female distribution is much more
evenly balanced than with younger
people. (Zeitschrift für Gerontologie und
Geriatrie, February 2011)

There’s no fool like an old fool: As a result of demographic changes,
criminal behavior is increasingly exhibited by older people in Germany.

Strong Protection for Weak Passwords

In the future, passwords might be
more secure and yet easier to remember. Researchers working with Sergej
Flach at the Max Planck Institute for
the Physics of Complex Systems use a
two-part password and the physics of
chaotic systems to provide innovative
protection from computers that try
out every possible combination of
characters. They generate a CAPTCHA
in a simulated physical system – this is
the actual password that protects access to a file, for example. A CAPTCHA
is a combination of characters with an
indistinct outline that cannot be read
by a computer. Currently, CAPTCHAs
are used to test on a case by case basis

Not machine-readable: The CAPTCHA, shown
here with a simple password, is very grainy
because it is generated in a physical system close
to a critical phase transition (left). A reversible
chaotic process makes it completely illegible.
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whether a human or a computer program is retrieving data. The CAPTCHAs generated by the physicists in
Dresden are too long and complicated
for random attacks. As long as it is not
necessary to read the CAPTCHA, it is
rendered unrecognizable by a reversible chaotic system development and
encrypted with a second password that
is easy to remember and therefore
weak. If this password is not entered

correctly, a meaningless image results.
There is no advantage in trying to
crack the password with a computer
program, as the distinction between a
meaningful and meaningless image
can be made only by a human. Using
software would take an impractical
amount of time. Online forums concerned with such matters deem the
password-protected CAPTCHAs to be
very secure.
(arXiv, March 31, 2011)

Photo: iStockphoto (top); graphic: MPI for the Physics of Complex Systems – Sergej Flach

The combination of simple codes and CAPTCHAs, which are encrypted even further
in a chaotic process, yields effective password protection

SPECTRUM

Negative Image of People
Produces Selfish Actions
People's opinions of others determine how cooperative they are

A Sweet Defense
against Lethal
Bacteria
A potential vaccine against an
antibiotic-resistant pathogen
that causes infection in
hospitals can be manufactured
synthetically
There is now a promising candidate
for a vaccine against the Clostridium
difficile pathogen that causes one of
the infections most frequently found
in hospitals. An international team
working with Peter Seeberger at the
Max Planck Institute of Colloids and
Interfaces in Potsdam has manufactured a vaccine in which the key ingredient is a hexasaccharide from
the bacterium’s cell wall. To begin
with, the team’s chemists developed
an efficient method to manufacture
the complex sugar. The sugar-based
vaccine elicited a specific and effective immune response in mice. The
researchers also found antibodies in
the stools of patients infected with
C. difficile. As the antibodies help the
natural immune response of humans to the infection, the researchers anticipate a powerful reaction to
the synthetic vaccine.

Photo: istockphoto (top); graphic: MPI for Colloids and Interfaces

(Chemistry & Biology, May 26, 2011)
The “broken windows” theory: Broken windows in deserted buildings or garbage in the streets can
lead to a neighborhood becoming completely run down. This is because these signs of decay give
people the impression that social norms no longer hold sway. Funding for maintaining residential
areas is also a good investment against crime.

The expectations people have about
how others will behave play a large role
in determining whether people cooperate with each other or not. This means
that expectations become a self-fulfilling prophecy: someone who assumes
that other people are egoistic will indeed encounter uncooperative behavior
more frequently. Researchers at the Max
Planck Institute for Research on Collective Goods in Bonn illustrated this with
games for the common good played by
people from Bonn and London. Players
must decide between self-interest and

socially minded behavior. It is best for
society when everyone invests in the
community; individually, however,
freeloaders profit most. In the study,
players from London behaved more
egoistically than their counterparts
from Bonn. This is presumably due to
the Londoners’ more pessimistic view
of other people. When the players from
Bonn found out about the more egoistic behavior exhibited by the Londoners, they were similarly less prepared
to cooperate.
(Max Planck Institute

Stimulating the immune system:
The chemists in Potsdam have
developed a hexasaccharide-based
vaccine against the Clostridium
difficile bacterium – a pathogen
that causes serious gastrointestinal disease in hospitals.

for Research on Collective Goods, 2011/05)
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An Anabolic Steroid for Diatoms
Nitrogen from the urea cycle makes diatoms superior to other single-celled organisms

Smelling the Genetic Code

The Amygdala
Detects Spontaneity

It may soon be possible to identify very
different substances, such as antibiotics,
sedatives and explosives, with a type of
multipurpose detector. To do this, re-

Jazz musicians demonstrate
how the brain processes
improvisations

searchers from the Max Planck Institute
for Polymer Research use aptamers,
which, generally speaking, are made
from components of the genetic substances DNA or RNA. There are many
different kinds of aptamers. Depending
on the aptamers’ chemical composition,
molecules of the type to be detected attach themselves to them. The researchers place one end of the aptamer on a
substrate and fix the other to the tip of
a scanning force microscope. The tip is
situated on the end of a very sensitive
lever that the scientists raise in order to
measure the force required to pull the
aptamer apart. This changes when molecules of the substance being looked for
are attached to the aptamer. (J. Am. Chem.
Soc., February 2, 2011)
Versatile yet selective: The appropriate detectors
for numerous substances can be found among
the many different kinds of aptamers.
The molecule being analyzed, here AMP, binds
to the matching location. This changes the force
required to break the bond between the two
halves of the aptamer.
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It is known that the amygdala and other parts of the brain simulate internally
the perceived behavior of others. Scientists at the Max Planck Institute for Human Cognitive and Brain Sciences have
now discovered that this network of areas responds extremely sensitively to
improvisation. Researchers examined
brain activity in jazz pianists who were
asked to judge whether a melody was
improvised or memorized. If it was
thought to be improvised, the amygdala and several other areas of the brain
were particularly active. The amygdala
is very sensitive to stimuli that are difficult to predict or that are new. It can
respond to the almost imperceptible
fluctuations in volume and rhythm that
occur in improvisations.
(Frontiers in Auditory Cognitive Neuroscience, published online, May 3, 2011)
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An efficient processor of nitrogen:
The marine pennate diatom Phaeodactylum tricornutum.

In mammals, the urea cycle is a metabolic pathway that incorporates excess nitrogen in urea and eliminates it from
the body. However, scientists from the Max Planck Institute
of Molecular Plant Physiology have found that, in diatoms,
it plays a key role in building compounds containing carbon and nitrogen. In the laboratory, they compared the reaction of algae cells with a functioning urea cycle and of
those without to an excess of nutrients following a starvation period. They found that cell lines without a functioning urea cycle grew more slowly by 15 to 30 percent. The
scientists therefore conclude that the urea cycle makes a significant contribution to the diatom’s ability to respond to
an increased supply of nutrients with a higher metabolic
rate and growth. It would appear that the urea cycle in animals developed from a metabolic path that evolved earlier. Diatoms could thus be more closely related to animals
than was previously suspected.
(Nature, May 12, 2011)

SPECTRUM

Single Atom Stores Quantum Information
It might be possible to construct a powerful quantum computer with a tiny memory

Photo and graphic: MPI for Quantum Optics (top), ESA/AOES Medialab (bottom)
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mained in storage for a while,
they read it out again. It was
previously not possible to exchange quantum information between single photons
– light particles – and single
atoms, as they interact very
weakly. The researchers thus
placed a rubidium atom between the mirrors of an opti45˚
cal resonator. Using very
p
tra
weak laser pulses, they introe
l
Re
so
nator
o
Dip
duced photons singly into
the resonator. These were reThe information is held in the direction of polarization (left: diagram, right: original apparatus with laser beams
flected to and fro several
drawn in): Vaporized rubidium atoms are caught with laser pulses in a magneto-optical trap (1) and cooled. In
times, making the interacanother laser beam, a dipole trap (2), single atoms are transported into the optical resonator (3) from two tapered
tion between the photons
mirrors. Weak light impulses from single photos (5) are stored with the aid of a control laser and read out again
and the atom much stronger.
after a time in storage.
This process can be used to
Data storage could hardly be smaller: Researchers working construct powerful quantum computers and to network
with Gerhard Tempe and Stephan Ritter at the Max Planck them over large distances. Photons are particularly suitable
Institute for Quantum Optics in Garching have written the for exchanging information between individual compopolarization – that is, the direction of spin orientation – of a nents. The spin of individual atoms, in contrast, can be used
single photon to a single rubidium atom. After it had re- to store and process the information.
(Nature, May 1, 2011)

Huge Storms Empty Galaxies
The Herschel Infrared Observatory discovers how Milky Way systems lose their substance

Huge clouds of molecular gas whirl
around the centers of many galaxies,
generating wind speeds of up to 1,000
kilometers per second – many thousands of times faster than storms on
Earth. This discovery was made by astronomers from the Max Planck Institute for Extraterrestrial Physics in
Garching using the Herschel Space Observatory, and it brought them considerably closer to solving a cosmic puzzle: When the universe was young,
gas-rich galaxies merged, which not
only created more stars, but also
Space winds: The illustration shows a very
bright infrared galaxy with massive outflows
of molecular gas.

caused the black hole at their center to
expand. However, this fertile phase
came to an abrupt end when, within
just a few million years, the number of
star births fell rapidly and the black
hole ceased to grow. During this period, which was short in cosmological
terms, it is possible that extremely
strong winds catapulted huge quantities of raw material (around a billion
solar masses) out of the galaxy. They
thus halted precisely those activities
that had given rise to them in the first
place, as they are driven by newly
formed stars and by the shock waves
from stellar explosions and the central
black hole. (Astrophysical Journal Letters,
Vol. 733, page L16)
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The Ripples in
Space-Time
Albert Einstein postulated the existence of gravitational waves a century ago in his theory of general
relativity, but these distortions in space-time have so far stubbornly resisted direct observation.
At the Max Planck Institute for Gravitational Physics in Hannover, Karsten Danzmann is tracking
down this phenomenon with the GEO600 detector.

Puzzling ripples: The cosmos
is full of gravitational waves –
we need only detect them.

PHYSICS & ASTRONOMY_Gravitational Physics

TEXT FELICITAS MOKLER

Photo: Collage based on original material from Sven Döring and NASA, ESA/Hubble Heritage (STScI/AURA) – ESA/Hubble Collaboration
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n the way to the research
campus in Ruthe, some
20 kilometers south of
Hannover, the bus carrying the group of visitors
squeezes past the hedges lining the narrow farm roads. One last careful manouver and we’ve managed the left
turn onto an even narrower path that
brings us to the gravitational wave detector GEO600. On the right, let into
the ground, sits a container from which
a wide steel pipe extends along the edge
of the driveway.
To the left is an apple orchard. Very
fitting – wasn’t it also an apple that led
to Sir Isaac Newton’s realization? According to the legend, an apple is supposed to have fallen onto the head of
the scientist one day while he dozed under the tree. This inspired a flash of insight – and Newton’s Law of Gravity has
since governed the motion of the planets and kept the world on its hinges.

GRAVITATIONAL WAVES STRETCH
AND COMPRESS SPACE
Until Albert Einstein introduced his
general relativity theory. This states that
gravitation is no longer a simple force
that acts between two masses – such as
the Earth and moon – moving through
rigid Euclidean space. Rather, space itself is malleable and dynamic. A mass
such as the Sun, for example, curves the
space around it. The motion of a second
(smaller) mass such as a planet then follows this curvature of space.
If the local curvature of space
changes due to a mass crossing it – at
an accelerated speed – then this change
propagates as a wave at the speed of
light in the structure of space-time. On
their journey through the universe,
these gravitational waves stretch and

compress space perpendicular to their
propagation direction. There is extremely little interaction between gravitational waves and matter. Furthermore, their intensity decreases in
inverse proportion to the distance from
the source. That is why even Einstein
himself didn’t believe that it would
ever be possible to measure the phenomenon that his theory predicts.

HEAVY STAR EXPLOSIONS ARE
EXTREMELY RARE
Not so Karsten Danzmann, Director at
the Max Planck Institute for Gravitational Physics (Albert Einstein Institute)
and head of the Institute for Gravitational Physics at Leibniz University in
Hannover: “Our technologies are now
so sophisticated that we can use
GEO600 to measure length differences
corresponding to one thousandth the
diameter of a proton. Or a similarly
small change in the structure of space
caused by a passing gravitational wave.”
A supernova explosion at a distance of
less than 28,000 light-years would, according to the theory, distort space by
precisely this distance.
So why haven’t the physicists managed to capture any gravitational waves
yet? “This is because such events as star
explosions are extremely rare,” explains
Danzmann. “We expect such an event
to occur, on average, once every 30
years. The last supernova that occurred
in our general vicinity was in the Magellanic Cloud in 1987.” The researchers
might perhaps be able to observe such
an event with the detectors available
today, but back then, GEO600 and the
other detectors didn’t exist yet.
The other gravitational wave observatories are the two interferometers of
the LIGO experiment, located in Liv-
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Crossed paths: In the gravitational wave detector, a laser beam is split at the
beam splitter. From there, the two partial beams run perpendicular to one
another along the arms of the interferometer. At the ends of the arms, the
partial beams are reflected, sent back to the beam splitter and superimposed
there to form the signal beam. This then strikes the photodiode. The change in
brightness measured by the photodiode is a measure of the relative change in
length of the light paths. GEO600 is the first gravitational wave detector in
which a squeezed-light laser was recently installed. Fed into the signal beam,
this specially prepared light helps dampen the disturbing shot noise.

ingston and Hanford in the US, and
Virgo, the French-Italian detector in
Cascina, near Pisa. Scientists around
the world are collaborating in the field
of gravitational wave research. After
all, there are major similarities between gravitational waves from space
and acoustic signals: although sound
can also be perceived with one ear, the
direction from which a noise comes
can be determined only with two ears.
In fact, it takes at least three “ears” to
correctly locate gravitational waves.

But there are also other reasons why the
researchers have multiple detectors
tuned into space: only if all measuring
instruments independently record the
same signal can the scientists be certain
that they have measured a gravitational wave. Furthermore, certain properties
of a gravitational wave, such as the spatial orientation of its vibration – the polarization – can be determined only
when at least three detectors, spread
across different positions around the
globe, have captured the signal. That is

why GEO600, which is operated by the
institutes in Hannover in collaboration
with British universities such as the University of Glasgow, joined forces with
the two American and the Southern European gravitational wave detectors in
the LIGO-Virgo Science Collaboration
(LVC). Like the other detectors, also
GEO600 works on the principle of a Michelson interferometer (see illustration
above). It is designed to measure gravitational waves in the frequency range of
around 100 hertz up to a few kilohertz.

SOURCES OF WAVES
The first proof – however indirect – of
gravitational waves was the achievement of astrophysicists Russell A.
Hulse and Joseph H. Taylor, who received the Nobel Prize for their work
in 1993. They observed a change in the
orbit data of the double-pulsar system PSR B1913+16 over the course of
several years. The energy loss in the
system as calculated from this data
corresponded exactly to the theoretical value of the emission of gravitational waves. This effect has since
been confirmed for a number of such
binary systems.
Ground-based gravitational wave
detectors such as those operated
within the LIGO-Virgo Science Collaboration (LVC) are suitable for measur-
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ing gravitational waves in the range
between a few tens of hertz and a few
kilohertz. Among the astrophysical
objects that emit gravitational waves
at these frequencies are supernova
explosions, close binary systems with
two neutron stars, and black holes
(simulation right) shortly before the
two objects merge; but also single
neutron stars that rotate somewhat
unevenly due to bumps on their surfaces emit gravitational waves.
As paradoxical as it sounds, it is
possible to draw conclusions about
certain properties of some objects
from gravitational waves even when
they aren’t detected. For a number of
pulsars, for instance, the scientists
calculated that their shape deviates

from a perfect sphere by less than one
millionth. Otherwise, with the current measuring sensitivity of the detectors in the LVC collaboration, gravitational waves would have long since
had to have been measured directly.
FM

Graphic: MPI for Gravitational Physics (top), MPI for Gravitational Physics/ZIB/M. Koppitz/C. Reisswig/L. Rezzolla
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Field research: The GEO600 site in Ruthe, near Hannover. In the container-based offices and measuring stations (top) researchers analyze the
data they obtain in the 600-meter-long interferometer arms (bottom). Under a protective cover hangs the vacuum tube in which the laser
travels between the beam splitter and the end mirror (right).

A laser beam hits a semitransparent
mirror, the beam splitter. From there,
two coherent light beams run perpendicular to one another along the
600-meter-long interferometer arms in
vacuum tubes made of corrugated
stainless steel – one at the side of the
road, the other located between two
fields, in ditches specially dug for this
purpose. At the end of the measurement paths, one mirror reflects the
light and sends it back to the beam
splitter. There, the split beams meet
again and are superimposed. The signal beam then strikes a photodiode,
which measures the beam intensity.
The brightness of the signal beam
depends on the wave character of the
light. If two wave peaks from the two
laser beams coincide, their interference is positive and the signal is par-

ticularly bright. If, in contrast, a peak
and a valley coincide, the beams cancel each other out. Between peak and
valley – the phases of the laser light –
are all of the gradients whose coincidence depends on the relative distance
the light travels.

