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Karlheinz Töchterle
Austrian Federal Minister
for Science and Research

A truly European success story

F

ive years after its launch, the ERC is still seen as
a unique pan-European initiative and a crucial
step towards the integration of curiosity-driven
research as one of the main goals of the Europ
ean research agenda. The ERC was designed for fostering
basic “frontier research”, it is open to all scientific disciplines with scientific excellence as the only criterion for
the selection of exceptional projects. The term “frontier
research“ as coined by the ERC rightly avoids the distinction between “basic“ and “applied research“, as they both
are important elements of a dynamic research and innovation system.
From the start, the ERC triggered a tough competition
across Europe, but also internationally. All the more, the
Austrian performance so far has evoked pride. In particular, universities as the main site for basic research are
very well represented in the successful Austrian “ERC cohorts“. I would like to congratulate all researchers who have succeeded in this top-level contest so far - it takes true
dedication to conduct scientific research at such a high
standard. Undeniably, the ERC influences the Austrian research and innovation landscape and complements efforts
made at national level to provide a stimulating environ-
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ment conducive to scientific breakthroughs. It is the responsibility of national research policies to ensure the
best possible conditions for excellent research. Based on
the Austrian RTI-Strategy, the Austrian government is fully
dedicated to providing an enabling framework for outstanding ideas.The comparatively high success rate of ERC
applicants in Austria so far has been in line with a well-established support structure at the national level: the Austrian Research Promotion Agency (FFG), as the ERC National Contact Point, provides information on ERC funding
opportunities and support to applicants. The highly visible
funding instruments of the Austrian Science Fund (FWF)
like the START Programme and the Wittgenstein Prize also have shown positive influence on the performance of
ERC awardees in Austria.
A good research system should provide (career) perspectives to all of those who are committed to pursue outstanding research, in particular with respect to researchers in
the early career stage. We must continue our joint efforts
to strengthen scientific excellence in Europe. It is important to maintain this momentum, particularly against the
background of the planned further fruitful development
and expansion of the ERC in Horizon 2020.
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Preface

Christoph Kratky
President of the Austrian
Science Fund

henrietta Egerth
Managing Director of the Austrian
Research Promotion Agency

Excellent support
for excellent research

Per aspera ad astra – towards
an internationally competitive
science base

W

W

ith 68 ERC Grantees to date and Austrian host
institutions ranking third amongst the EU-27
countries in terms of success rate, Austria
has performed remarkably well in the rigorous
ERC competition so far. This success belongs to the excellent
principle investigators awarded, and I am pleased to congratulate all ERC Grantees on their achievement. The strong Austrian performance also underlines the value in providing high
quality coaching to ERC applicants. I trust that this service by
FFG as the National Contact Point organisation for the EU Framework Programme (FP) will continue to optimize the chances of success also in the next FP, Horizon 2020, which may
see a marked rise in the ERC budget. To ensure a strong position in the increasing global competition for outstanding researchers, Austrian institutions will require a strategic approach, balancing diligent priority setting with “bottom-up”-developments. Both as National Contact Point organisation and
as the main funding agency for applied research in Austria,
FFG is a committed partner in this process, being highly aware of the essential role for curiosity-driven basic research in innovation. In this spirit, I thank our contracting authorities and
the Austrian Science Fund (FWF) for the excellent cooperation,
and I wish all ERC grantees successful research endeavours in
a motivating national and European r esearch environment.

ith the European Research Council reaching
its fifth birthday, it is a good moment to
take a look at the lessons learnt so far.
Clearly, the ERC with its Europe-wide competition has established itself as the accepted benchmark
for the research performance of European countries. From
the perspective of a national funding council, the lesson is
obvious: A strong national funding system is a necessary
prerequisite for developing an internationally competitive
science base. Not least, this is shown by the fact that those countries that are among the strongest players in basic
research in Europe are also the most successful ones in
the competition for ERC grants. The Austrian Science Fund
FWF takes pride in having played a vital role in establishing and fostering a science culture where the acquisition of competitive research grants is seen as a virtue. Researchers funded by the FWF are committed to strive for
excellence in their scientific work and we are proud that
we support Austria’s top researchers on their way to international success. Today, we should be happy with what
we have achieved, while taking the successes of the past
as a motivation for our future. I would like to congratulate
all ERC awardees and we are looking forward to future
top-class r esearch in Austria.
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The ERC‘s mission is to encourage the highest quality research
in Europe through competitive funding and to support investigator-initiated frontier research across all fields of research,
on the basis of scientific excellence.