DETECTORS ARE CONTINUALLY
UPGRADED IN TURNS
The physicists use this principle of interference to measure very small
changes in length. When a gravitational wave passes through the detector,
space is stretched and compressed with
differing intensities along the two detector arms. This causes the light path
of the two laser beams to change relative to one another, and they interfere
in a different phase than when at rest.

As a result, the photodiode registers a
change in brightness.
In principle, the sensitivity of the
detectors within the LVC is sufficient
to measure gravitational waves of supernovae that explode in our vicinity,
within the galaxy. Merging neutron
stars or black holes should be visible
even in other galaxies of the local
group, as these events generate a
much stronger signal than a star explosion. They are, however, much
more rare. In order to increase the
chances of observing a star explosion
or a merger of two neutron stars directly, the scientists want to listen
even further into space. That is why
the detectors of this network are continually upgraded in turns.
GEO600 has always been a trailblazer in this respect. GEO600 has the
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shortest measuring distance, with an
arm length of 600 meters – LIGO has
an arm length of four kilometers, and
Virgo three. This means, first, a lower
sensitivity for the detector in Ruthe.
To compensate for the limitations of
the shorter arm length, the physicists
in Hannover refined the measuring
techniques. The key detector technologies resulting from the GEO600 proj-

ect are then taken into account in the
current renovation phase for the next
generation.

THE LASER ITSELF BECOMES
AN INTERFERENCE FACTOR
AdvancedLIGO and AdvancedVirgo are
expected to increase the measuring sensitivity of the network tenfold. “When

the work is completed in a couple of
years, we will be able to observe a thousandfold greater volume of the universe. This will simultaneously increase
the rate at which we expect to see
events,” says Karsten Danzmann. “We
believe we will get at least a few dozen
astrophysically relevant observations
per year – in the best case perhaps even
a few per day.”

The telescope ears in Germany (GEO600), at two locations
in the US (LIGO) and at one in Italy (Virgo) form a network
to listen for gravitational waves and jointly evaluate the
resulting data. The observatories in the US and Italy are
now being equipped for the first direct detection and are
expected to begin measurements again starting in 2016 –
with ten times greater sensitivity.
Previously, the scientists estimated that they would
then be able to observe on average 40 merging neutron
stars or black holes per year. Now, a study by Bernard F.
Schutz, Director at the Golm-based Max Planck Institute
for Gravitational Physics (Albert Einstein Institute), shows
that, with optimum data analysis, in theory, this rate is
even 160 such events per year. However, this can’t be
achieved with the current spatial arrangement of the detectors. Instead, one measuring instrument is needed on
the other side of the globe – an ear on the back of the head,
so to speak.
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The measuring sensitivity of a detector network depends
on the sensitivity of the individual detectors and their position on the Earth. In his study published in the journal
Classical And Quantum Gravity, Schutz shows how this
relationship can be characterized for any network using
three numbers: the distance from which the gravitational wave source in the sky can be detected by the individual detector; the smallest signal-noise ratio at which a
gravitational wave detection is just barely still possible;
and the geometric arrangement of the detectors in the
network.
“Simply relocating one of the existing LIGO instruments from the US to Australia would increase the detection rate by two- to fourfold,” says Schutz. If, as planned,
gravitational wave detectors also go into operation in Japan, Australia and India, the researchers will be able to observe around 370 astronomical events each year, and in
routine measuring mode, even 500.
EM / HOR
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BETTER HEARING WITH DISTRIBUTED EARS

Photos: Sven Döring (2)

In Hannover, Karsten Danzmann (center) is tracking down gravitational waves. In the labs, the scientists are working to
improve the detector technologies. Roman Schnabel (left) developed the squeezed-light laser source. Benno Willke (right)
cleans a laser lens.

The requirements for gravitational
wave detectors are so demanding that
certain properties of the laser itself are
a source of disturbance. This is due to
the quantum-mechanical properties of
light. When the signal beam reaches
the photodiode, the light displays its
particle nature: the light quanta pelt
down on the photodiode at irregular
time intervals like shot pellets. For this
reason, experts also refer to these irregularities in the signal as shot noise. If
a gravitational wave temporarily generates a similarly weak fluctuation in
brightness, it would be only too easily
overlooked.
However, the stronger the laser
beam is, the lower the impact of the
shot noise. This is because a higher
photon density means a shorter time
interval between the light particles hitting the diode in succession – and
there is a decrease in the relative irregularities. A more intense laser source is
thus helpful here.
In Hannover, Benno Willke and his
working group are developing such lasers with properties that are specially
tailored to the requirements of gravitational wave detectors. For this, the

Max Planck scientists work closely
with the Laser Zentrum Hannover e.V.
(LZH). The lasers produced here are
marked by high power stability at a
well-defined frequency. They operate
with Nd:YAG crystals in the infrared at
a wavelength of 1,064 nanometers
(millionths of a millimeter).

POWER AND FREQUENCY
MUST REMAIN STABLE
The power of the laser currently used
in GEO600 is 12 watts, but a new 35watt laser is due to be installed soon.
For comparison, a red or green laser
pointer for home use operates at a
power of less than one milliwatt.
For the search for gravitational
waves, the laser power and laser frequency must be constant over time
and, at the same time, the spatial beam
profile must be particularly symmetrical and stable. But the higher the laser
power, the more difficult it becomes,
technologically, to produce such a
beam profile. In order to reduce the socalled frequency noise, the physicists
couple the less stable high-power laser
with a lower-power laser that, howev-

er, has a more uniform beam. For this,
the high-power laser takes on the stability of the weaker laser. In addition,
the scientists use control loops to obtain optimum beam quality and a
good intensity noise.
In this way, the Max Planck researchers recently produced the first
power-stabilized 200-watt laser. They
are currently installing it in the LIGO
detector in Livingston; two additional
light sources of the same design are
planned for the detector in Hanford.
Some of the laser technologies developed in gravitational wave research
are now being used in industry applications, in slightly modified form. For instance, the amplifier systems modified
by neoLASE GmbH can be used for materials processing. neoLASE also took
the control electronics and developed,
together with the LZH, an application
with which the laser systems can now
also be controlled from an iPhone.
But 10, 35 or even 200 watts are still
not enough for the physicists. “To ensure that we have enough photons
available, we even recycle laser light,”
says Hartmut Grote. The physicist
spends the majority of his working

3 | 11 MaxPlanckResearch

53

PHYSICS & ASTRONOMY_Gravitational Physics

hours at the detector in Ruthe. “We
built an additional mirror into the interferometer to create, together with
the two end mirrors, a resonator for the
laser beam. Trapped in this way, the laser traverses multiple paths in the interferometer and is superimposed on the
light that continues to be fed in, until
the light power has increased to three
kilowatts,” says Grote.
The shot noise likewise increases, but
to a lesser extent than the average beam
intensity. The advantage when searching, for example, for black holes is that
the gravitational wave signal stands out
better from the background noise. Power recycling was part of the basic configuration of all gravitational wave detectors in the LVC right from the start.
Only at the GEO600 detector is the
signal beam likewise amplified. A signal recycling mirror at the detector
output reflects the interference beam

back to the interferometer, resulting in
constructive superimposition of the
signal beam and the portion of the laser light containing the gravitational
wave signal. This process continues
until the signal is amplified tenfold.

A MIRROR THAT SWALLOWS
PRACTICALLY NO LIGHT
The previously used signal recycling
mirror permitted amplification of only
limited frequency ranges, for instance
around 500 hertz or 1 kilohertz, depending on the position of the mirror.
The replacement mirror now in use in
GEO600 exhibits a lower reflectivity,
but overall, it amplifies the signal
beam for a broader frequency range
without having to adjust the mirror
position. “It is due to this technique,
among other things, that GEO600 is
currently able to measure at high fre-

quencies with similar sensitivity as Virgo despite the shorter arm length,” explains Hartmut Grote. It is also planned
to use this method in the next generation of gravitational wave detectors in
LIGO and Virgo.
It is also important to use top-quality material for the mirror in order to
eliminate, as far as possible, many
sources of interference. For this reason,
a glass substrate named Suprasil 311SV
was created specifically for the mirrors
in the GEO600 and Virgo interferometers. This quartz glass is marked by a
particularly low absorption coefficient
– a property that is crucial especially
for the beam-splitter mirror. If possible, the mirror should not absorb any
light at all when a laser beam passes it
or is reflected. With the substrate from
Heraeus, this is successfully achieved
to less than 1 ppm (parts per million)
per centimeter.

The Einstein telescope (ET) is a community project of eight
European research institutes headed up by the European
Gravitational Observatory (EGO).
ET is planned as a third-generation gravitational wave
detector and is expected to measure with 100 times greater sensitivity than first-generation instruments. Just as
with the first two detector generations, tiny changes in
length – far less than the diameter of an atomic nucleus –
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will be measured in two connected, several-kilometerlong interferometer arms.
“We decided to investigate possibilities for the construction of a new generation of more sensitive observatories. After three years of work by more than 200 scientists from Europe and around the world, we can now
present the draft study for the Einstein telescope. This
paves the way to the discovery of previously hidden regions of the universe,” says Harald Lück, deputy scientific
coordinator of the ET study and researcher at the Max
Planck Institute for Gravitational Physics (Albert Einstein
Institute/AEI) in Hannover.
The study, which was presented at the European Gravitational Observatory (EGO) in Pisa in late May, states the
scientific aims of the ET, the planned design and technology of the detectors, and the estimated construction time
and costs. ET will be extremely sensitive because it is to
be built underground at a depth of 100 to 200 meters. This
will significantly reduce measurement uncertainty and interference caused by seismic movements. ET will therefore
be very sensitive also at low frequencies – between 1 and
100 hertz. The researchers aim to use the detector to observe the entire spectrum of gravitational wave frequencies that can be measured on the Earth.
MM
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ET PAVES THE WAY INTO THE HIDDEN UNIVERSE

The laser and mirror are housed in the vacuum tanks (left). The physicists (here Harald Lück) monitor the
detector settings and the signal beam on the screens.

This is important because absorbed
light heats up the glass at the site of
passage according to its intensity. The
refractive properties of the mirrors, in
turn, change with the temperature.
Since the laser beam is more intense at
the center than at the edge, the mirror
heats up more in the center than in
the outer regions. This temperature
difference acts like a thermal lens, distorting the entire optics and affecting
the measurement.

Photos: Sven Döring (2)

WELL-BALANCED BY PENDULUMS
For the end mirror of the interferometer, in turn, the reflection properties
can’t be good enough. To optimize
them, the quartz glass surface is provided with an extra mirror layer. If sunlight
from the atmosphere hits a windowpane perpendicularly, it doesn’t pass
through the glass completely. A small
portion, about 4 percent, is reflected.
Wafer-thin, alternating layers of silicon
dioxide (SiO2 ) and tantalum(V) oxide
(Ta2O5 ) with different refractive indices
applied to the interferometer mirror
have the same effect for a laser beam.
Altogether, between 23 and 28 such
double-layers are required to obtain an
optimum reflection (99.998 percent).
A number of disturbing influences
that still have to be considered are seis-

mic in origin. They are especially troublesome when making measurements
at low frequencies below 100 hertz. To
reduce them to a reasonable extent, scientists at the University of Glasgow developed a special pendulum suspension
for GEO600.
A simply suspended pendulum oscillates easily below its resonance frequency. It’s easy to try this yourself: a
heavy object – such as a stone – tied to
a string, and you have a pendulum. Input energy into the pendulum by moving the upper end of the string back and
forth, slowly at first, and it will begin to
sway rhythmically. The pendulum will
have the largest amplitude when it is
pushed in time with its natural frequency. If, in contrast, the rate of the energy
input is above the resonant frequency,
the pendulum will move only weakly or
not at all. If multiple pendulums are
suspended one above the other, it will
be possible to stimulate them practically only at the resonant frequencies of
the combination.
The detector mirrors are thus also
suspended as multiple pendulums in
order to minimize seismic interference
across the broadest possible spectrum.
The end mirrors of the GEO600 detector, for instance, are arranged in a triple suspension for this reason. The mechanical filter effect of the pendulums

makes it possible to passively reduce
disturbing seismic influences by as
many as nine orders of magnitude. Directly behind this is a second triple
pendulum whose components target
the corresponding mass of the mirror
suspension through electromagnetic
and electrostatic forces. These actuators, as they are called, help to actively dampen the remaining disturbances, whether internal or produced at
resonant frequencies.
The lowest frequencies up to 1 hertz
are suppressed at the topmost pendulum component, frequencies below 10
hertz at the middle component, and
interference up to 100 hertz directly at
the mirror. In this way, the mirror is
brought into its working position and
kept still there. Nevertheless, the gravitational wave detector is not safe from
earthquakes registering more than six
on the Richter scale, no matter where
on the planet they occur. Then it is
jolted out of alignment, and the mirrors have to be fine tuned again. But it
takes only a few minutes until GEO600
is able to listen into space again. A total
of 260 control loops align the mirror,
hold it in position and dampen external vibrations.
In addition, the mirrors in the pendulum are suspended particularly friction-free. The mirrors and middle pen-
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Glimpse into the future: Harald Lück (left) and Hartmut Grote
anxiously await the discovery of the first gravitational wave.
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RESEARCHERS EVEN OUT
IRREGULARITIES
The photons emitted with low energy
always occur in pairs and quantummechanically entangled. “Here, we are
using an effect that quantum theory
predicts, but that can’t be illustrated in
any way,” explains Schnabel. “We superimpose the photon pairs from our
crystal with the normal laser light in
GEO600.” This interference is noticeable thus: Whenever, as a result of
quantum noise, there are too few photons in the beam, constructive interference occurs. When there are too many,
the excess photons are eliminated.
“Surprisingly, this works, although the
quantum noise is really random,” says

Schnabel. In this way, it is possible to
even out the quantum-physics-induced irregularities in a laser beam.
This may soon make it possible to double the measuring precision of gravitational wave detectors.
Whether the researchers themselves bring about advances in the
measuring technologies, or whether
they manage to further outsmart the
laws of nature – either way, it remains
exciting. And if the theorists’ calculations are correct, gravitational waves
may soon be trapped in the nets of
Earth-bound scientists.
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GLOSSARY
Euclidean space
Well into the late 19th century, it was
assumed that Euclidean space describes
the “space in our view” and thus the
physical space that surrounds us. However, not least Albert Einstein (1879 to
1955) developed, in his relativity theory,
a space concept that differs from Euclidean space with respect to mathematics.
Laser
Laser stands for Light Amplification
by Stimulated Emission of Radiation.
Amplification in a resonator, such as a
crystal, is achieved by inputting energy,
causing more electrons to populate a
higher-energy state than a lower-energy
one (population inversion). Through
stimulation, the electrons finally fall
back to their starting level and produce
light. The reflection in the resonator amplifies this light emission like a cascade.
Newton’s Law of Gravity
This law, published by Isaac Newton
(1643 to 1727) in his work Philosophiae
Naturalis Principia Mathematica in 1686,
states that every mass point exerts on
every other mass point a force that is
directed along the line connecting the
mass points. The amount of this gravitational force is proportional to the
product of the two masses and inversely
proportional to the square of the distance between the two masses.
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dulum weight aren’t hung on a fine
steel wire, for example, but instead on
a thin thread made of quartz glass.
What is special about this material is
that it has a much lower frictional resistance than steel. Furthermore, the
glass fiber is directly (monolithically)
connected with the mirror and the second pendulum weight, so there is no
friction at these two points of contact.
This is advantageous for the measurements with GEO600 because lower
friction causes fewer disturbances, resulting in more refined measurements.
These quartz glass fibers were specially developed by scientists at the
University of Glasgow for the mirror
suspension in gravitational wave detectors. This technology has already been
in use in GEO600 for ten years, and was
also recently installed in Virgo.
The gravitational wave detectors
now measure with such precision that,
particularly with high-frequency signals of a few hundred hertz, the shot
noise is especially disturbing. At these
frequencies, even a high-power laser or
power recycling is not sufficient to filter a potential signal from space out of
the background noise. Roman Schnabel in Hannover is focusing on such
measurements at the quantum limit.
He and his working group developed a
laser source that produces particularly
low-noise light.
The quantum physicists use photons
from so-called non-linear crystals to line
up the recalcitrant photons of a laser

beam at more uniform intervals, “squeezing” them
into a neat line.
Such crystals have a
special optical property:
in the excited state, they
are able to take up and
emit photons that have
exactly half the energy of
the light quanta required
for excitation. To conserve energy, however, a
non-linear crystal always absorbs two
of the low-energy photons. In order to
“store” them, it converts them into a
higher-energy photon of its excitation
frequency. Then two light quanta of the
longer wavelength are again available
for the emission.
Periodically poled potassium titanyl phosphate (KTP) – the scientific
name of the crystal – is what Roman
Schnabel uses in his “squeezed-light laser.” The atoms in this crystal can be excited with green light of a wavelength
of 532 nanometers. But the emitted laser light can also have double that
wavelength (1,064 nanometers). That
is precisely the wavelength of the laser
that is circulating in GEO600.
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The Terror
of Trauma
Years after their occurrence, terrorist attacks, natural disasters
and accidents continue to trigger anxiety and panic attacks
in many people. Those afflicted find themselves reliving the event
in nightmares or flashbacks. A team of doctors and researchers
at the Max Planck Institute for Psychiatry in Munich, headed
by the institute’s Director, Florian Holsboer, is seeking ways to
prevent and treat such post-traumatic stress disorders.