T

he ERC complements other funding activities in
Europe such as those of the national research
funding agencies, and is a flagship component
of the “Ideas Programme” of the European
Union‘s Seventh Research Framework Programme (FP7).
Being “investigator-driven“, or “bottom-up“, in nature, the
ERC approach allows researchers to identify new opportunities and directions in any field of research, rather than
being led by priorities set by politicians. This approach ensures that funds are channelled into new and promising
areas of research with a greater degree of flexibility.
ERC grants are awarded through open competition to projects headed by starting and established researchers, irrespective of their origins, who are working or moving to
work in Europe - the sole criterion for selection is scientific excellence. The aim here is to recognise the best ideas,
and retain and confer status and visibility to the best
brains in Europe, while also attracting talent from abroad.
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However the ERC aims to do more than simply fund research. In the long term, it looks to substantially
strengthen and shape the European research system. This
is done through high quality peer review, the establishment of international benchmarks of success, and the provision of up-to-date information on who is succeeding and
why. The hope is that these processes will help universities and other research institutions gauge their performance and encourage them to develop better strategies
to establish themselves as more effective global players.
By challenging Europe‘s brightest minds, the ERC expects
that its grants will help to bring about new and unpredictable scientific and technological discoveries - the kind that
can form the basis of new industries, markets, and broader social innovations of the future. Ultimately, the ERC
aims to make the European research base more prepared
to respond to the needs of a knowledge-based society
and provide Europe with the capabilities in frontier research necessary to meet global challenges.

The erc grantEEs 2010 / 2011

The ERC

ERC in a nutshell
The ERC aims to:
• Support the best of the best scientific efforts in Europe
across all fields of science, scholarship and engineering
• Promote wholly investigator-driven, or “bottom-up”
frontier research
• Encourage the work of the established and next generation of independent top research leaders in Europe
• Reward innovative proposals by placing emphasis on
the quality of the idea rather than the research area
• Harness the diversity of European research talent and
channel funds into the most promising or distinguished
researchers
• Raise the status and visibility of European frontier research and the very best researchers of today and tomorrow
• Put excellence at the heart of European research

What is “frontier research”
and what are its benefits?
Today the distinction between “basic” and “applied” research has become blurred, due to the fact that emerging
areas of science and technology often cover substantial
elements of both. As a result, the term “frontier research”
was coined for ERC activities since they will be directed
towards fundamental advances at and beyond the “frontier” of knowledge.
The ERC aims to bring about a wide range of benefits:
• By creating open and direct competition for funding between the very best researchers in Europe, the ERC will
enhance aspirations and achievements. It will enable
the best ideas and talents to be recognised from a larger pool than exists at national level.
• The ERC‘s competitive funding will be able to channel
funds into the most promising new fields, with a degree
of agility not always possible in national funding
schemes.
• The ERC aims to stimulate research organisations to invest more in the support of promising new talents - the
next generation of research leaders in Europe.
• On the economic side, the ERC will help nurture science-based industry and create a greater impetus for
the establishment of research-based spin-offs.
• From a societal perspective, the ERC could provide a
mechanism for investing rapidly in research targeted at
new and emerging issues confronting society.
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Starting
Grants
Europe currently offers insufficient opportunities for young investigators to develop independent careers
and make the transition from working under a supervisor to being independent researchers in their own
right. This structural problem leads to a dramatic waste of research talent in Europe. It also limits or delays the emergence of the next-generation of research leaders, who bring new ideas and energy, and it
encourages highly talented researchers at an early stage of their career to seek advancement elsewhere.
ERC Starting Grants aim to support up-and-coming research leaders who are about to establish or consolidate
a proper research team and to start conducting independent research in Europe. The scheme targets promising researchers who have the proven potential of becoming independent research leaders. It will support the
creation of excellent new research teams and will strengthen others that have been recently created.

ERC Starting Grants in brief
• For researchers of any nationality with 2-12 years of experience since completion of Ph.D. (or equivalent degree) and scientific track record showing great promise
• An excellent research proposal
• Research must be conducted in a public or private research
organisation (known as a Host Institution/HI) located in
one of the EU Member State or Associated Countries
6 ERC Grantees 2010 / 2011

• Funding per grant: up to € 1.5 million
	(in some circumstances up to € 2 million)
• Duration: up to 5 years
• Evaluation criterion: scientific excellence
• Calls for proposals: published once a year in
summer with deadlines in autumn
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Ph.D. THESIS
Moscow Lomonosov State
University, Russia

Postdoctoral position
University of Geneva, Switzerland

Senior researcher
University of Geneva, Switzerland

The Swiss National Science
Foundation Professorship
University of Geneva, Switzerland

1995 – 1998

1998 – 2001

2001 – 2003

2003 – 2008
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ERC Starting Grant // 2010

Goulnara Arzhantseva
Analytic Properties of Infinite Groups:
Limits, Curvature and Randomness

T

he overall goal of this project is to develop new
concepts and techniques in geometric and
asymptotic group theory for a systematic study
of the analytic properties of discrete groups.
These are properties depending on the unitary representation theory of the group. The fundamental examples are
amenability, discovered by von Neumann in 1929, and property (T), introduced by Kazhdan in 1967.
My main objective is to establish the precise relations between groups recently appeared in K-theory and topology
such as C*-exact groups and groups coarsely embeddable
into a Hilbert space, versus those discovered in ergodic
theory and operator algebra, for example, sofic and hyperlinear groups. This is a first ever attempt to confront the
analytic behaviour of so different nature. I plan to work on
crucial open questions: Is every coarsely embeddable
group C*-exact? Is every group sofic? Is every hyperlinear
group sofic? My motivation is two-fold: - Many outsta

nding conjectures were recently solved for these groups,
e.g. the Novikov conjecture (1965) for coarsely embeddable groups by Yu in 2000 and the Gottschalk surjunctivity
conjecture (1973) for sofic groups by Gromov in 1999.
However, their group-theoretical structure remains mysterious. - In recent years, geometric group theory has undergone significant changes, mainly due to the growing
impact of this theory on other branches of mathematics.
However, the interplay between geometric, asymptotic,
and analytic group properties has not yet been fully understood.   The main innovative contribution of this proposal
lies in the interaction between 3 axes: (i) limits of groups,
in the space of marked groups or metric ultralimits; (ii)
analytic properties of groups with curvature, of lacunary
or relatively hyperbolic groups; (iii) random groups, in a topological or statistical meaning. As a result, I will describe
the above apparently unrelated classes of groups in a unified way and will detail their algebraic behaviour.

Goulnara Arzhantseva
Institute for Mathematical Physics,
University of Vienna

TEAM
Ph.D. Students
Dominik Gruber
Markus Steenbock
Postdoctoral Fellows
Liviu Paunescu
Luis Manuel Rivera Martinez
University Assistant
(Senior Postdoctoral Fellow):
Damian Osajda

Associate professor
University of Neuchâtel,
Switzerland

Professor
University of Vienna, Austria

Deputy director
Erwin Schrödinger International
Institute for Mathematical Physics,
University of Vienna, Austria

2008 – 2010

Since 2010

Since 2011

Project Administrator:
Michael Dorninger
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DiplomA Thesis under supervision of D. Bohmann at
the EMBL Heidelberg; title: “A Method to Study Protein-Protein
Interactions in Drosophila Using Tandem Affinity Chromatography and Mass Spectrometric Peptide Sequencing”

Ph.D. thesis under supervision of Stephen M. Cohen
at the EMBL Heidelberg; title: “MicroRNAs in Drosophila –
The bantam microRNA Regulates Growth and Computational
Identification of microRNA targets“

2000

2001 – 2004

ERC Starting Grant // 2010

Julius Brennecke
The piRNA Pathway in the Drosophila Germline –
A Small RNA-Based Genome Immune System

T

he discovery of RNA interference (RNAi) has revolutionized biology. As a technology it opened
up new experimental and therapeutic avenues.
As a biological phenomenon it entirely changed
our view on a diverse array of cellular processes. Among
those are the control of gene expression, the suppression
of viral replication, the formation of heterochromatin and
the protection of the genome against the deleterious influence of selfish genetic elements such as transposons.
In this proposal, I lay out my scientific vision for the next
five years that is aimed at understanding the mechanistics
and biological impact of a recently discovered RNAi path
way, the Piwi interacting RNA pathway (piRNA pathway).
The piRNA pathway is an evolutionarily conserved small
RNA silencing pathway acting in the animal germline. It is
the key genome surveillance system that suppresses the
activity of transposons. Recent work by others and myself
has provided a conceptual framework for this pathway:
According to this, the genome stores transposon sequences in defined heterochromatic loci called piRNA clusters.
These provide the RNA substrates for the biogenesis of
23-29 nt long piRNAs. An intricate amplification cycle
steers piRNA production predominantly to those cluster