TEXT ADELHEID MÜLLER-LISSNER

I

n the opinion of some of his colleagues, psychiatry’s gain in attracting Florian Holsboer to its ranks
was architecture’s loss. Shortly after
he took up the position as the new
Director at the Max Planck Institute for
Psychiatry in Munich in 1989, the din
of construction could be heard on the
institute campus, where the light-filled
semi-circle of the lecture hall in the
new institute building was being completed, the design of which Holsboer
was closely involved in. His colleagues
thus had good reason, on the occasion
of his 60th birthday, to present him
with a “golden book of building” inscribed with the motto – based on Descartes – “I build, therefore I am.” Holsboer shows the book to visitors with the
satisfaction of someone who feels that
he is understood.
And, of all people, this man, whose
work on the development of the institute was expressed in the functionality
and aesthetic appeal of the institute’s
new buildings, would experience first
hand the collapse of the two towers of
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the World Trade Center in New York on
September 11, 2001. From the window
of his hotel room, Holsboer saw one of
the two jets that flew over Manhattan
and, in an unprecedented act of terrorism, destroyed thousands of human
lives and reduced an iconic modern
landmark to ash and rubble. Remaining
“cool and composed,” he photographed
the unfolding event “as though it had
nothing to do with me at all,” relates the
psychiatrist nearly ten years later.

NORMALITY IN AN EMERGENCY
Holsboer’s amazement at how he was
able to get something to eat and then
go for a haircut just a few hours after
the disaster is still palpable. Everyday
actions in an emergency situation – everyday actions that he will remember,
right down to the very last detail, for
the rest of his life. “I ordered poached
eggs on a bed of spinach, a dish called
eggs benedict.” But he probably left the
hotel that day only so he could engage
in normal conversation with people. >

The trauma of September 11,
2001: Many of those affected
are still plagued by the horrific
impressions and experiences
of this day.

Photo: ddp images
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of the events that trigger the disease go
back several years,” says psychiatrist Ulrike Schmidt, head of the outpatient
trauma clinic at the Max Planck Institute in Munich. Her patients come to
her because they have long been unable
to sleep properly, because they are tortured by nightmares or because their
memory has been permanently altered
by the traumatic experience. They
come when they are plagued by memories in the form of flashbacks, when
they find themselves forced to avoid vital everyday situations, when they have
become extremely jumpy and anxious.
Tests carried out on, for example,
former American soldiers would suggest that around one-tenth of those
who have experienced a particularly
stressful situation go on to develop a
mental disorder. Not all display the typical symptoms of PTSD but, at the very
least, they experience adjustment dis-

orders or show character changes.
Women become ill after bad experiences more frequently than men; it is thus
likely that sex hormones also play a
role in these conditions.

BETTER SOONER THAN LATER
WITH TREATMENT
“The longer you wait with such symptoms, the more difficult and longer the
therapy required,” says senior physician Ulrike Schmidt. In some cases, it is
unlikely that the patient will make a
complete recovery, “but we can always
make an improvement.” The aims of
the therapy are defined in consultation
with the patient at the beginning of the
therapy. Transparency is an important
principle here – particularly when the
psychiatrists consider the patient’s condition as being so acute and dangerous
that they advise inpatient treatment.

Photos: G. B. (2)

Many people who managed to reach
safety that day or who lost relatives in
the rubble of the Twin Towers were so
shocked by these events that they became mentally ill. Post-traumatic stress
disorder is the psychiatrists’ diagnosis.
It is also made several times a day at the
trauma outpatient department of the
Max Planck Institute for Psychiatry: in
women and girls who have been raped,
people who have been involved in serious car accidents and were sitting beside another passenger who was killed,
and soldiers who have been traumatized through their involvement in
dangerous military interventions.
According to the internationally
recognized DSM-IV diagnosis manual
of the American Psychiatric Association, the ability to identify a clear trigger for the disease is a feature of posttraumatic stress disorder (PTSD). “By
the time the patients come to us, many

BIOLOGIY & MEDICINE_Neuroscience

Creative activity can help patients express
their moods and deal with stressful feelings.
These paintings are the work of the patient
G.B., who has been receiving treatment at the
Max Planck Institute for Psychiatry for a long
time. She experienced certain effects of her
illness as traumatizing. These include the
compulsion to harm herself. She expressed her
perceptions during the different stages of her
illness in visual images.
left: “Self harm” – “This painting emerged from
the impulse to harm myself. However, I was
able to deflect the impulse onto the canvas.”
right: “I was in complete despair about my
condition and the many drugs, but I filled the
empty drug containers with paint as a sign
that there was still hope that I would emerge
from my illness with the help of the drugs.”

This is the case with every fifth patient
who comes to the institute with a stress
disorder of this kind. “Some have serious suicidal thoughts, while others are
detached and unapproachable and
ward off the serious stresses in this
way,” explains Ulrike Schmidt. A group
of victims is occasionally monitored at
the institute’s day clinic.
But the treatment of post-traumatic
stress disorder need not always be a
lengthy affair: “In some patients, ten
two-hour sessions followed, perhaps, by
a concluding session six months later is
sufficient.” Different therapeutic methods are combined in an undogmatic way
for the psychotherapy. “We don’t follow
a strict plan, but rather take direction
from the patient’s individual needs,” explains Schmidt. One thing is always ensured, however: before the patients are
directly confronted with the bad event
at the root of their condition, they must

be safe from a possible perpetrator and
must have learned how to curb their
stressful thoughts using such methods
as the “thought stop” technique. Therapy is also accompanied by the administration of various drugs, for example
to counteract sleep disorders. However,
there are no drugs available that are specifically effective against PTSD, and this
represents a challenge for a research institute whose Director embarked on his
academic career as a chemist.
In all cases, treatment is preceded
by a detailed diagnosis. In addition to
structured interviews, this also involves
the determination of biological parameters. To this end, blood is taken from
the patient several times over the
course of the treatment. Schmidt and
her colleagues from the Molecular Psychotraumatology research group analyze the blood for markers that show
the biological effects of the traumatic

event, for example how it alters the
programming of gene and protein activities. The biomarkers are biological
informants that later also provide
pointers as to how the epigenetic and
biochemical changes can be reversed,
in part, through successful therapy.
The scientists at the institute would
now like to research this process in a
major clinical study on post-traumatic
stress disorder involving around 800
patients. A cooperation with the German armed forces is planned. “We
would also like to be able to include
a group of people who have experienced traumatic situations without developing psychological problems,” says
Schmidt. This is one of the great conundrums that puzzle the researchers at the
Max Planck Institute for Psychiatry:
Why do some people become ill after a
bad experience, while others remain
unaffected? What are the risk factors

3 | 11 MaxPlanckResearch

61

for predisposition to a stress disorder?
These are questions that lead the researchers from humans to mice. “In our
work, the topics for examination in basic research come from the clinic,”
stresses institute Director Florian Holsboer. Whereas the principle “from
bench to bedside” is frequently cited in
other research contexts, he consciously expresses the philosophy of his institute the opposite way around: “From
bed to bench – and back!”
Biologist Carsten Wotjak, head of
the Neuronal Plasticity research group,
may be the institute’s “lord of the
mice.” But when he subjects the rodents to different stressors, it is subway
drivers, emergency medical technicians
and soldiers that are foremost on his
mind. “The ultimate aim is to predict
the individual predisposition to strong
or weak traumatization, and to be able

62

MaxPlanckResearch 3 | 11

to intervene at an early stage after a
traumatic event.” A very well received
study that was published in November
2009, and whose authors include Holsboer and Wotjak, showed that baby
mice that are separated from their
mothers at an early stage display increased activity of the vasopressin gene
and altered methylation patterns in
their DNA. As the biologist points out,
however, rats and mice also display significant differences in terms of their
vulnerability to stress.
The researchers are largely dependent on the interpretation of the laboratory animals’ behavior for their studies – when they recognize brain activity
characteristic of fear from the brainwaves in an electroencephalogram,
they can’t ask the mouse whether it remembers the unpleasant electric shock
it felt against its foot. Therefore, wheth-

er or not undesired memory content
constantly arises in the mouse’s mind,
as is the case with humans with posttraumatic stress disorders, remains
purely a matter of conjecture. The fact
that a mouse is traumatized is most
likely to manifest itself at the behavioral level through altered mobility patterns, for example through increased
agitation shortly after the traumatic
event. The animals will also tend to
avoid situations that they know to be
unpleasant for a long time after the initial experience.
With a view to answering the question as to what makes mice particularly vulnerable to symptoms reminiscent
of a post-traumatic stress disorder, the
scientists anaesthetized the small rodents and placed them in a magnetic
resonance imaging (MRI) scanner.
These tests showed that animals that

Photo: G. B.

“This painting expresses the desire for beauty, but it also
shows bars – a symbol of the experience of being locked up
in the closed psychiatric unit. The bars block the view of the
beauty, but they also link the light and the darkness.”
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The number of people who develop a post-traumatic stress disorder after a traumatic
experience has remained constant since time immemorial.

is against this kind of disorder; we can
all fall victim to a tsunami or terrorist
attack. Furthermore, the well intentioned attempt to provide “debriefing”
for all those affected in the aftermath
of a catastrophe is now viewed by experts as harmful. According to Holsboer, the “cellular turmoil” in people
at particular risk from PTSD is far too
great. The most effective measure
would be to recognize this fact immediately and proceed with targeted therapeutic intervention.

THE PSYCHOLOGICAL IMPACTS
OF SEPTEMBER 11TH
This brings us back to the key traumatic event of September 11, 2001. “As
horrendous as this event was, it offered
favorable conditions for our research,”
says Marcus Ising, who works in the fascinating area of molecular psychology.
“Nine eleven” ultimately affected people from all walks of life and thus provided the researchers with a valuable
representative sample. The researchers
from the Max Planck Institute for Psychiatry did not develop an interest in
those affected by this event solely because their boss was in New York on the

day of the attack; they also saw it as a
challenge that they should rise to, since
the stress hormone system had long
been one of the institute’s main research topics. And if you are involved
in research on stress and the psyche,
there is hardly any way around posttraumatic stress disorder.
So the Munich-based psychiatrists
cooperated with the New York Academy of Medicine and the Mount Sinai
School of Medicine, from where Rachel
Yehuda came to Munich to take up
the Kraepelin Professorship at the Max
Planck Institute for Psychiatry in 2004.
The work carried out in this context included the examination of blood samples taken from 40 people directly affected by the attack. According to these
analyses, half of the study participants
developed a stress disorder and, despite
being exposed to the same conditions,
the other half remained mentally
healthy. All of the participants shared a
similar genetic background.
>
left: Soldiers deployed in war are often
traumatized. The earlier a post-traumatic
stress disorder is treated, the greater the
chance that treatment will succeed.
right: Ulrike Schmidt with a patient

Photos: dpa; MPI for Psychiatry

have particularly high concentrations
of N-acetylaspartate – a metabolic product of nerve cells – in a particular region
of the hippocampus later react particularly robustly to stress. “Our findings
suggest that this is a biomarker that
could also help identify people who are
at risk from PTSD in advance of a traumatic experience,” explains Wotjak.
The Max Planck scientists hope to
achieve similar results from the measurement of sleep quality. Michael
Czisch and his research group influenced the fear memory of healthy
young test subjects using mild electrical impulses before they allowed them
to take a long afternoon nap. The test
participants who did not have any
REM sleep phase displayed the strongest fear reactions.
The question that arises here is
whether it will one day be possible to
say who should not join the police
force or fire department on the basis
of sleep tests and biomarkers. Ulrike
Schmidt is convinced that the number
of people who develop a post-traumatic stress disorder after a traumatic experience has remained constant since
time immemorial. What is certain is
that there can be no blanket prophylax-
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Stress, trauma
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above: Epigenetic trauma memory in the
brain: Chemical appendages, known as
methylations (CH3), inhibit the production of the stress hormone vasopressin
(bottom left). In the event of stress or
trauma, excess calcium flows into the
neurons of the midbrain. The molecule
MeCP2 gains phosphate (P) as a result and
is no longer able to bind to the control
region of the vasopressin gene. The gene
then becomes overactive (bottom right).
But MeCP2 has another function:
it provides a docking site for proteins
that give the DNA the epigenetic markers.
Missing methylations can no longer be
completed and are gradually lost.
The formation of vasopressin can’t be
controlled, and life-long overproduction
occurs.
below: Florian Holsboer, Director of the
Max Planck Institute for Psychiatry

CH3

The question that interested the scientists here concerned the differences displayed by the gene activity in their
cells. “We tested over 3,000 pieces of
data and an old acquaintance eventually came to light,” reports Ising. The
old acquaintance was the FKBP5 gene.
In their work on depression, the researchers had previously observed that
minor variations, or polymorphisms, in
this gene could have a crucial influence
on the disease. Indeed, depression is
the field for which the Munich-based
institute and its Director Florian Holsboer, who treated the prominent German soccer player Sebastian Deisler for
the condition, has been renowned for
many years.

EXAGGERATED EFFECT
OF CORTISOL
In cells, the FKBP5 gene modulates the
glucocorticoid receptor, a docking site
for cortisol, which plays a crucial role
in the regulation of the stress hormone
axis. Whereas, typically, the gene is
particularly active in patients with depression, at initial glance, the opposite
appeared to be the case in patients suffering from post-traumatic stress disorders: the gene displayed a particularly
low level of activity in these patients.
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CH3

CH3

The interactions here, as Ising explains, are complicated: “The gene
plays a crucial role in the sensitivity of
the receptor. If it is turned down, as in
the case of patients with a PTSD, the
receptor is able to do its job particularly well.”
Accordingly, the changes in the
gene regulation in the two conditions
are mirror images of each other: in the
case of PTSD, the reaction of the receptor to the stress hormone cortisol is excessive, and in the case of depression,
it is extremely attenuated. “Both reactions appear to be harmful,” explains
Ising. He and his colleagues are unanimous in their assumption that the conditions involved here are not opposites.
“We believe that the reaction is initially the same in both cases. The reduced
activity of the FKBP5 gene in the case
of a post-traumatic stress disorder is
probably not the cause, but the consequence of the illness.” It is likely to be
the outcome of an incorrect biological
strategy, a desperate self-defense measure by cells that find themselves in turmoil in the face of extreme stress. This
idea is also supported by studies carried
out in the US in which Ising’s colleague
Elisabeth Binder was also involved: “As
we now know today, the genetic variants that promote the development of

Photo and graphic: MPI for Psychiatry
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Sleep tells us a lot about the predisposition for post-traumatic
stress disorder (above). Test subjects with REM sleep phases
react less anxiously to light electrical impulses when awake:
their fear-sweat production declines more than that of test
subjects who don’t experience REM sleep phases (bottom left).
In the red brain regions, the brain activity rises after the
electrical impulses (bottom right). The cool colors show areas
near the possible REM sleep center that are more active in
people without REM phases than in people with REM.
The hyperactivity of these areas probably causes the absence
of REM phases.
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depression can also lead to post-traumatic stress disorders.”
The possibility of a relationship between depression and PTSD is also supported by the observations that the two
conditions frequently arise in combination and that antidepressants can help
prevent the development of a posttraumatic stress disorder in the immediate aftermath of a bad experience.
Ising refers to the “multiple ties between the two illnesses.” And this includes anxiety disorders.
Like the psychiatric disorders they
research, the scientists at the Max
Planck Institute for Psychiatry are also
inextricably linked. When the psychiatrists, psychologists and biologists

t

visit each other, they frequently pass
by Emil Kraepelin, who founded the
“German Research Institute for Psychiatry” in 1917 and whose bust is prominently displayed near the institute’s
lecture hall. The systems currently
used for the classification of mental
illnesses have their roots in Kraepelin’s
work. And the very man who today
advocates “breaking down diagnostic
restrictions in favor of a causal understanding” of mental illnesses is Kraepelin’s seventh successor at the institute in Munich. Florian Holsboer
might also be able to persuade Kraepelin that psychiatry must find personalized treatment paths. “After all, we
are all proud to be individuals,” he

notes. “Only when we become ill are
we happy to take cover under the general umbrella of a diagnosis.”
It is unlikely that Kraepelin would
be able to follow his colleagues today
when they speak of “genetic switches”
that “are reset by a trauma,” or “drawing-board-design molecules that accumulate specifically at receptors.” He
would note, however, that building and
development work is still under way at
the Max Planck Institute for Psychiatry
in Munich’s Schwabing district. And
what’s more, defenses are also being
erected there that are strong enough to
protect the human soul against mental
illness in the aftermath of a traumatic
experience.