regions that are complementary to transposons being active at a given time. Finally, piRNAs guide a protein complex centered on Piwi-proteins to complementary transposon RNAs in the cell, leading to their silencing. In stark
contrast to other RNAi pathways, the mechanistic framework of the piRNA pathway is largely unknown. Moreover,
the spectrum of biological processes impacted by it is only poorly understood. piRNAs are for example not only derived from transposon sequences but also from various
other genomic repeats that are enriched at telomeres and
in heterochromatin. Also, piRNA pathway mutants exhibit
various defects in gametogenesis ranging from stem cell
loss to severe DNA damage and failures during meiosis.
I propose to systematically dissect the piRNA pathway regarding its molecular architecture as well as its biological
functions in Drosophila. Our studies will be a unique combination of fly genetics, proteomics and genomics approaches. Throughout we aim at linking our results back to
the underlying biology of germline development. The ERC
funding would allow me to establish an internationally
competitive research team at the IMBA/IMP campus in
Vienna, one of Europe’s top research environments.

postdoctoral studies
with Stephen Cohen,
EMBL Heidelberg

postdoctoral studies with
Gregory Hannon at Cold Spring
Harbor Laboratories, USA

independent group leader
IMBA, Vienna, Austria

2005 – 2006

2006 – 2008

Since 2009

Julius Brennecke
Institute of Molecular Biotechnology,
Austrian Academy of Sciences

TEAM
Derya Dönertas (Ph.D. Student)
Dominik Handler (Ph.D. Student)
Daniel Jurczak (Computer Scientist)
Katharina Meixner (Technician)
Fabio Mohn (Postdoctoral Fellow)
Daniel Olivieri (Ph.D. Student)
Kirsten Senti (Postdoctoral Fellow)
Grzegorz Sienski (Ph.D. Student)

ERC Grantees 2010 / 2011 11

12 ERC Grantees 2010 / 2011

Master of Science in ecology from the University of Vienna, Faculty of Natural Sciences. Master
thesis: “Socioeconimic impact on the aboveground
standing crop and turnover of biomass“

Doctorate in ecology (Dr. rer. nat.)
from the University of Vienna, Faculty of
Natural Sciences. Doctoral thesis: "Methods
for calculating the ecological footprint of
nations in historic time series: Austria"

1999

2003

ERC Starting Grant // 2010

Karlheinz Erb
An Integrated Socioecological Approach to Land Use
Intensity: Analyzing and Mapping Biophysical Stocks/Flows
and Their Socioeconomic Drivers (LUISE)

L

and-use intensity is an essential aspect of the
human use of terrestrial ecosystems. In the
course of history, intensification of land use al
lowed to overcome Malthusian traps and supported population growth and improved diets. It can be
anticipated that intensification will become even more decisive in the future, in the light of a growing world population, surges in biofuel consumption, and the simultaneous
mandate to protect the world’s forests. Despite its importance, there is a lack of comprehensive, consistent, systematic, and spatially explicit metrics of land-use intensity.
In consequence, the causal understanding of the factors,
mechanisms, determinants and constraints underlying
land intensification is unsatisfactory. This is due to the
main-stream in land use research that predominantly operates with nominal scales, subdividing the Earth’s surface
into discrete land cover units. This hampers the analysis of
gradual changes, in particular those which are not related

to changes in land cover. Intensification leads exactly to
such changes. The overall goal of LUISE is the conceptualization and quantification of land use intensity and to contribute to an improved causal understanding of land intensification. By applying and significantly extending existing
methods of the material and energy flow analysis framework (MEFA), the full cycle of land intensification will be
studied: Socioeconomic inputs to ecosystems, structural
changes within ecosystems, changes in outputs of ecosys
tems to society, and the underlying socioeconomic con
straints, feedbacks, and thresholds, from top-down macro
perspectives as well as applying bottom-up approaches.
The anticipated new empirical results and insights can allow further conceptualizations and quantifications of land
modifications (land change without land cover change),
and improve the understanding of the dynamic and complex interplay of society and nature that shapes spatial
patterns as well as changes of land systems over time.