Photo and graphic: MPI for Psychiatry

GLOSSARY
REM sleep (REM: “rapid eye movement”)
The phase of sleep characterized by rapid movement of the eyes, increased heart and breathing
frequency, and dream phases. It appears that
people who react particularly strongly to fear
stimuli do not attain the REM phase of sleep.
Permanent activity of the brainstem may play an
important role in these people. The brainstem
is located next to the brain’s REM sleep center.
Its overreaction probably results in the complete
omission of this sleep phase. Brain processes that
depend on REM sleep phases can be impaired as a
result, and this can explain the fear reactions.

Stress hormones
The stress hormones include cortisol,
cortisone and corticosterone. These
hormones, which are also known as
glucocorticoids, are produced in the
adrenal cortex. They bind to receptors in
the cell membrane and regulate the cell’s
gene activity via signaling chains. The
effects of stress hormones include analgesia
and immune inhibition, and they also
influence the body’s water and mineral
balance. Stress hormones and their receptors clearly play a role in mental illness.

Epigenetics
Epigenetic changes are molecular appendages, e.g.
methylations, that facilitate or hinder the reading of
genes. An organism’s living conditions can influence
its genes in this way. Mental illnesses caused by
stress can also be based on epigenetic changes. For
example, the genes of baby mice that are separated
from their mothers shortly after birth undergo
epigenetic modifications. The animals produce increased levels of stress hormones as a result, and
have problems dealing with stressful situations.
Such acquired genetic changes can be passed on to
subsequent generations.
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From football player to neuroscientist:
Sam Young has had an astonishing career.

Photo: O’Donnell Agency – Jennifer Sullivan
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Still Scoring
Touchdowns
In college they called him Stump – as in tree stump – because of
his physique and his strong will. Today, former football player
Samuel Young is a renowned neuroscientist. Using innovative
tools and sophisticated techniques, he would like to find out how
nerve cells communicate with one another. The head of a junior
research group at the Max Planck Florida Institute is the quintessential researcher. But his career took an unconventional path.

TEXT HUBERTUS BREUER

xxxxxxxxxxxx

S

amuel Young doesn’t look like
someone to be messed with.
The man is muscular and built
like a tank, and his loud laugh
confidently marks out his territory. Sitting under the palm trees on
the campus of Florida Atlantic University, eating steak and fries, and hearing
how he came from a middle-class
neighborhood in New Jersey to head
a junior research group at the Max
Planck Florida Institute, one gets the
impression that his physical presence
and sheer strength of will were instrumental in his achievements. After all,
nothing was handed to this young scientist on a plate.
For a little over a year now, 37-yearold Samuel (Sam) Young has been a researcher in Jupiter, on the Atlantic
coast of Florida. He is researching how
neurons communicate with one another. He tackles his work with an innovative arsenal of tools, such as manipulated viruses that insert genes into cells,

and sophisticated surgical techniques
that allow him to manipulate the gene
functions of certain brain cells in mice
and rats in order to study their neuronal signal transduction.

RESEARCHING THE BRAIN
WITH VIRUSES
The researcher developed these tools
himself at such academic centers as
Princeton University, the University of
North Carolina in Chapel Hill, the Salk
Institute in La Jolla, California, and the
Max Planck Institute for Biophysical
Chemistry in Göttingen. “What I do is
basic research – we want to know what
biophysical and molecular mechanisms
underlie brain function. Once we understand these basic mechanisms, we will
then be able to understand the causes of
brain disease,” he says.
Young’s career could not have been
foreseen when he embarked on his
studies – from party-loving college stu-
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I had the feeling that nothing could break me.

dent and football player to outstanding
researcher in the fields of molecular biology, virology, electrophysiology and
biophysics. The scientist remembers
something his mentor, cancer researcher Arnold Levine, told him: Young had
just graduated from Princeton and
Levine remarked that people like him
didn’t really exist in the sciences.
Sam Young grew up in New Jersey,
in a typical American suburban town –
Caldwell, about 16 miles from New
York. Home was a two-story, colonialstyle house with a driveway and a garden in the back. When Sam was a child,
his mother worked Friday and Saturday
nights as a waitress and later became a
full-time housewife. She only returned
to work when he was in high school.
She finally earned a college degree two
years ago, at the age of 60. His father
was a sales representative for Frito-Lay,
delivering potato chips and snack foods
in neighboring Newark, a city with a
notorious reputation – drug-related
crime, gang wars and muggings were

commonplace. One day, Young’s father
was attacked and shot, and took early
retirement as a result. “My father was a
highly intelligent man, but unfortunately, he didn’t have the same educational opportunities that he made sure
his children had.”

A GOOD EDUCATION FOR
A GOOD START
Young’s father strongly encouraged his
children to get a good education: “You
need to get an education. You don’t
want to have to be doing hard physical
work like me to earn a living.” Sam and
his siblings took his words to heart. His
older brother, Andrew, was the first person in his family to graduate from college. He now works in the pharmaceutical industry. His younger brother has
a doctorate in chemistry and works as
a senior research chemist in the area of
green energy technology.
“It’s hard for me to say this now,”
says Sam Young as he takes a break

from his meal, “but my father beat us
when we were young. That instilled in
me a certain amount of insecurity. At
the same time, my father’s beatings
made me tougher and able to withstand physical and mental punishment.” Moreover, Sam Young was always well built and a good athlete. “I
had the feeling that nothing could
break me. I always thought that I could
survive anything.”
Young also excelled at school: “I
never had to study. Everything came to
me very easily,” he recalls. He discovered his affinity for science at an early
age, too. One of his favorite books was
Science Experiments You Can Eat. He
learned how cabbage can detect acid,
how bacteria make yoghurt and how
sugar turns to caramel.
When he went to high school, he
began playing football. Young wasn’t
the biggest player on the team – 5’10”
(178 cm) in this sport tends to be below
average – but he was strong and fearless. His reputation as a talented player

In the patch clamp method, a fine glass pipette is placed on the cell membrane of a nerve cell to measure electrical current in the neurons.
left

Flow of current through a calcium channel in the presynaptic cell (top); flow of current in the postsynaptic part of the synapse (bottom)
(nA: nanoamp; ms: millisecond)

center

Simultaneous measurement at the presynaptic (red arrow) and postsynaptic part (blue arrow) of a calyx of Held synapse.

right

Sam Young aspirates the cell membrane. The vacuum causes the edges of the pipette to adhere to the membrane.

pre lCa
1 nA

EPSC

1 nA
2 ms
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Sam Young checks to see how an experiment is progressing. Fluorescent nerve cells can be seen on the screen in the background beside the microscope.

helped him in his college applications.
Of all places, it was the elite Princeton
University that was grateful to welcome
the football player with excellent grades
in its incoming college class. For Young,
it was confirmation of his belief that he
could do anything.

Photo: O’Donnell Agency – Jennifer Sullivan

SNOBBERY AND PREJUDICE
Princeton was a culture shock; the majority of his classmates came from
wealthy families who had attended private schools and had every advantage
that such environments offered. All of
them were destined, from the day they
were born, to attend an Ivy League university. “Initially, I had major problems
with the elitism on campus.” Classmates made him and other football
players feel that they had been accepted at Princeton merely because of their
sporting skills. Naturally, that created a

strong bond among the football players, and Young soon found a home
within the football team.
Young began his first semester with
an experiment: “Because I always performed well in the natural sciences, I
wanted to see what would happen if I
attended seminars only in the humanities. As it turned out, that wasn’t such
a good idea.” All the while, he was partying hard, just like many American
college students living away from
home for the first time. Young indulged excessively in the initiation
rites that mark the passage into the
world of young adulthood. “I was the
one who always did something crazy
at a party. Most of my fellow students
didn’t even know my real name. To
them I was simply ‘Stump’” – as in tree
stump, the man who is as wide as he
is tall and doesn’t move for anything
or anybody.

When he again turned his attention to
the natural sciences, he decided to major in molecular biology. When he approached the secretary in the department, she simply looked at him and
said: “There are no football players in
our department.” However, one of the
stars in the field of molecular biology,
cancer researcher Arnold Levine, was
himself a football fan and took Young
under his wing. “If it wasn’t for Arnie
Levine giving me a chance, I probably
wouldn’t be a scientist today,” says
Young. Levine was famous as the codiscoverer of the protein p53, which
suppresses the development of cancer
in some tumors. He accepted that
Young would be unable to work in the
lab during the football season, but he
could count on him twice as much for
the rest of the time. He assigned Dan
Notterman to be Young’s adviser. The
molecular biologist had worked with
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I was the one who always did something crazy at a party.

Levine to investigate whether p53 was
also instrumental in preventing the formation of cells with abnormal chromosome numbers. In 1998, two years after
he graduated from college, Young published the results as co-author in the
leading cancer journal O NCOGENE.

During his last year in Princeton, the
young scientist heard two lectures that
would have a crucial influence on his
career: one on the potential of gene
therapy, and another on the study of
memory in fruit flies. Young’s decision
to do his doctorate with a pioneer of

Entrance to auditory
nerve fibers

VCN
Bushy cells

LSO

Calyx of
Held synapse
MNTB

1 mm

MNTB

LSO

viral gene therapy and co-creator of
gene therapy vectors, Jude Samulski at
the University of North Carolina in
Chapel Hill, paved the way for his scientific career.
On his own initiative and at his
own expense, Sam Young began working in Samulski’s lab immediately after
he graduated. He soon had his own
project: investigating how adeno-associated viruses (AAV) are integrated in
the genetic makeup. The advantage of
these viruses is that, as far as is known,
they don’t cause genetic disorders.
When they are inserted into a human
cell, they integrate themselves into
chromosome 19.
In his dissertation, Young examined
the specific mechanism by which these
viruses install themselves in this particular location in the human genome. To
do this, he had to learn new skills: cloning, developing new cell lines and producing recombinant viruses. During his
time with Samulski, he also learned
how to write a paper and deliver a presentation. “Jude taught me from the
ground up how to be a scientist.”

SLOW AND STEADY WINS
THE RACE

top: Relay in the auditory brainstem system of
an 11-day-old mouse (the associated brain areas
are outlined in white). Using a virus, the nerve
cells were genetically modified in such a way
that they form a fluorescent protein and are
illuminated in green. Information transmitted
through the calyx of Held synapse helps the
animal localize sound. (VCN: ventral cochlear
nucleus, LSO: lateral superior olive, MNTB:
medial nucleus of the trapezoid body).
bottom: Calyx of Held synapses, greatly magnified. At this stage of development, the synapses
are cup-shaped.
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One of the areas that Sam Young investigated was the number of AAV proteins expressed in a cell. He initially
approached the project in his own
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Science also needs teamwork: Sam Young doesn’t analyze American football plays anymore.
These days, his focus is on ion flows and changes in potential.

way. With hard work and determination, he was looking for a quick
“touchdown” – to publish a paper as
lead author – in just his second year of
graduate studies. However, in order to
quickly finish what he thought was
the final experiment, he accepted
sloppiness in trade. “What I tried to do
was garbage science,” he now admits.
Samulski reacted accordingly and
threw Young out of his lab. “There are
no shortcuts in science.”
In retrospect, Sam Young sees this as
the turning point in his young career.
When he returned to the lab three weeks
later, he had radically changed his attitude. “It was a cathartic moment. And I
always remember Samulski’s advice:
‘Sam, you’ll never have enough time to
do it right the first time, but you’ll always have enough time to do it again.’”
Years later, in recognition and respect for
everything Samulski had done for him
in and outside the lab, Young named his
first son Jude.

Young completed his doctorate three
and a half years after completing his
bachelor’s degree. He discovered that
the AAV integrated itself on chromosome 19 not only because it found suitable docking sites there, but because its
proteins also supported chromosome
replication during cell division.

HOW DO LEARNING AND
MEMORY WORK?
Once he had completed this project,
Young began looking around for a postdoctoral position. He didn’t want to
stay in gene therapy, as the issues were
too applied for him – he was interested
in basic research. He remembered his
fascination with the neuronal basics of
memory and wondered whether neuronal genes could be manipulated in
such a way that conclusions could be
drawn about their function.
Brain research, however, had not exactly been waiting for Sam Young. Some

researchers told him that his idea was
too ambitious. Nevertheless, neurobiologist Charles Stevens at the Salk Institute for Biological Studies in San Diego
was interested. “I will always be grateful
to Stevens for giving me the opportunity to switch fields,” says Young today.
He had to learn a new research field
from scratch. He spent the first six
months studying Eric Kandel’s classic
textbook on the neurological principles
of memory and Bertil Hille’s definitive
work on ion channels in cell membranes. Steve Heinemann, another expert in molecular neuroscience at Salk
Institute, also supported Young in exploring what was, for him, unfamiliar
territory. The risk he took in working in
a new field demonstrates one of Young’s
strengths: he doesn’t shy away from acquiring a new skill, even if it serves to
answer just one scientific question. “I
never aspired to work across disciplines
– it was simply the inevitable result of
my research interests,” he recalls.
>
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Sam Young also learned the complex
patch clamp technique. This is a method that uses fine pipette tips to measure
the smallest currents through the individual ion channels of a cell membrane. This method was developed by
biophysicists Bert Sakmann and Erwin
Neher in the 1970s at the Max Planck
Institute for Biophysical Chemistry in
Göttingen. In 1991, both of them received the Nobel Prize in Physiology or
Medicine for their work. Bert Sakmann
is the Founding Director at the Max
Planck Florida Institute.
The patch clamp technique is used
to investigate how synaptic contacts,
and consequently the efficiency of signal transmission, change. At the synapse, the electrical signal that moves
through the neurons is converted into
a chemical signal, since it must be sent
from the transmitter neuron to the recipient neuron. This process occurs by
means of neurotransmitters, which are
packed in membrane-bound sacs (vesicles). They must fuse with the cell
membrane before they reach the synaptic cleft between the transmitter and
the recipient. So-called SNARE proteins,
which Sam Young studied in greater detail in La Jolla, play a role in this pro-
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cess. He established that they evidently have a strong influence on signal
strength. Contrary to what was previously believed, this is not dependent on
the number of vesicles at the cell membrane. Young worked on the project for
four years and, in 2005, summarized
his findings in a paper published in the
prestigious scientific journal PNAS.

IN THE NOBEL PRIZE WINNER’S
LABORATORY
Sam Young’s stay in California was followed by a second postdoctoral position in Germany, where he also later
became an internal group leader – with
Erwin Neher at the Max Planck Institute for Biophysical Chemistry in Göttingen. Young had met Neher at a conference in the summer of 2004, where
Neher had suggested collaborating. In
reply, Young daringly asked: “How
about if I join your research group?”
Neher, who receives hundreds of requests every month, spontaneously answered “Great idea!” The Nobel Prize
winner remembers the conversation
well. “Sam Young had virology expertise, which we needed in the lab at that
time. His time in the lab of my earlier

mentor Charles Stevens also ensured
that he had an in-depth knowledge of
electrophysiology.”
However, a small problem soon
arose for Young. A few weeks after his
meeting with Erwin Neher, he met the
love of his life, Sidney, at a party. For
two months, he remained silent about
his impending departure. When he told
her about his plans, the new relationship threatened to fall apart. However,
after a few dramatic crisis meetings,
they agreed that she would not only go
with him, but that they would also get
married – which, however, took another three years.
In addition, Young had never been
to Germany before, or anywhere else in
Europe. “I wasn’t aware how far north
it is – at least compared to New Jersey,
where I grew up.” As much as the cooler climate surprised him, Young still
considers Göttingen, and Neher’s department in particular, to be the Shangri-la of science – that legendary paradise in the Himalayas where people
devote themselves entirely to a spiritual existence.
In Neher’s lab, Young began working, for the first time, with the synapse
that would be central to his work right

Photos: Max Planck Florida Institute (3)

Sam Young always has his work tools from a previous life at hand: a football on the shelf and a pair of cleats under the desk.
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The opportunities the Max Planck Society offers, and the ideals for which
it stands, were very attractive.

up to the present day: the calyx of Held,
a huge synapse in the auditory brainstem of rats and mice, which can measure up to 0.02 mm in diameter. Once
again, the researcher was entering uncharted territory. He had to create new
technology and develop special recombinant adenoviruses. At the same time,
he developed a surgical method that allowed him to specifically inject the recombinant viruses into the calyx of
Held in the auditory brainstem of newborn rats. This meant that he could use
the viruses as transport vehicles to insert new genes into the nerve cells and
thus manipulate molecular processes at
the synapse and obtain information
about how they worked.

LAST-MINUTE SUCCESS
For the first two years, not one of his
experiments worked. Then, in 2007, at
lunch with Erwin Neher one day, Young
revealed that, if the next experiment
did not work, the entire project would
be a failure. Meanwhile, his wife was
five months pregnant. As a responsible
family man, Young was anxious to
achieve success, which would also secure his future career. Everything depended on whether the foreign genes
that he inserted into the calyx synapse
by means of viruses would be activated
at a level that would disrupt the molecular processes there.
He wanted to conduct the crucial
experiment before his daughter was
born. But just as he was about to take
the first electrophysiological measurement, the micromanipulator broke. He
had to wait another few weeks before
announcing that he had successfully
manipulated the synaptic function.
The scientist discovered that Synaptotagmin, a protein localized in the cell

membrane, helps position synaptic vesicles at the active zone and co-facilitates their simultaneous release.
Before the paper was published,
Young once again had to think about
his future and had discussions with several universities in the US. “My home
and my family’s home are in the States,
so staying in Germany was not an option.” But he was not completely lost
to the country – an opportunity unexpectedly arose to apply for the position
to head a junior research group at the
newly founded Max Planck Florida Institute. “The opportunities that Max
Planck offers – without the pressure of
having to constantly write research applications or teach too much – and the
ideals for which Max Planck stands,
were very attractive,” says Sam Young.
“I was already very familiar with the
Max Planck ecosystem from Göttingen,
and the new institute gave me the opportunity to continue working within
the Max Planck family.”
Using the tools that he developed
himself, Young embarked on the task of
further unraveling the precision engineering of synaptic signal transduction.
His viral gene shuttles allow him to genetically manipulate neurons; his innovative surgical methods and the patch
clamp technique help him to take precise measurements. He wants to use
these methods and tools to examine a
number of other issues in greater detail:
how the vesicles and neurotransmitters
become functional, what role selected
proteins play in this process, and how
the pre-synaptic calcium channels are
arranged at the active zone. “We have
to perform both quantitative measurements and molecular manipulations, as
this is the only way we can develop accurate models of how synapses function,” says the researcher.

He is also working with Florida Atlantic University to develop a graduate
program in neurosciences there, and
has already organized a neuroscience
symposium at which the graduate program was launched. “We can establish
something special here,” he says
cheerfully. This writer is convinced
that the program will be a success.
Sam Young has the determination to
make it one.

GLOSSARY
Adenoviruses
A group of viruses that can infect human
and animal cells. They find their way
into the cell interior in membranebound sacs. Adenoviruses don’t have a
viral envelope and are highly resistant.
Scientists often use them to insert genes
into somatic cells. In humans, naturally
occurring adenoviruses can cause
infections such as respiratory or gastrointestinal infections.
Ion channels
Channel-shaped proteins in the cell
membranes through which electrically
charged particles such as sodium,
calcium or chloride ions can flow in or
out. Various triggers can change the
physical structure of the protein, with
the result that the channel becomes
permeable or blocked. These include
electrical and mechanical stress, binding
partners and light. Ion channels are
crucial in determining the electrical
properties of a cell.
Viral gene therapy
Viral gene therapy is used to cure
genetic diseases. The viruses are used as
vehicles to insert a functioning version
of the defective gene in certain cells.
The genetically modified viruses can
infect cells but cannot multiply further.
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Spies in the Service
of Security
From e-mailing to online banking, the things we do on our computers on
a daily basis are fraught with risks. Dealing with these kinds of security
Photo: MPI of Computer Science – Hardy Müller

vulnerabilities is the domain of Michael Backes, a fellow at the Max
Planck Institute for Software Systems in Saarbrücken. The methods
he and his team employ are surprising, to say the least.
TEXT TIM SCHRÖDER

MATERIALS & TECHNOLOGY_Computer Science

Greetings from James Bond: Michael Backes and his team employ unconventional methods
to get to the bottom of perceived security vulnerabilities in our electronically shaped world.
The computer scientists’ projects include reconstructing the content of printed texts from
recordings of printer noise, and using a telescope to decipher the computer monitor content
reflected in, for instance, a glass teapot (pp. 74/75).

F

or the ordinary mortals among
us, trying to comprehend what
Michael Backes does at work
every day is way beyond our
capacity. Backes, by contrast,
understands even the deepest depths
of the mathematics behind it, the convoluted paths that lead through a
world of abstracts. Backes is a computer scientist. He is 33 years old and, at
the age of 26, was Germany’s youngest professor. He tinkers with mathematical proofs, logical consequences
and complicated if-then rules where
an assumption holds true if X is an element of a certain subset or if sigma
has the attribute H.
Michael Backes is professor of information security and cryptography at
Saarland University, as well as a fellow
at the Max Planck Institute for Software
Systems in Saarbrücken. He likes puzzling over things that most people consider secure. “When someone develops
a new encryption technique, I think
‘great,’ and then I try to break it.”
Backes roots around for security flaws
in the high-tech aspects of our everyday life, for data loopholes that no one
has yet noticed. And he tries to stop the
gaps with better security plugs.
One particular method has been on
Backes’ mind a lot in recent months: zero-knowledge proof, a mathematical
proof method. It is one of those old
ideas that grab people’s interest but
then disappear into obscurity when it
turns out they’re completely impractical in everyday life. Backes has dragged
zero-knowledge proof back out of the
closet, dusted it off and used it to embark on a new chapter in Internet security. Zero-knowledge proof may be abstract, but it has what it takes to free Internet users from the burden of
passwords once and for all: sender and
recipient recognize each other without
the need for any cryptic combinations
of letters and numbers.
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Zero-knowledge proof is a paradoxical
thing. The name itself says it all: proving something without giving anything
away. How is that supposed to work?
Zero knowledge – really? Michael
Backes offers an example: Imagine a
treasure hunter who finds an ancient
shipwreck filled with a hoard of gold.
He then needs to find a financial backer who can raise the ship for him, but
he doesn’t want to give away the secret
of where the find is located. So he
brings a few coins or a piece of the
wreck with him as proof. “The analogy
doesn’t quite hit the mark,” admits
Backes. “If it was a real zero-knowledge
proof, the treasure hunter wouldn’t
even have to show the coins to prove
he knew the site of the find.”

TRUSTWORTHINESS –
A MATHEMATICAL MATTER
It’s a bit like that for all of us these days,
with the constant need to prove that
we are ourselves on the Internet – typing in passwords to access our bank accounts or entering credit card numbers
to do our online shopping. Quite a few
of us harbor silent fears that there may
be someone sitting out there somewhere, capturing the data and hacking
into our PIN numbers. Many people
consider the modern-day Internet to be
untrustworthy, as lawless as the streets
of Chicago during Prohibition.
There is a great desire for more security, and that is exactly what Backes’
zero-knowledge-proof ideas may be
able to offer. The method uses mathematical means to verify whether information is reliable. It is based on the requirement that the user possess a trustworthy data document that guarantees
authenticity – an electronic ID card, for
example, that provides reliable information about whether the user is over
18. The zero-knowledge proof then acts
as a sort of mathematical interface. It

tells the recipient that the sender’s
data, such as his or her age, is correct.
But it doesn’t reveal the date of birth.
From the mathematical codes, the recipient’s computer can then determine
whether the sender belongs to a group
of trustworthy people. Of course the recipient doesn’t get to know who the
sender is – the sender’s anonymity remains intact.
Anyone who wants to download a
horror movie from an online video service must prove they are over 18. To
do that, they have to specify their date
of birth or other personal data – just
the sort of information that is not particularly safe in the world of the Internet. The zero-knowledge-proof method, however, works without the date
of birth because all it does is prove, using mathematical rules, that the person is over 18.
As incredible as it may sound, it really does work. Zero-knowledge proof
was developed in the 1980s. And it
does indeed enable the verification
that a sender is trustworthy and that a
statement is true. However, the mathematical communication between
sender and recipient is complex and
much too slow for the lightning-fast
Internet. So it comes as no surprise
that the method fell into a deep and
extended sleep.
For some time now, there have
been ideas on how it might be possible to develop more practical solutions. Backes is building on these to
develop new and simplified Internet
protocols, little send and receive programs based on zero-knowledge proof.
For years, no one was able to verify,
within a reasonable timeframe, how
safe these offshoots of zero-knowledge
proof actually were. But Michael
Backes did it. He developed a software
that can calculate in seconds whether
a protocol is indeed watertight. This
paves the way for the good old zero-

Photo: MPI of Computer Science

knowledge-proof idea to make its way
into the Internet. What’s more, he and
his team developed a kind of mathematical black box to hold an Internet
user’s confidential details, such as data
from an ID card.
The box can provide selective answers depending on the type of query,
such as the age of the person concerned
– without, however, giving out the confidential data itself. Rather, it is the
memory that the zero-knowledge-proof
machinery accesses in order to prove
that the data is correct. In real life, if
you want to prove your true identity to
someone without revealing any confidential information, you go to a notary. The notary verifies the data on your
ID card and confirms to the interested
party that you are who you say you are.
In a safe Internet of the future, the zero-knowledge-proof method could do
the job of the notary. And no one
would ever have to remember a password again.
As a fellow of the Max Planck Society, Backes, together with his team, can
carry out his research freely. He works
at a high level of abstraction, and there
are people who openly call him a genius. But his work is by no means so
up-in-the-clouds as to be out of touch
with reality. It is practice oriented.
“That’s why I became an IT-security researcher,” he says. “I wanted to work
my way into a discipline in which people can still understand what I do.”

Backes completed his undergraduate
studies in just two semesters; one year
later he was already at the point of
choosing the subject for his thesis. He
opted for IT security, a subject about
which he is still enthusiastic today.
“When it comes to security, we always
make certain assumptions – about the
hacker who dials in through the data
line, for example. And then we construct a countermeasure to prevent it.
But where it gets really exciting is when
you push the assumptions to one side
and a whole new range of threats become conceivable,” says Backes.

THE PUPIL AS A BEARER
OF SECRETS
At least once a year, Backes allows himself the luxury of taking this thought
to extremes and investigating threats
that he normally has nothing to do
with, and that no one else has even noticed before. That’s how he came up
with the idea of photographing the images on computer monitors from a distance using a strong telescope and a
camera. This would have been nothing
to write home about if Backes and his
team had taken pictures of the computer screens directly. But monitors are
usually positioned with their backs to
the windows. That was something
Backes had noticed when walking to
the cafeteria, and whenever he glanced
into the offices of his fellow scientists.

Then the idea hit him: Surely it must
be possible to photograph the image
on a monitor as reflected in any mirrored surfaces in the office? The results
were impressive. Almost any shiny object in the room reflects the image
from the computer practically straight
out the window. The absolute top reflector was a glass teapot. On its curved
surface, the scientists from Saarbrücken could even read a mirror image of
text written in 12-point font from a
distance of ten meters – using equipment that cost all of 1,200 euros: a digital camera, two telescopes and a bit of
image analysis software. Eyeglasses and
even the pupil of the computer user’s
own eye are sufficiently reflective for
this purpose. Fellow scientists from the
institute and the university helped
Backes analyze the images.
“Hacking into the security systems
of government agencies, private companies or scientific labs is way too time
consuming these days,” says Backes.
So data thieves are becoming creative
and inventing new tools with which
to do their spying. And so is Backes.
“How do you steal confidential patient
information?” is a question he recently asked himself – and one that landed him the spying coup of 2009. “Not
necessarily by trying to tap into the
data line.” He and his team pondered
the question together in the office for
a while and came to the conclusion
that printer noise was the key.
>
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When doctors in Germany print their
patients’ prescriptions, they must use
dot-matrix printers. This is because, unlike inkjet printers, they can be used to
make carbon copies. The team in Saarbrücken wondered whether it would be
possible to work out which words were
being printed simply by listening to the
kind of printer noise that has been
pouring out of the dot-matrix printers
completely unfiltered for decades. First
the scientists tried to make out individual letters in the jumble of noise, but
they were all blurred in the din.
Then they changed tack and tried to
listen for whole words. They started by
printing out single words on a dot-matrix printer, recording the sound of each
one and using it to teach a sound-analyzing program. Following this, they
played the computer recordings of short
texts on a range of subjects – an article
from Wikipedia on computer technology, one on Barack Obama and one on
architecture. And believe it or not, the
computer recognized 65 to 70 percent
of the words correctly. That was enough
to understand what the text was about.
Then they decided to put it into
practice. Backes spoke to a medical practice in Saarbrücken, installed a miniature radio microphone under the printer, and sat down in the waiting room
with a laptop. Whenever the printer
made a sound, the laptop recorded the
acoustic stream. Despite the background noise, conversations at the desk
or talking on the phone, the sound-recognition software cleanly pulled words
and numbers out of the carpet of noise
– even recognizing abbreviations such
as “pills for sore thr.” without a hitch.
New ways of stealing data – that’s
what gets Backes’ pulse racing. He
wanted to know how great the threat
actually was, so he started taking a survey among doctors, and at banks, too,
as they also still print account statements and other documents with dotmatrix printers. “The results came as a
complete surprise to us: 60 percent of
all medical practices and 30 percent of
banks still use dot-matrix printers today, and not one of them has paid a bit
of attention to the acoustic emissions,”
says the computer scientist.
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Michael Backes thinks best when he’s
out walking. He gets more out of meeting friends at a café or bar than sitting
in front of his computer for hours. Perhaps that’s the secret to his success. After all, what he has accomplished and
the distinctions he has achieved are
things that take others decades to attain. In 2009, the science magazine
TECHNOLOGY REVIEW, published by the renowned Massachusetts Institute of
Technology, named him one of the
“TR35,” the world’s 35 best young scientists, the ones who are going to
change the world. No other German
has previously been given this honor.

INTIMATE DETAILS ON THE
INTERNET FOR ETERNITY
Admittedly, this success stems partly
from the fact that Backes works with
such a mass medium as the Internet. It
is a medium that concerns every last
one of us; we are all affected by its security, or lack thereof. Anyone who
puts his or her private data or intimate
details on the Internet must understand that the information will be perpetuated for all eternity and thus impossible to erase. The Internet can
easily turn into the modern equivalent
of being branded forever. But what
counts as intimate details? And what or
how much can I give away about myself and still retain my anonymity?
These are also among the things Backes
thinks about.
“It’s amazing how quickly you can
work out an Internet user’s personal
profile from tiny fragments, from fairly
harmless information,” says the scientist. There have long been software programs available that compare the concordance of various bits of information.
The method, known as matching, is a
way to compile pieces of data that fit a
common profile – of one and the same
person. If someone rates adult movies
anonymously in an Internet forum, you
might think that would be as far as it
went. But if they discuss some of the
movies non-anonymously in another –
public – forum, a matching program
can spot the similarities and assign
the anonymous data to that person.

“These matching tools are starting to
become powerful enough to plow
through the enormous quantities of
data on the Internet in a truly systematic manner,” says Michael Backes, “and
there is a danger that personal data may
start to be used and exploited to a much
greater degree.” That’s why he’s attempting to assess the loss of privacy.
“How anonymous am I after entering
certain information on the Internet?”
he ponders. Backes is developing programs, called protocols, that are capable
of correctly gauging the privacy loss.
After completing his computer science studies, Backes’ first job was at
IBM’s research lab in Rüschlikon, Switzerland, where he worked on security
systems. Then Saarland University
gave him a lifetime appointment as a
professor. That was more than six years
ago. Given the pace at which Backes
has been moving thus far, it should be
fascinating to see what’s next. And
who knows – he may already have a
fan club out there, waiting with bated
breath for the next espionage highlight of the year.

GLOSSARY
Cryptography
Even in ancient Egypt, cryptographic
methods were used to encode information. The word comes from the Greek
and means “secret writing.” These days,
cryptography is mostly concerned with
information security – in other words,
designing, defining and constructing
systems that can prevent unauthorized
reading and modification.
Matching
In cryptography, matching is the search
for concordance between various pieces
of information. A software program designed for matching can, for example,
detect similarities and match anonymous data to a certain person.
Zero-knowledge proof
A method in which two parties (the
prover and the verifier) communicate
with each other. The prover convinces
the verifier with a certain level of probability that the prover knows a secret,
without giving away any information
about the secret itself. The prover and
the verifier exchange mathematical
codes to achieve this.
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Climate Gives Corals an

Acid Bath
Life is more abundant here than anywhere else on the planet:
tropical coral reefs are the most biodiverse ecosystems in the world.
But they are under threat – from acidification of the water.
Scientists from the Max Planck Institute for Marine Microbiology
in Bremen, among them Martin Glas, recently spent time off the
coast of Papua New Guinea studying how rising carbon dioxide levels
and ensuing changes in ocean chemistry affect coral reefs.

TEXT LISA KLEINE

Photo: Katharina Fabricius, AIMS, Australia

T

hey may have felt a bit like
Robinson Crusoe: although
they were not alone – there
were, in fact, fourteen of
them – and they spent, not
28 years on a remote island, but
around ten days on a boat, the eight
scientists from the US, Germany and
Australia and their six-man crew were
fairly cut off from civilization on their
excursion off the southeast coast of
Papua New Guinea.
“The part of the peninsula we wanted to get to is not very accessible,” explains Martin Glas, doctoral student at
Bremen’s Max Planck Institute for Marine Microbiology. “There were no asphalt roads, hardly any people and no
electricity or running water. And before we started taking our measurements and sampling, we followed traditions and spoke with the village
elders of the native tribe to explain our
plans to them.”