Karlheinz Erb
Institute of Social Ecology,
Alpen-Adria University Klagenfurt

TEAM
Postdoc level
Veronika Gaube
Christoph Plutzar
Christian Lauk
Thomas Kastner
Ph.D. Students
Maria Niedertscheider
Tamara Fetzel
Kristine-Elena Sallet

Project coordinator at the Potsdam
Institute for Climate Impact Research (PIK),
Germany (January to May 2008), Coordination of the Chapter "Scientific Rationale" for
the ESA-Earth Explorer Biomass Mission.

Habilitation Habilitation (venia docendi) in Social
Ecology at Klagenfurt University, Habilitation thesis:
"Land use at the interface of society and nature: Understanding patterns and dynamics of the integrated land
system across temporal and spatial scales."

Associate Professor for Land Use and Global
Change at the Alpen-Adria University, Institute for
Social Ecology, coordinator of the research domain
“Land Use Research“

2008

2008

Since 2009
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Studies of Physics
Università Federico II,
Naples, Italy

Ph.D.
in experimental physics and postdoc,
Università degli Studi di Firenze, Florence, Italy

1996 – 2000

2001 – 2006

ERC Starting Grant // 2010

Francesca Ferlaino
Ultracold Erbium: Exploring Exotic Quantum Gases

U

ltracold quantum gases have exceptional properties and offer an ideal test-bed to elucidate
intriguing phenomena of quantum physics. My
project proposes to use a new exotic element
to study strong dipolar effects in quantum gases. For its appealing properties, we choose erbium (Er), a rare-earth metal that has hardly been explored until now. This species is
strongly magnetic and comparatively heavy. Due to these
characteristics, we expect the quantum system to be of extreme dipolar character and to exhibit a large number of
magnetic Feshbach resonances, necessary to manipulate
the low-energy scattering properties. Moreover, this element has a very rich energy level spectrum, which could
open up the way to establish novel laser cooling schemes,
and it has numerous isotopes, one of them having a fermio-

nic character. Remarkably, none of the species so far used
in ultracold quantum gas experimimts offers such a unique
combination of properlies! By using Erbium, we will be in
an optimal position to produce a strongly dipolar atomic
gases of bosons and fermions with tunable contact interaction. First important goals of the ERBIUM project include:
Extensive study of Er scattering properties, realization of
the first Bose-Einstein condensates and degenerate Fermi
gases of erbium atoms, study of dipolar effects in atomic
system, production of strongly polar weakly-bound Er molecules and study their properlies in a two-dimensional trapping environment. We also have a long-term vision for the
ERBIUM project: we will mix heavy erbium atoms with
much lighter lithium atoms to produce atomic mixtures
with extreme mass imbalance.

Francesca Ferlaino
Institute for Experimental Physics,
University of Innsbruck

TEAM
Albert Frisch (Ph.D. Student)
Kiyotaka Aikawa (Postdoc)
Michael Mark (Postdoc)
Alexander Rietzler (Master‘s Student)
Simon Baier (Master‘s Student)
Michael Springer (Master´s Student)
Rudolf Grimm (Professor)

Lise Meitner Postdoctoral
Research Position
University of Innsbruck

Assistant Professor
at the Institute for Experimental
Physics, University of Innsbruck

Professor of Physics (Univ.-Prof.)
at the Institute for Experimental Physics,
University of Innsbruck

2007 – 2009

2010 – 2011

Since 2012
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studies of Civil Engineering
at the Vienna University of Technology

Ph.D. studies
at the Vienna University
of Technology (Ph.D.
with distinction 1999)

1990 – 1995

1995 – 1999
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ERC Starting Grant // 2010

Christian Hellmich
Multiscale Poro-Micromechanics of Bone Materials,
with links to Biology and Medicine