Nevertheless, the scientists had good
reason to come to this remote place.
They were there to study the influence
of carbon dioxide on tropical coral reefs.
They know that anthropogenic carbon
dioxide emissions not only contribute
to the warming of the climate and to
changes in living conditions on land,
but also in the oceans. If there’s more
CO2 in the air, more CO2 will pass into
the water to maintain the solubility
equilibrium between air and water.

THE CO2 CONCENTRATION WILL
DOUBLE BY 2100
Climatologists from the Intergovernmental Panel on Climate Change (IPCC)
estimate that, if developments continue
unchecked, the carbon dioxide concentration in the Earth’s atmosphere will
have doubled by 2100, and the oceans
will then be taking up about one-third
of the additional carbon dioxide.
>

left: Gushing forth from the seafloor: Carbon dioxide from natural seeps before the coast of Papua
New Guinea leads to an acidification of the water, thus threatening biodiversity in the coral reefs.
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Milne Bay Province off the coast of Papua New Guinea is one of nature’s labs,
where scientists have the opportunity to
study the change caused by carbon dioxide in a natural underwater habitat –
coral reefs. Volcanic activity on the seabed results in an environment where
little bubbles of carbon dioxide rise from
three different sources. Papua New
Guinea is not the only place where vents
like these are found – there are also some
in the Mediterranean – but Milne Bay
Province holds the promise of inestimable advantages for the scientists.

NATURAL LAB PAINTS AN
IMAGE OF THE FUTURE
For one thing, the three vents in question are actually cold seeps. This means
the scientists can be sure that changes
in the coral reef really can be traced
back to the acidification of the water. If
they were warm seeps, the differences
that occurred there would not be explained solely by the fact that the con-
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centration of carbon dioxide was causing the pH value of the water to fall
– they would also be partly a result of
the rise in temperature.
“Also, many vents emit a mixture of
gases such as carbon dioxide, hydrogen
sulfide, methane and other chemical
substances. Sulfur compounds alone
can kill the coral in those cases,” says
Martin Glas. In Milne Bay Province, on
the other hand, two of the three vents
the scientists examined emitted pure
CO2 gas. Their samples were therefore
not distorted by the influence of other
chemical substances.
And finally, the vents are located in
a complex tropical coral reef ecosystem.
Located within the coral triangle – the
world’s hotspot for coral reef biodiversity – coral reefs here are home to more
species than anywhere else in the
world, including many calcifying organisms such as crabs, mussels, bivalves, coralline algae and corals. There
was a complete ecosystem for the scientists to study here.

The carbon dioxide gas from the seabed offers Martin Glas and his fellow
scientists the opportunity to analyze
how a tropical coral reef ecosystem has
adapted to higher concentrations of
carbon dioxide. Unlike lab experiments, the natural vents in Milne Bay
present a much clearer picture of what
happens within a highly interactive
ecosystem when higher carbon dioxide levels impact a coral reef over
many decades.

DECREASING PH LEVELS MEAN
LESS DIVERSITY OF CORAL REEFS
In the reefs off the south coast of Papua
New Guinea, the plants and animals in
the vicinity of the vents are already living in an environment they will face in
the future. That’s because some of the
carbon dioxide emitted from the vents
dissolves in the water, making it more
acidic – causing a fall in the natural pH
value of 8.1. The scientists registered a
pH gradient around the vents. The clos-

Photos: Macmillan Publishers Ltd: Nature, 2011(2); Katharina Fabricius, AIMS, Australia (from left to right)
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A coral reef in all its colorful splendour: Far away from the natural carbon dioxide seeps, the ecosystem has the highest biodiversity
in the world. Here, the pH levels of water are 8.1.
Heavy gushing from this opening in the ground: In this environment, only massive stone coral reefs survive at pH levels of 7.7.
Martin Glas, doctoral student at the Max Planck Institute in Bremen, is taking samples before the coast of Papua New Guinea.

er they got to the vents, the lower the
pH value was. As the pH value fell, so
too did the number of coral species, until they eventually reached a zone where
there were virtually no more corals
growing. Here, the pH value had sunk
below 7.7. And there was almost 40 percent less biodiversity.
“It’s not only the corals that were
suffering the effects of the higher carbon dioxide level – the prevalence of
other marine calcifiers, such as foraminifera and certain algae, also dropped
dramatically. These organisms play a
major role in maintaining the calcium
carbonate balance of the reef. They are
key species in a healthy reef system,”
says Glas.
The biological diversity is shifting.
Near the vents, the main species that
survive are the very resistant massive,

stony corals of the genus Porites. The
density of branched and encrusting
corals as well as soft corals and sponges has diminished by two-thirds. One
of the few organisms that has profited
from the increase in carbon dioxide is
sea grass. It is now three to four times
more prevalent.

“THERE WILL BE SOME WINNERS,
BUT A LOT OF LOSERS, TOO”
In the areas with high carbon dioxide
levels, the scientists found 50 to 80
percent less juvenile coral. An ecosystem can survive such losses in biodiversity, but it will experience greater
fluctuation than before. If only one or
a few types of coral are left, a coral reef
loses structural integrity and becomes
less resistant. “The reef thus becomes

more susceptible to natural phenomena, such as tropical cyclones,” says the
expedition leader, Katharina Fabricius,
from the Australian Institute of Marine
Science.
Ocean acidification is a chemical
process, and it is one that takes a relatively long time. Consequently, forecasts for the year 2100 are already very
accurate. Oceanographers do not anticipate a rise in the rate of CO2 emissions; in fact, they expect it to remain
fairly constant in the future. “If tropical coral reefs are subjected to the increased acid content in the ocean,
there will be some winners, but a lot
of losers, too,” says Fabricius.
The decline of the more complex
corals and the rise of simpler varieties
diminishes the habitat available to the
many tens of thousands of species that
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account for the diversity of today’s coral reefs. For many marine creatures,
coral reefs are not only their nursery,
the place they grow to adulthood; they
also provide the animals with protection, refuge and food. If coral reefs decline, fish stocks in the oceans will also
dwindle. All the more threatening an
outlook for mankind given that some
two-thirds of the world’s population is
heavily dependent on the oceans for
their food supply.

THERE IS NO REAL
SOLUTION YET
“Of course, the CO2 vents in the seabed are not an exact replica of how the
oceans will look in the future,” says
Martin Glas. Although the pH value is
changing at the places the scientists
are investigating, the availability of
nutrients, for example, is still influenced by the surrounding unaffected
ocean. If the ocean becomes more
acidic, the food available to plants and
animals will be different, which is why
the impact on the marine ecosystem
could be even more severe than the
scientists anticipate. “The way things
interact in a coral reef is very complex,” explains the scientist.
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The tropics have warmed up half a degree Celsius in the past 50 years. Even
this slight rise in temperature has led to
significant coral bleaching and a decrease in coral growth. The bandwidth
of carbon dioxide levels around the
Milne Bay seeps is comparable with the
figures forecast for the end of the century. It would be catastrophic if the pH
value sank below 7.8. “Our research
findings prove that we need to reduce
carbon dioxide emissions as quickly as
possible, otherwise we risk seeing a dramatic loss of coral reef,” warns Katharina Fabricius.
Many ideas have been proposed
about how to cut carbon dioxide, including CO2 storage or enhancing the
biological pump of the oceans. However, there is no real solution as yet. “All
of the approaches taken so far fail to
tackle the root of the problem – they
merely shift the problem elsewhere,”
says Martin Glas. Together with his fellow researchers, the Bremen-based scientist is currently testing the expedition results in lab experiments. What
he wants to find out is how organisms
behave in acidic water and why the
larger, unstructured coral species are
able to cope with it better than those
with small, delicate branches.

GLOSSARY
Biodiversity
refers to the biological diversity of life
on our planet. It stands for the diversity
of species, the genetic diversity within
different species and the diversity of
ecosystems.
Coral reef
There are two types of coral reefs: the
deep water reef and the tropical coral reef.
Tropical coral reefs consist of reef-forming
corals and survive only at temperatures
of 20 degrees Celsius or more. Since most
stony corals in tropical reefs are reliant on
sunshine, the reefs cannot be very far below the surface of the water. There are
about 600,000 square kilometers of reef
surface in the world today. Deep water
reefs are home to stony corals, which can
stand cooler temperatures and do not
need sunlight for their sustenance.
pH value
The abbreviation stands for potentia
hydrogenii (“potential of hydrogen”) and
describes a measure of the concentration of hydrogen ions contained in a
solution – in other words, a measure of
its acidity or alkalinity. The pH value is
the negative 10-base log of the hydrogen
ion concentration. Water, for example,
has a pH value of between 6.0 and 8.5.
Biological pump
is the sum of all biological processes
that transport carbon (deriving from the
atmosphere) from the surface ocean –
the euphotic zone – to the deeper layers.
It is a constant biogeochemical process
that maintains a carbon balance between the atmosphere, the ocean and
deep sea sediments.

Photo: Katharina Fabricius, AIMS, Australia

The international research crew: Nancy Muehllehner, Katharina Fabricius, Remy Okazaki
and Martin Glas (from left to right). Next to them, local natives.

Call for Nominations
Max Planck Research Award 2012
The International Research Award of
the Alexander von Humboldt Foundation and the Max Planck Society
The Alexander von Humboldt Foundation and the Max Planck Society jointly confer the
Max Planck Research Award, which is funded by the German Federal Ministry for Education and Research, on exceptionally highly-qualiﬁed German and foreign scientists. The
awardees are expected to have already achieved international recognition and to continue to produce outstanding academic results in international collaboration – not least
with the assistance of this award.
Every year, two research awards are conferred on internationally renowned scientiﬁc researchers. One of the awards should be given to a researcher working in Germany and
the other to a researcher working abroad. As a rule, each Max Planck Research Award is
endowed with 750,000 Euros. Nominations of qualiﬁed female scientiﬁc researchers are
especially welcome.
On an annually-alternating basis, the call for nominations addresses areas within the natural
and engineering sciences, the life sciences, and the human and social sciences.
The Max Planck Research Award 2012 will be awarded in the area of human and social
sciences on the subject of

Regulations of International Financial Markets
The collapse of the private and public ﬁnancial markets dating from 2007 is one of the most
visible challenges that science and politics are facing worldwide. The wealth of empirical
data and heterogeneous framework regulations that are available provide an occasion for a
fundamental contemplation of the establishment of a global ﬁnancial structure. In this important phase of international ﬁnancial policy, it is essential to support scientiﬁc collaboration between national and international economies in this area and to develop sustainable
overall solutions.
The heads of German universities or research organisations and the scientiﬁc heads of institutes of these organisations are eligible to nominate candidates. Nominations must be submitted to the Alexander von Humboldt Foundation or to the Administrative Headquarters of
the Max Planck Society. Applications by prospective candidates themselves are not possible.
The deadline for nominations is 15 December 2011.
Further information can be obtained from:
Alexander von Humboldt-Stiftung
Email: michaela.kreilos@avh.de
www.humboldt-foundation.de

Max-Planck-Gesellschaft
Email: maxplanck-fp@gv.mpg.de
www.mpfp.mpg.de
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Field Studies
in the Family Album
How strong are the ties that bind families in Europe? To answer this question, around 30 scientists
set out on field studies in eight European countries. The coordinator of this large-scale project
was Patrick Heady of the Max Planck Institute for Social Anthropology in Halle.
TEXT BIRGIT FENZEL

T

he study is entitled Kinship
and Social Security (KASS).
“When and why can one
expect relatives to offer one
another support and practical assistance?” asks Patrick Heady,
describing the goals of the project that
was financed with a grant from the
European Union’s 6th Research Framework Programme. As an anthropologist and experienced statistician, he is
now in a position not only to present
the largest ethnographic study yet
conducted on this issue, the results of
which are compiled in three volumes,
but also to provide the political discussion surrounding the future of the
welfare state with long-overdue factual support.
After eight months of field work in
a suburb of Berlin and a rural community in Brandenburg, anthropologist
Tatjana Thelen of the Max Planck Institute in Halle has come to the sober
conclusion that “the ideal of the extended family as a synonym for perfect
harmony in which grandparents, parents and children live happily togeth-
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er and mutually support one another
is a persistent myth.” Together with
colleagues Astrid Baerwolf and Tilo
Grätz, she has been looking closely at
people’s social networks.

STRONG SENSE OF WILLINGNESS
TO HELP FAMILY MEMBERS
Marzahn-Hellersdorf and Glindow were
among the 19 localities in various parts
of Sweden, France, Poland, Austria,
Germany, Italy, Croatia and Russia selected by Heady and his colleagues to
represent Europe’s cultural, historic and
social landscape. In addition to the 30
scientists working the field, a further 20
KASS staff members were employed in
data analysis, historical research and
theoretical work.
The good news: People within a
given social environment – and especially within their own family – still
display a marked willingness to help
one another. But in the opinion of the
researchers, that doesn’t mean that
all’s well. This solidarity, which is
grounded in European culture and tra-

ditions, is increasingly coming under
pressure as a result of demographic
changes and economic developments.
Not least among these factors is the
clear trend, reflected in the official national statistics in all eight countries,
toward a rising number of single-person households.
“While there may well be a variety
of causes, it is hard to deny that this
also means a decline in family solidarity,” says the KASS coordinator. As the
study clearly shows, family cohesion is
strongest where the proportion of close
relatives who live together is highest.
The KASS study began some eight
years ago. Anthropologist Patrick
Heady and historian Hannes Grandits
of Berlin’s Humboldt University were
discussing the idea of investigating the
kind of social security arrangements
that families offer their members. Given the debate about the cost and value
of the benefits provided by a modern
welfare state to protect those in fundmental need, it was clear to both of
them that this was a vital issue – and
not just from a scientific perspective.

Collage: designergold, based on original material from iStockphoto

Heady and Grandits, who at the time
was still working at the University of
Graz, had just a few weeks to submit an
application for EU Research Framework
Programme funding. At the same time,
they also set about trying to recruit colleagues at various international universities and institutions to join their project. “The idea was well received because,
by investigating kinship networks from
the perspective of practical assistance,
we were looking to discover something
new,” Heady recalls. With the green
light from Brussels, the teams started
work in May 2004.
Their findings are sufficient to fill
three large volumes, packed with the
results of detailed historical, demographic, sociological and ethnographic
studies. Viewed from a variety of perspectives, it becomes clear how economic changes and new forms of part-

nership, declining birth rates and an
aging society are altering both our image of the family and its role in providing social security. Studies documenting the changes in family policy since
the introduction of the welfare state
and alterations in demographic and
family structures in each of the eight selected countries provide a framework
for the project.
At its core, however, lie the field
studies in which researchers used ethnographic methods to closely examine
the family lives of a representative
sample of participants in each of the
chosen locations. In quantitative network interviews with standardized
questionnaires, they gathered comparison data ranging from the size of the
extended family, the geographic distance separating family members and
the frequency of personal contact and

support of all kinds. Observations of
daily life and details of other conversations rounded off the family image.

TOWN AND COUNTRY
DIFFER WIDELY
Each of the threads of this major project led back to the institute in Halle
where Heady and his colleagues fed the
masses of data from the 19 research locations into their computers. Having
selected at least one rural and one urban location in each country, they were
able to tell by direct comparison whether and to what extent the prevailing political, economic or social conditions
had affected the family lives of town
and country dwellers. The graphics that
depict the results offer a clear picture of
how families live and function in various regions of present-day Europe. >
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Comparing the data on the sizes of
family networks, the researchers were
struck by a major contrast: in terms of
both physical proximity and the exchange of goods, favors and money between relatives, the figures for Italy,
Croatia, Poland and Russia were far
higher than those for Sweden, Germany, Austria and France. “As a result, we
can distinguish between two macro-regions,” says Heady.
In fact, the KASS researchers found
the great differences between urban
and rural areas in the same country just
as striking. Among other findings, they
established that rural families everywhere are larger than in towns and cities. It was also clear that children in the
country frequently prefer to stay close
to their parents. The same applies to
the rest of the extended family, who in
turn also tend to live in closer proximity in the country than in towns. “In
rural areas, 14 percent of family members who are not part of an immediate
household live less than a kilometer
away,” Patrick Heady explains. In
towns, the figure is just about 8 percent. Extending the distance to ten kilometers revealed a proportion of 46
percent in the country, compared with
31 percent in town.
This distribution also corresponds
with the number of households in
which children, parents and grandparents all live under one roof. In the localities with the highest numbers of
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three-generation households, most relatives lived within a radius of ten kilometers. The highest figures were recorded where families were engaged in
farming and agricultural businesses. In
these cases, the proportion of three-generation households came in at 34 percent, compared with 6 percent among
non-agricultural workers.

SOLIDARITY INCREASES
WITH PROXIMITY
By international comparison, Croatia
and Poland had the most three-generation households. Even in urban areas,
their figures were higher than in rural
parts of Sweden or Germany. The urban
figures for France, Germany, Austria
and Sweden, with families in this category numbering around zero, make the
macro-regional difference even clearer.
Of course quantity does not always
equate with quality; but as far as the
measure of support that family members offer one another is concerned, the
equation is entirely valid. “Solidarity is
simpler when relatives live not far from
one another,” says the KASS coordinator. Incidentally, this applies equally to
both geographic and genealogical distances. “We know from our network interviews that the closer the connection
is, the greater the willingness is to provide support.”
The northwest-southeast gradient
that separates the macro-regions is also

evident in the distribution of patterns
of marriage. As a general trend, those
who live in rural areas prefer to marry
local partners, but even here there are
differences between the macro-regions. In Sweden, for example, it is not
common to choose a partner from the
same neighborhood, either in town or
in the country. In contrast, spatial endogamy is widespread in Southern and
Eastern Europe, especially in village
communities.
By marrying partners with ties to
the same “home area,” couples contribute to the continuity and consolidation of their local community – or
as a male resident of the Polish village
of Dziekanowice pointed out in a KASS
interview: “Strictly speaking, we’re
practically all one and the same family here.” In some respects, the man
was quite right, say Michał Buchowski
and Agata Stanisz, who researched
families in the Polish regions for KASS.
“Many of the kinship networks in this
village either overlapped or were directly interlinked.” Local patriotism in
the marriage stakes brings distinct
pragmatic benefits: when family and
friends are close at hand, help is not
far off in any situation.
Like many other relationships, family bonds are partly based on the principle of mutuality. Within the family,
however, favors are exchanged on a
somewhat more generous basis. Summarizing the quantitative results of the

Graphic: designergold, based on original material from Campus Verlag

The contrast is striking: Far more relatives help each other in rural areas than in the city. Italy and Poland lead the field
with an average of more than two relatives intensively helping around the house in one way or another. In Italy and France,
family solidarity is strong even in small towns.
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network interviews, Patrick Heady explains: “Any imbalances are more likely to be tolerated between relatives
than in the case of strangers.”

Photos: Look (top), MPI for Social Anthropology – Tihana Rubic (bottom)

A BALANCE OF GIVE AND TAKE
Many of those interviewed expressed a
wish for a balance between giving and
taking. In fact, however, it was apparent that the willingness of the younger
generation to fulfill their part of the
bargain is not uniformly great. “Depending on context and culture, the
sense of balance may be expressed either as a need to compensate for support received, or as a desire on the part
of parents not to be a burden.”
Tatjana Thelen and her team conducting field studies in Glindow and
Marzahn were able to observe how
many people find themselves caught
between the ideal and reality. Those
who initially declined to be interviewed
on the grounds that “I have no family”
proved to be particularly informative.
When they finally agreed to participate,
it became evident that what many of
them meant was that they lived alone
or that all their relatives were deceased.
However, it also often emerged that
they found their relationships with relatives to be inadequate.
Tatjana Thelen recalls an elderly
woman who complained of a lack of
contact with her family and an absence
of attention. “I really don’t know why
I bothered bringing up five children,”
she told the researcher. In return for
bringing them up, she apparently expected a quid pro quo. And yet the
study shows that people of her generation attach particular value to their
independence. The elderly participants
emphasized again and again that if it

came to it, they did not expect to be
nursed by their children, nor by their
grandchildren.
The emphasis on independence is
characteristic not just of the locations
in Germany, Patrick Heady believes,
but also of all the countries of the
northwestern macro-region – even
though for many elderly people this attitude is accompanied by great sorrow.
However, this conflict was not experienced by the older generation in Italy

and Poland. “The pressure there falls far
more on their adult children.” Once
again, this is far more pronounced in
rural areas.
The image of rural locations in Poland painted for KASS by Michał Buchowski and Agata Stanisz is typical.
For many families there, the grandparents are firmly integrated into everyday life. They live either under the
same roof or close by, and the grandmother is virtually a national institu-

Many hands make light work: Cohesion
is markedly stronger in the country
than in the city – due not least to the
fact that relatives in rural areas live
closer to one another than in cities.
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tion due to the frequency with which
she acts as a surrogate kindergarten.
Their pensions, too, are valued as a second household income. To quote a
saying often heard in Dziekanowice:
“A pensioner in the house is better
than a cow.”
In return, the grandparents expect
their children to take care of them
should the need arise. This obligation
is backed up by considerable normative pressure. The price of neglect is social ostracism. This seems to work: not
a single inhabitant of Dziekanowice
lives in a nursing home. This could be

due to the fact that, for the majority,
such an alternative is too expensive.
More probable, however, is that respect, moral obligation and the strong
emotional ties between the generations play a decisive role.

GIFTS ACT AS SOCIAL GLUE
The research conducted in rural Italy by
Carlo Capello and Nevill Colclough reveals a similar picture. There, gifts of all
kinds, as well as financial and practical
support, act as the social glue that
bonds the generations. Reporting from
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Clear trend: In all of the countries studied in the KASS project, the number of single-person
households is rapidly rising. This, in turn, means a decline in family solidarity. Cohesion is
strongest wherever a maximum number of close relatives live together.
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Tramonti, a small community in the
province of Salerno, the researchers
note that “the social obligation to help
their children to aspire to a home of
their own is closely associated with the
accepted norm that the children will
take care of their parents.”
As in the case of child rearing, it is
predominantly the female members
who are ultimately left to fulfill this
duty. From this perspective, family life
in rural Italy seems much the same
now as it was a century ago, especially with regard to the division of roles
between the sexes. However, it has
long since ceased to be the case that
countries with strong family ties have
high birth rates. On the contrary:
these countries now have the lowest
rates of all.
The scientists believe that this can
be only partially explained by changing economic conditions. The cost of
raising children and helping them on
their way to a secure future is a consideration that causes many Tramontesi
to limit their number of children. The
high value accorded to children both
by families and by society encourages
the present generation to have fewer
offspring in order to be able to provide
them with the optimum attention and
material support.
Yet this behavior is by no means as
altruistic as it may at first appear. “The
ability to give children a good start in
life, assuring them of better career opportunities and higher spending pow-

Graphics: designergold, based on original material from Campus Verlag (2)

Marriage patterns vary: People in rural communities prefer to marry local partners. This spatial endogamy is widespread
in southern and eastern parts of Europe. The figures indicate the ratio of couples where both partners were born a maximum
of ten kilometers from their present home.

CULTURE & SOCIETY_Ethnological Research

er, also means that the parents, too,
enjoy greater prestige,” the researchers
discovered. While it may appear rational at an individual level, this strategy
has fatal consequences for society. Falling birth rates have long been a problem facing social policy makers, not
just in Italy. If things don’t change in
the foreseeable future, as the high
birth rate cohorts grow ever older and
the resulting burden falls upon a decreasing number of shoulders, the contract between the generations is likely
to come under pressure.
Developments in the countries of
the northwestern macro-region would
appear to indicate that political measures to protect families with children

against poverty and encourage a balance between careers and family life
are having a positive effect on birth
rate statistics. However, Heady questions whether such family policy instruments would work in the same way
in Italy, Croatia and the other countries in their group. “The effect might
be to undermine the existing systems
of family solidarity.” It is this concern
that has so far deterred governments
in these countries from extending
their support for families.
Nevertheless, the KASS researchers
are not content with simply presenting an inventory of data. In their third
volume, edited by Patrick Heady together with family sociologist Martin
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Kohli, Professor at the European University Institute in Florence, they couple the political implications of their
findings with some suggestions. One
of these relates directly to the universal preference for reciprocity in interpersonal relations. The idea is to improve the financial support for the
grandparents’ generation. This would
not only add to the material independence enjoyed by elderly people, it
would also enable them to strengthen
their relationships with their children
and grandchildren by providing generous gifts. Gifts, after all, are the
bricks and mortar of friendship. As the
study shows, this is equally true of
family relationships.
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Particle Billiards,
Captured on Film
One of the strongest arguments for the quantum nature of light was provided in the mid-1920s
by Walther Bothe, who was appointed Director of the Institute for Physics at the Kaiser Wilhelm/
Max Planck Institute for Medical Research in Heidelberg in 1933. Together with Hans Geiger,
he developed a method to accurately record the timing of particle processes. This coincidence
measurement is still a universal method in physics.

Waves or particles – or both? Many scientists had been racking
their brains over the nature of light when two physicists set
about researching the properties of scattered radiation in 1924.
Walther Bothe and Hans Geiger confirmed the quantum theory
using a sophisticated experiment – and at the same time discovered a universal method of researching particle processes. Bothe
entered the history books in 1954 when he won the Nobel Prize
for developing this coincidence method. Geiger had already died
by then, but his name lives on in the instruments used to measure radioactivity.
Walther Bothe was born on January 8, 1891 in Oranienburg, a
town north of Berlin. A talent for creating accurate measuring instruments clearly ran in the family – his father was a master
watchmaker. The young Bothe gravitated toward science, but
only after abandoning a banking apprenticeship. After studying
mathematics, physics and chemistry at the University of Berlin,
he applied to study for a doctorate with Max Planck, who was
known to be extremely discerning in his choice of students.
But fortune smiled on Bothe. “What topic did you have in
mind?” Planck wanted to know. Bothe mentioned a theoretical
topic relating to optics. “Yes, you could try that,” was the re-

sponse. Three months later, the diligent doctoral student presented his results. “But that’s not enough,” said Planck. Another
three months passed: “Good, now you can write it up.”
Following this training in independent scientific work, Walther Bothe joined the new laboratory for radioactivity at the Physikalisch-Technischen Reichsanstalt (Physical and Technical Institute) in Charlottenburg. Heading up the lab was Hans Geiger, who
had worked with Ernest Rutherford in England. Geiger had thus
learned his trade with one of the most eminent authorities on radioactivity. Walter Bothe considered his boss, who was roughly
eight years his senior, to be his scientific mentor. Together with
Geiger, he celebrated his first major research success in 1925.
The starting point for this success was the experiments conducted by American physicist Arthur Holly Compton, who had
bombarded crystals with hard X-rays. In doing so, he discovered
that when an X-ray collides with an electron in the atomic shell,
it transmits part of its energy to this electron before continuing
to travel as energy-depleted scattered light. During the collision,
a recoil electron is emitted that leaves the atomic shell at a precisely predetermined angle – similar to a billiard ball that bounces off the cushion and on the rebound takes a precisely determined direction.
Opinions differed about this Compton Effect. Albert Einstein
and Arthur Holly Compton believed that the number of light
quanta should match the number of recoil electrons exactly. Consequently, energy and momentum would have to be retained in
the system. Niels Bohr and his colleagues Hendrik A. Kramers and
John Slater saw it differently. In February 1924, they submitted to
the physics journal ZEITSCHRIFT FÜR PHYSIK a theory that stated that the number of scattered light quanta and recoil electrons
should be the same only in the matter, but not in the individual
atomic processes.
Bohr and his researchers wanted to use this hypothesis to
find a way out of the wave-particle dilemma. To this end, they
questioned the general validity of the law of conservation of energy, shaking the very foundations of physics. Wolfgang Pauli, an
avowed opponent of the theory, referred to the detailed hypotheses as the “Copenhagen putsch.”
They gave physics a universal method of researching particle
processes: Walther Bothe (left) and Hans Geiger.
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Bothe and Geiger also became involved
in the scientific dispute. Shortly after
Bohr and his colleagues published their
theory, the German scientists announced, in the same journal, an experiment designed to restore
order. To do this, they devised a sophisticated measuring instrument consisting of two opposing needle counters. An X-ray was
passed through the gap between these counters. While one of
the counters responded only to the light quanta, the other registered only the recoil electrons. The deflections of the “light counter” and the “electron counter” were recorded on silver bromide
film that moved past the counters at high speed. Fine strips on
the film allowed the scientists to precisely record the timing of
the particles as they collided.
According to the authors, if a quantum of light and a recoil
electron collided simultaneously and their joint impact could
be measured as a coincidence, then the particle nature of light
would be confirmed and the law of conservation of energy
proven also at the atomic level. If, in contrast, there were a delay in the response by the two counters, that would argue
against the particle nature of light and the strict validity of the
law of conservation of energy – thus giving credence to the agitators in Denmark.

Photo: Archives of the Max Planck Society
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Rhein-Neckar-Zeitung from January 8, 1991

Bothe was a strict boss and often a vocal critic – but his
staff knew that he was always willing to stand up for them.
In his spare time, he was an excellent piano player and
particularly enjoyed playing Bach. That brought him into
contact with prominent musicians in Heidelberg into
the 1950s. Many old Heidelberg residents still remember
his hospitality.«
The experiment proved to be laborious and time consuming. In
order to obtain statistically solid results, the two researchers had
to develop, dry and evaluate more than three kilometers of the
just 1.5-centimeter-wide film – in addition to all their other duties
at the institute. It was almost a year before the results were finally available. Bothe and Geiger showed that, with an accuracy
of one ten-thousandth of a second, the “light counter” and the
“electron counter” responded simultaneously.
The plausibility of the Copenhagen theory was thus refuted.
The experimenters meanwhile responded modestly: “One must
therefore reasonably well assume that the concept of the light
quantum possesses a higher degree of reality than admitted in
this theory,” was their conclusion regarding their results. In fact,
Walther Bothe and Hans Geiger had provided one of the strongest arguments for Einstein’s light quanta.
Compton considered the experiment to be “brilliantly performed.” And physicist Max von Laue later declared: “Physics was
saved from being led astray.” Wolfgang Pauli could not help mock-

Walther Bothe investigated the quantum
nature of light using sophisticated experiments. The photo shows a measuring
instrument in his laboratory in 1939.

ing the team. He recommended that the Copenhagen-based institute always “fly its flag at half mast on the anniversary of the
publication of the work of Bohr, Kramers and Slater.”
Later in 1925, Hans Geiger took up a position in Kiel in
northern Germany, where he worked with his Ph.D. student
Walther Müller to develop the Geiger-Müller tube. This “Geiger
counter” brought him worldwide fame. Walther Bothe succeeded him in the Physikalisch-Technische Reichsanstalt, and
in the years that followed, published even more experiments
in which he applied the coincidence method. Together with
physicist Werner Kohlhörster, he studied cosmic radiation,
which the Austrian physicist Victor Franz Hess had discovered
on August 7, 1912 during a balloon trip. The two researchers took
to the roof of the institute in Berlin and also embarked on a
voyage to the edge of the pack ice in Spitsbergen to obtain their
measurements.
They were able to prove that the mysterious radiation from
the universe was not, as had been previously assumed, shortwave gamma radiation, but instead a stream of charged particles. Bothe and Kohlhörster measured coincidences – even if
they placed a thick sheet of lead between the counters. They
concluded correctly that the radiation must have a huge energy
content of more than 1,000 million electron volts – a thousand
times more energy than was known in nuclear physics.
Bothe gave up his tenured professorship at Heidelberg University and, in 1934, took over as head of the physics sub-institute at the Kaiser Wilhelm Institute for Medical Research. There,
he worked mainly on problems relating to the controlled nuclear fission chain reaction and on setting up the first German cyclotron in Heidelberg – a project that was classified as essential
to the war effort. The Nazi era was an extremely disruptive period for the institute. The hopes of the German Army Ordnance
Office that Bothe’s research could be essential to the war effort
were dashed by the collapse of the Nazi regime.
In 1954, Walther Bothe – then Director of the Institute for
Physics at Heidelberg’s Max Planck Institute for Medical Research – received the Nobel Prize for Physics and specifically “for
the coincidence method and his discoveries made therewith.”
Had Hans Geiger still been alive at that time, the honor would
no doubt have been bestowed on the two of them. Walther
Bothe died on February 8, 1957.
Coincidence measurement is still indispensable today in researching the world of atoms and elementary particles. By exactly recording the timing of particle collisions, scientists can
determine their ranges, speeds and even trajectories. Now they
are making inroads in ranges of less than one billionth of a second. Bothe would surely be impressed by such temporal precision – as would his father, the watchmaker.
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A Fresh Breeze
Career-boosting networks: At the star-studded Lindau Nobel Laureate Meeting, junior researchers
meet prominent scientists from their field

Everyone attending the meeting considers it an honor. “It’s easy to meet
people and talk about research projects,” says Ariana Dimitrov. The 29-yearold French researcher is already in her
second year of a postdoctoral position
at the Max Planck Institute of Molecular Cell Biology and Genetics in Dresden. She enjoys when the Nobel laureates talk about how they deal with
setbacks: “Most of them speak about
their doubts.”
That personal matters are also discussed here sets Lindau apart from other scientific congresses. For instance,
Ada Yonath explains to young female
researchers how it is possible to have a
career in science and be a mother at the
same time. In the meantime, the Israeli scientist is even a proud grandmother. Harald zur Hausen, Nobel laureate
in Medicine in 2008, tells those attending that he doesn’t eat raw meat, “as it
increases the risk of developing cancer.”
The young scientists then debate
whether the related epidemiological
studies offer compelling evidence, or
whether they themselves will continue
to eat their steaks very rare.
When Oliver Smithies takes the
stage in the Inselhalle, it doesn’t matter how old he is.
The 2007 chemistry Nobel laureate
knows how to capture his young audience. “What’s
important is that
you like what you
do. If you don’t,
speak to your supervisors. If your
supervisor won’t
help you, find a
new one,” he calls
out
to
them.
Smithies’ first experiments were
Image of Lake Constance seen from Lindau’s harbor. Every year,
conducted with
Nobel Prize winners and gifted young scientists from the upcoming
starch powder in
generation come together in these scenic surroundings.
his mother’s kitch-
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en, which would eventually lead him
to develop gel electrophoresis. Today,
his analytical method helps in separating different types of molecules. The
scientist spent a lifetime tweaking
methods such as this one, keeping a
“toolmaker’s diary” of the details.