T

he Modern computational engineering science
allows for reliable design of the most breathtak
ing high-rise buildings, but it has hardly entered
the fracture risk assessment of biological structures like bones. Is it only an engineering scientists”
dream to decipher mathematically the origins and the evolution of the astonishingly varying mechanical properties
of hierarchical biological materials? Not quite: By means
of micromechanical theories, we could recently show in a
quantitative fashion how “universal“ elementary building
blocks (being independent of tissue type, species, age, or
anatomical location) govern the elasticity of bone materials across the entire vertebrate kingdom, from the supermolecular to the centimetre scale. Through the project,
we will go far beyond these breakthroughs in elasticity:
We will be among the very first to reveal the origin of
bone strength. Through first-of-their-kind, experimentally

validated multiscale poro-micromechanical theories, we
will aim at predicting tissue-specific inelasticity of bone
materials, from the “universal“ mechanical properties of
the nanoscaled elementary components (hydroxyapatite,
collagen, water), their tissue-specific dosages, and the
“universal“ organizational patterns they build up.
Moreover, we will extend cell population models of contemporary systems biology, towards biomineralization kinetics, in order to quantify evolutions of bone mass and
composition in living organisms. When using these evolutions as input for the aforementioned micromechanics
models, the latter will predict the mechanical implications
of biological processes. This will open unprecedented
avenues in bone disease therapies, including patient-specific bone fracture risk assessment relying on micromechanics-based Finite Element analyses.

Christian Hellmich
Institute for Mechanics of Materials
and Structures, Vienna University
of Technology

TEAM
Stefan Scheiner
Peter Henits
Claire Morin
Mehran Shahidi
Romane Blanchard

Postdoctoral Fellow
M.I.T., Cambridge, MA, USA

Associate Professor
for Strength of Materials and Biomechanics,
Vienna University of Technology

Full Professor
for Mechanics of Materials and Structures,
Vienna University of Technology

2000 – 2002

2004 – 2010

Since 2011
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PH.D. Summa cum laude
at the Free University of Berlin
in Prehistoric Archeology (Dr. phil.)
with Bernhard Hänsel

Travel grant
from the German
Archeological Institute

Advancement Award for the best
Ph.D. thesis in History and Cultural
Studies at the Free University of Berlin

Cooperation project
with Pavúk (Bratislava) on the
Archeology of Southeast Europe

2005

2005

2005

2006
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ERC Starting Grant // 2010

Barbara Horejs
Prehistoric Anatolia. From Sedentism to Proto-Urban
Societies in Western Anatolia

P

rehistoric archaeological research in western
Anatolia has been poorly pursued since the beginning of archaeological excavations in this area
more than one hundred years ago. Especially the
central coast between Pergamon and Ephesos represents
a terra incognita in most prehistoric periods of humankind.
Consequently, basic research in prehistory remains crucial
for enlarging our knowledge of central scientific ques
tions, such as the transfer of early complex technologies
(e.g. development of metallurgy), the dating of the initial
stages of the first permanent settlements and their development into proto-urban complex societies.
The project focuses mainly on two distinctive chronological and cultural horizons – the period of the first permanent settlements (sedentism) from Neolithic to Early Chalcolithic times, and the development of proto-urban centres from Late Chalcolithic to Early Bronze Age period.
Combining both huge research topics in one project would
enable a broad spectrum of cultural modelling, based
upon multidisciplinary diachronic and comparative studies
concerning changing societies in a changing environment
from the 7th to 3rd millennium BC. New excavations at Çukuriçi Höyük, archaeological and environmental surveys in
Kaikos and Kaistros valleys (micro-regions of Pergamon

and Ephesos) are the essential methods to produce modern documented data that are planned to be analysed
with a broad multidisciplinary and international team of
scientists and students. Besides archaeology, those disciplines are geophysics, paleogeography, metallurgy, inorganic chemistry, petrography/mineralogy, geology, zoology and genetics, botany, anthracology, organic chemistry,
physics and anthropology. To achieve an integrated picture
and to concentrate the broad spectrum of studies a focus
on the following three research topics is proposed:
• Archaeological Periods and Definitions of Cultures
• Societies in Changing Environments
• Communication, Exchange and Interregional Relationships
The applicant has already performed initial investigations
in these highly promising regions and could thereby successfully demonstrate a great gain in knowledge of basic
prehistoric research in this area. Her scientific results and
possibilities for working in both areas form the basis,
which presents the opportunity to realize a systematic
multidisciplinary perennial project that would study some
of the major cultural developments of humankind in prehistoric periods in western Anatolia.

Project head
at the Austrian
Archeological Institute, Vienna

ERC Starting Grant
FWF START Project
and employment at the Austrian
Archeological Institute, Vienna

Executive Board of the Junge Kurie
at the Austrian Academy of Sciences.
Associated partner in the ERC Marie Curie
ITN “BEAN project” (not started yet)

2007

2010

2011

Barbara Horejs
Austrian Archaeological Institute

TEAM
Max Bergner
Mario Börner
Christopher Britsch
Stefan Grasböck
Silvia Mattovà
Felix Ostmann
Martin Renger
Maria Röcklinger
Luis Schneider
Christoph Schwall
Johanna Traumüller
Danilo Wolf
Doris Würtenberger
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Ph.D. work at the Max Planck Institute
for Biophysical Chemistry, Göttingen;
Ph.D. conferred by the University of
Heidelberg in 2001.