CHARISMATIC RESEARCHERS
AND A PALE BILL GATES
A fresh breeze comes up as the young
scientists relax, sitting by the lakeside
in the evening. A swan majestically
floats past in the water. A great crested
grebe is playing hide-and-seek between
the paddleboats and rowboats. Over a
glass of wine, the students talk about
difficulties at their universities or in
their labs. They discuss the pressure to
publish results, temporary positions,
and varying future prospects.
Italian and Spanish scientists often
take up work abroad. “We go where the
conditions are better. Many never return,” says one Italian scientist who
works in the US. One junior scientist
from Zambia, Sandra Chishimba, only
recently returned to her own country.
The young woman researched malaria
in the laboratory of Peter Agre, Nobel
laureate in 2003. Now she wants to use
her knowledge “for the benefit of the
people of my country.” She adds: “Networks that are established here are invaluable to our research.”
The charisma of these young people
makes even Bill Gates look pale by comparison. The founder of Microsoft was
invited to the opening ceremony, and
he was followed by a barrage of reporters and bodyguards. For his support
and funding of health projects in the
developing world, Bill Gates was appointed to the Honorary Senate by the
Lindau Nobel Laureate Meetings at
Lake Constance Foundation. Combating Aids, malaria and tuberculosis is a
priority for the Bill & Melinda Gates
Foundation, which promotes research
projects and health education, and as-
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Not a breath of air stirs Lake Constance. The sailboats bob gently up
and down in the water. With 37°C in
the shade, it’s perfect weather for a
swim. In the Inselhalle Congress Center, however, junior scientists brood
over the ribosome structure being explained by Ada Yonath, Nobel laureate
in Chemistry in 2009. There’s a young
woman from Indonesia wearing a sarong. A man from India is struggling
to stay awake; his eyes slowly close and
his body slumps forward before he
wakes with a start and sits upright
again. “I’m suffering from jet lag,” he
says, embarrassed. Other participants
are taking notes and documenting the
Nobel laureate’s PowerPoint slides
with their cell phone cameras.
This year, more than 560 handpicked and highly talented junior scientists from 80 countries are meeting
with 23 Nobel Prize winners in Lindau.
The program is crammed: six lectures
in the morning, interrupted only by a
short coffee break. The lunch break is
followed by student discussions with
the Nobel laureates in small groups by
the lakeside. The evenings offer international get-togethers and various academic dinners (“by invitation only”).
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sists financially in areas where large
pharmaceutical groups show little interest in developing new vaccines and
drugs. “I believe we have the opportunity to make a new future in which
global health is the cornerstone of global prosperity,” said the former Microsoft CEO.

Photo: Christian Flemming

A LONG-STANDING TRADITION
The meeting of young scientists and
Nobel laureates in Lindau to discuss a
specific theme – this year, global health
– has a long tradition. It was in the late
1940s that Lindau-based physicians
Franz-Karl Hein and Gustav Parade presented their idea to Count Lennart Bernadotte. Through his strong ties to the
Swedish royal family, the “Lord of
Mainau” was to attract Nobel Laureates
to a congress on the shores of Lake
Constance. Their aim was to help postwar Germany reconnect with the international research world.
In 1951, they finally succeeded in realizing the first Lindau Nobel Laureate
Meeting with laureates from the natural
sciences. This marked the beginning of
a tradition that has been upheld for
more than 60 years, and that continues
to be developed to this day. The meeting, under the patronage of Bernadotte’s
granddaughter Bettina, has since become established as a top-level gathering and a modern recruiting event. In
2004, a “spinoff” was created for the Nobel prizewinners in the economic sciences; they had their fourth meeting
this summer, in late August.
The air reverberates with the sounds
of Chinese, English, Spanish – a babel
of languages! During the short breaks,
the young scientists are twittering,
checking their Facebook or touching
base with friends and family back home
via Skype. On the website lindau-nobel.
org, anyone can watch the lectures,
which are also commented on and discussed live on blogs. A production team
including Sven-Eric Schelhorn from the

To pursue one’s own path away from
the mainstream – this is what Erwin Neher
encourages young scientists to do.

Max Planck Institute for Informatics
(see box) interviews the laureates and
junior scientists, and sums up their impressions in short, professionally cut
video clips.
The Nobel laureates appreciate the
lively atmosphere of the meeting, too.
“Young people are often less conventional in their ideas,” says Erwin Neher,
Nobel laureate in Medicine in 1991.
“They show a genuine interest in scientific problems and try to get to the bottom of them.” He is very keen to support the younger scientists in their
research. “I encourage them to go their
own ways and not just have scientific
advancement in mind,” Neher says,
adding that we can’t all work on the
major issues. “Often, it’s the new methods or small advances that turn out to
be the really great ones in retrospect.”

HOW CAN A CAREER
IN SCIENCE BE COMBINED
WITH RAISING A FAMILY?
Many young scientists brought their
families with them to Lindau. This
becomes especially clear during the
social events in the evening. Little
girls sit on their fathers’ laps; boys
chase ducks along the banks of the
lake. Sven-Eric Schelhorn, who works
at the Max Planck Institute for Informatics in Saarbrücken, wanted to
find out how these young couples
with children strike a balance between their research and family life.
For those interested in their answers, the interviews are available
on the Max Planck Society YouTube
channel, where the topic can also be
discussed with others.
www.youtube.com/
maxplancksociety

Barbara Abrell
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It’s All a Matter of Technique
Friends of little notes that are always
strewn about, who fight forgetfulness
with the help of those small yellow
stickers, might be a bit baffled by Boris
Konrad. The doctoral student at the Max
Planck Institute of Psychiatry holds the
world record in remembering names. He
is a German champion several times
over and has won the World Team
Championship in Memory Sports in Series repeatedly since 2005. Once the
26-year-old commits something to
memory, he simply doesn’t forget it. His
credo: “With the right technique and
enough practice, anyone can do it.”
On closer inspection, he doesn’t
look all that unusual: neatly trimmed
blond hair, rimless glasses, an alert gaze
– not at all a couch potato who spends
his time poring over columns of figures.
In fact, Boris Konrad travels quite a lot,
not least because of his hobby. When
he is not working away at his thesis at
the Munich-based MPI or preparing for
a competition, he gives lectures at con-

ferences about memory training, referees soccer games in the regional league,
or demonstrates his memory at media
events. In the German TV show “Wetten, dass...,” he astonished spectators
by remembering the orders of 50 guests,
each having had the choice of three
beverages and three dishes.
At the 19th World Team Championship in China in December 2010, the
Bochum-born world champion defended his title together with his group. The
event in Guangzhou was the greatest
memory sports tournament of all time;
130 participants from 22 countries had
travelled far to compete in ten memory sports disciplines. Germany was represented by a team of nine members
from the association MemoryXL, of
which Konrad is the president. The previous year, he had set not one, but two
new records during the German Memory Championships by memorizing
280 words and 195 names and faces in
15 minutes.

Football referee, doctoral student and multiple German champion in memory training:
Boris Konrad.
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Boris Konrad first encountered memory sports eight years ago. Shortly before
passing his final exams at school, the
then 18-year-old happened to see a
memory artist on TV who explained
how to memorize a lot in a very short
time. Remembering how his career began, Konrad says: “It caught my attention, because I thought it could come
in handy when cramming for exams.”
Researching the subject, he soon
learned about mnemonics (memory
technique). “I was amazed at how well
it worked, and I remember wondering
why no one teaches this at school,” he
says. The method uses mnemonic tricks
and associations to help the gray cells
remember more effectively. He himself
works hard to explain this ancient art
to a broad audience. In his lectures,
which he regularly presents at universities, student associations and companies, he is able to convince even the
greatest skeptics. “Actually, anyone can
remember 20 terms in the right order
after only 45 minutes of listening and
doing a few exercises.” His association
now offers seminars for teachers.
Mnemonics is based on figurative
associations. “Since the brain finds it
easier to remember images than abstract terms, you can improve your
memory greatly by converting names
into images,” Konrad says. In preparation for competitions, he compiles a
mental picture book with the most
common names. “For example, Thomas – to remember that name, I imagine
a tomato.” In international competitions, things get more complicated. “In
that case, I look up the most common
Chinese names in Wikipedia, to be able
to work faster in the tournament.” This
works for numbers, too. “If you imagine number 1 as a candle and number
2 as a swan, you can imagine 21 as a
swan with a candle on its back.” To
memorize longer sequences, however,
he prefers the loci technique, used by
rhetoricians and philosophers of ancient Greece and Rome. “In my head, I
follow a specific route. It can be, say, a
tour of my apartment. Along this route,
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Doctoral student at Max Planck institute holds world record in memory sports
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Covert Research Forbidden
Björn Stevens dictates web design days for his employees/
Oscar for the best pages
I have fixed storage places. In my
mind, I deposit the things that I
want to remember in these places.”
This is no mean feat given that, at
a world championship, up to a
thousand pictures need to be stored
for one route.
Boris Konrad is also keen to find
out what happens in the brain during these exercises on a scientific level. After obtaining his degree in
physics and informatics, he came to
the MPI of Psychiatry in Munich to
investigate the underlying processes
for his doctoral thesis. For over a
year, he has been working in the
Neuroimaging research group. He
instructs test persons to perform
memory exercises in the MRI and
compares what happens when they
tackle the exercises with and without mnemonics. “The difference is
very clear,” he says. “If words or
numbers are associated with images,
this activates additional areas of the
brain that are also connected to our
visual imagination and spatial navigation, but that are not normally
used for memorizing something by
heart,” Konrad explains. “If they are
activated during learning, the capacity to remember increases.”
Boris Konrad’s memory has sometimes even served him well on the
soccer field while refereeing games.
For instance, when players would
have him believe that the foul they
were just caught committing was
their first during a game. “Then I
simply remind them of the three
fouls that they seem to have forgotten about.” In such situations, however, he also uses a notepad. He also
has nothing against using yellow
Post-its – because if he doesn’t explicitly memorize things using a
method, the world champion in
memory is every bit as forgetful as
the rest of us.

INFO
Boris Konrad on the Internet:
www.boriskonrad.de and www.memoryxl.de

Project results can be seen on the website of the Max Planck Institute for Meteorology.
A particular highlight is the “cloud thicket” that can be found here:
http://www.mpimet.mpg.de/en/staff/verena-gruetzun/clouds.html

There was no posing on the red carpet,
nor any paparazzi, but the winners still
received their trophies. After two days
of hard work, the staff in the department “The Atmosphere in the Earth
System” at the Max Planck Institute for
Meteorology in Hamburg presented
their new web pages. A jury awarded
prizes for the best contributions.
It is a project that could set a trend
for the future. Scientists would normally much rather conduct research than
update their own web pages – so how to
get them to quickly revamp their online
image? Björn Stevens knows how important the institute’s public image is to
help communicate their results in climate research. That’s why the Director
brought his department together for two
“web days.” Attendance was mandatory.
All groups and employees updated
the content of their web pages and created new personal staff pages. Information
Officer Annette Kirk and PR Assistant
Christina Rieckers from the institute’s PR
and Media unit, together with graphics
designers and the IT manager, organized
and coordinated the two days. Not only
was the text on existing pages adapted,
but graphics were also redesigned and
appealing illustrations added.
The web days thus began with an
introduction to the concept underlying
the institute’s website, and a plenary
course in CMS. After that, all staff members were given two half-days to work
on their pages. The Director himself
visited all of the offices to make sure
that no one was covertly doing any re-

search. During this practical phase, a
graphics and IT helpdesk were available
to answer any questions. This ensured
that there were hardly any delays and
that the web administrators were able
to identify recurring difficulties. Group
rooms were used to coordinate the efforts of the different working groups.
“This concerted action was a very interesting experience – almost an experiment in group dynamics,” says Annette
Kirk. “Most of us not only learned a lot
about our website and made great progress in updating our web pages, but we
also developed great team spirit. And
last but not least, it was a lot of fun!”
The staging of the final meeting as
an Oscar awards ceremony contributed
to the joviality. After the group leaders
had presented the results in a plenary
session and the members of the jury had
nominated the best group and individual pages, it was time for the awards. The
winning contribution was the page
about the observatory in Barbados, with
its comprehensive information, numerous illustrations and changing photos in
the header. Louise Nuijens accepted the
prize on behalf of the group. Verena
Grützun was given an award for her both
informative and entertaining personal
staff page. Now the organizers hope that
the other two institute departments will
be inspired by their experiment.
Annette Kirk/ba

INFO
The results of the web days can be seen on the
institute’s website at www.mpimet.mpg.de.
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Striving for More Structure

and at the same time
support the governance
of the MPS. Explicitly
integrating the Legal Affairs and Planning departments was another
aim of the restructuring.
According to Kronthaler, the Administrative Headquarters provides the most immediate services to the
institutes in the areas of
institute support, human resources and research building. That is
why they now belong to
the same central department 1. The second cenLudwig Kronthaler, Secretary General of the Max Planck Society.
tral department deals
with internal and external influences on the
“I want the Administrative Headquar- MPS. This is clear, for example, in the
ters to know what they know.” That’s Finance, Legal Affairs and Structural
how Secretary General Ludwig Krontha- Development departments. “In these
ler sums up his reform of the Adminis- areas, the basic conditions that guide
trative Headquarters, effective from July our actions are also subject to exoge1. There are now nine departments, nous provisions,” explains the Secreoverseen by two central department tary General. To strengthen the emphaheads. The Auditing department is as- sis on problem solving at the Adminissigned directly to the Secretary General. trative Headquarters, Kronthaler is
“Together we are stronger” is the looking to promote teams and multiprincipal message of the restructuring, dimensional project structures. “We
according to Kronthaler, who aims to shouldn’t see ourselves as a linear orgaimprove networking and interaction be- nization, with processes operating up
tween the departments. “There are still and down a ladder; we have to intetoo many sequential procedures, and grate all levels at all times,” he says.
the internal focus is too great,” he con- “This is already working relatively well
cluded after taking up his position as ad- with appointment procedures.”
ministrative chief in October 2010. He
The administrative chief also wants
wants to establish more project- and to establish a comprehensive system of
teamwork going forward. “We need checks and balances in order to ensure
each other in order to better envisage that, wherever decisions with major
our goals and face challenges head on.” financial implications are made, all
Kronthaler wants the structural information has been provided in
changes to be viewed from three angles. bundled form, and objective internal
First, they are expected to improve the supervision has taken place that points
service to the institutes and scientists – out the financial consequences. He
in other words, the execution of dai- thus considers it particularly imporly operations. Second, they should tant to have the governance structure
strengthen the emphasis on problem of the Max Planck Society examined
solving; and third, boost creative power by a Presidential Committee. Krontha-
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ler believes that he will need to systematically focus on auditing in order
to exploit the potential for strategic
development. In the interest of facilitating overarching developments, it
makes sense to establish a legal department that straddles the entire organization, which is why he will have to
accept that the different legal areas
will become more separated from the
respective operative business.
Another innovation is the staff unit
for implementation planning. “This
unit will compile, analyze and prepare
information from any area based on
planning criteria. We must be able to
provide information about a broad
range of aspects to support decision
making,” Kronthaler says. “I want the
right information to be available systematically, not haphazardly. I want
the Administrative Headquarters to
know what they know. Only then will
we be able to foresee all the implications of decisions about projects in the
multi-million euro range.”
It is the task of the heads of the two
central divisions, Rüdiger Willems and
Maximilian Prugger, to make sure that
everything goes smoothly with a minimum of detours and inefficiencies. “I
don’t see it as an additional hierarchical level, but as more of an integrating
level,” says Kronthaler, addressing any
potential misgivings. “Conflicts involving several departments will be solved
here. This allows me to take a step back
and spend more time on strategic considerations. Actually, I am more of a
strategic enabler than a supervisor of
the department heads.” Kronthaler says
that he serves as an interface for the
funding bodies. Whereas the President
is responsible for determining research
policy and handling scientific aspects,
it is his job to implement the decisions.
To do this, he needs to keep his finger
on the pulse of the institutes. “I want
to actually visit the institutes to understand the problems they are dealing
with, and then direct these problems to
the right instance or governing body.”

Photo: Axel Griesch

Secretary General Kronthaler reforms administrative structure/ Two central divisions with nine subunits
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Max Planck Innovation is responsible for
the technology transfer of the Max Planck
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transfer of basic research results into
products, which contribute to the economic
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