University Assistant
at LMU Munich, Habilitation 2007

1997 – 2001

2001 – 2007

ERC Starting Grant // 2010

Thomas A. Klar
Active and Low Loss Nano Photonics (ActiveNP)

T

his project aims at designing novel hybrid nanophotonic devices comprising metallic nanostructures and active elements such as dye molecules or colloidal quantum dots.

Three core objectives shall be tackled:
(i) Metamaterials containing gain materials: Metamaterials
introduce magnetism to the optical frequency range and
hold promise to create entirely novel devices for light manipulation. Since present day metamaterials are extremely
absorptive, it is of utmost importance to fight losses. The
novel approach of this proposal is to incorporate fluorescing species into the nanoscale metallic metastructures in
order to compensate losses by stimulated emission.
(ii) The second objective exceeds the ansatz of compensating losses and will reach out for lasing action. Individual
metallic nanostructures such as pairs of nanoparticles will
form novel and unusual nanometre sized resonators for

laser action. State of the art microresonators still have a
volume of at least half of the wavelength cubed. Noble
metal nanoparticle resonators scale down this volume by
a factor of thousand allowing for truly nanoscale coherent
light sources.
(iii) A third objective concerns a substantial improvement
of nonlinear effects. This will be accomplished by photonic
interaction of nanoplasmonic devices surrounded by active gain materials.
An interdisciplinary team of PhD students and PostDocs
will be assembled, each scientist being uniquely qualified
to cover one of the expertise fields: Design, spectroscopy,
and simulation. The project’s outcome is twofold: A substantial expansion of fundamental understanding of nanophotonics and practical devices such as nanoscopic lasers
and low loss metamaterials.

Thomas A. Klar
Institute of Applied Physics,
Johannes Kepler University Linz

TEAM
Nikita Arnold
Boyang Ding
Martin Djiango
Johannes Ziegler

Research stays (3 months each) at
Purdue University and Indiana University
at the USA as a Feodor-Lynen stipend of
Alexander von Humbold Foundation.

Professor
for Experimental Physics at the
Ilmenau University of Technology

Professor and Head
of the Institute of Applied Physics at
the Johannes Kepler University Linz

2004 – 2007

2007 – 2010

Since 2010
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Diploma
in Geography at the Otto
Friedrich University Bamberg

First prize for young scientific scholars from
the German Foundation for World Population
and the German Association for Demography

1998

1998
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Marc Luy
The Male-Female Health-Mortality Paradox

F

rom the 1960s to the 1980s a common wisdom
about differences between males and females
in health and mortality emerged which was summarised by the well-known phrase “women are
sicker, but men die quicker”. Recently this wisdom has
been increasingly questioned. Nevertheless, the general
idea of a paradoxical relationship between health and mortality among women and men persists until today.
The purpose of this project is to decisively advance the
understanding of the paradox by demonstrating that the
reverse relationship between sex on the one side and
health and mortality on the other is not as paradoxical as it
seems. We hypothesise that two factors are mainly responsible for causing this intuitive contradic-tion. First, the
overall reversal in sex morbidity and sex mortality differentials occurs because conditions that figure importantly in
morbidity are not very important in mortality, and vice versa. Second, it is very likely that longevity is directly related
to the absolute number of life years in ill health. Thus,
women show higher morbidity rates not because they are
female but because they are the sex with higher life expectancy. The second aspect has not been connected
with the male-female health-mortality paradox so far and
combines this phenomenon with the ongoing “compression versus expansion of morbidity” debate.

We will test these hypotheses in a “natural experiment”
by analysing the relationship between health and mortality
among Catholic nuns and monks from Austria and Germany in comparison to women and men of the general population. Cloister studies have a long scientific tradition and
provided path-breaking knowledge for human medicine
and demography, including the applicant’s research during
the last decade. This project follows the line of this tradi
tion and will investigate the male-female health-mortality
paradox in a longitudinal setting that is as close as one can
get to an ideal long-term experiment in humans. Using demographic, epidemiologic and psychological methods, this
study will analyse and explain the differences in health and
mortality between (i) nuns and women of the general population, (ii) monks and men of the general population, and
(iii) nuns and monks in comparison to those found between women and men of the general population. Such an
analysis has never been done before and provides pioneering frontier research that will result in significant new insights for understanding the complex relationship between
health and mortality among women and men.

Marc Luy
Vienna Institute of Demography,
Austrian Academy of Sciences

TEAM
Paola Di Giulio
Christian Wegner-Siegmundt

Gunther Beyer Award
for the best paper in the field of population studies by a young
scholar at the 2003 European Population Conference in Warsaw
of the European Association for Population Studies (EAPS)

Dr. rer. pol.
in Demography at the
University of Rostock

Positive evaluation as Junior Professor
at the University of Rostock (equivalent to
traditional Habilitation)

2003

2004

2007
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Biology Degree (diploma)
Institute for Genetics,
University of Cologne

Ph.D. student at the Institute for Genetics,
University of Cologne, Germany. Title of
the dissertation: “Cell-Biology of Interferon
Inducible GTPases”

2000

2000 – 2004
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Sascha Martens
Molecular Mechanisms of Autophagosome Formation

D

uring autophagy initially small double mem
brane-bound structures expand and adopt cuplike shapes. These cup-shaped structures fuse
at their rims to give rise to autophagosomes
within which cytoplasmic material is enclosed. Subsequently autophagosomes fuse with endosomes and lysosomes
and the content and the inner membrane are degraded. Autophagy serves to recycle essential building blocks during
starvation, to degrade damaged organelles, to clear cells of
protein aggregates and to kill intracellular microorganisms.
Little is known about the mechanisms by which cells bend
and remodel membranes into autophagosomes.

We will investigate the impact of individual PI3K complex
subunits, the Atg8 and Atg12 conjugation systems and
Atg9 on membrane morphology in vitro. We will analyse
membrane shape changes and micro-domain formation
using artificial small and giant liposomes by electron and
light microscopy. We will introduce targeted mutations
that are designed to interfere with membrane shape
changes or micro-domain formation. Furthermore, where
necessary, we will solve the structure of individual sub
units or complexes by x-ray crystallography. We will further verify our in vitro findings in cell culture systems. Our
results will give important insights into autophagy and organelle formation in general.

Sascha Martens
Max F. Perutz Laboratories,
University of Vienna

The action of a complex containing type III PI3K activity is
essential for the initiation of autophagosome formation.
During expansion of the initial double membrane bound
structure the Atg8 and Atg12 conjugation systems play important roles. A further protein that is essential for autophagosome formation is the transmembrane protein Atg9.

TEAM
Justyna Sawa-Makarska (Postdoc)
Iosune Ibiricu (Postdoc)
Marta Walczak (Ph.D. Student)
Bettina Wurzer (Ph.D. Student)
Julia Romanov (Technician)
Romana Feitsch (Master‘s Student)

Postdoc at the Institute for Genetics
of the University of Cologne, Germany
in the laboratory of Jonathan C. Howard (FRS)

Postdoc and permanent Scientific Investigator
at the MRC Laboratory of Molecular Biology
in Cambridge, England in the laboratory of
Harvey T. McMahon (FRS)

Independent junior group leader
at the University of Vienna, Max F. Perutz
Laboratories, Vienna, Austria

2004 – 2005

2005 – 2009

Since 2009
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Ph.D. studies at the ETH Zurich, Switzerland
Thesis “Free energies from biomolecular simulation:
Force fields, methodology and applications”

Assistant Professor for Computational
Medicinal Chemistry and Toxicology, Vrije
Universiteit, Amsterdam, The Netherlands

2000 – 2004

2004 – 2009
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Bernard Christiaan Oostenbrink
Efficient and Accurate Simulation Techniques
for Free Energies, Enthalpies and Entropies

C

omputational, structure-based, drug design offers insight at an atomic resolution, which is
commonly not attainable by experimental
means. Detailed calculations on protein-ligand
interactions help to rationalize and predict experimental
findings. An accurate, yet efficient, calculation of binding
free energies is essential in this respect. In addition,
knowledge concerning the enthalpic and entropic contributions are highly relevant to determine novel drug design
strategies and to understand the underlying principles of
ligand binding.

tigate the enthalpic and entropic contributions to ligand
binding by utilising the enthalpy-entropy compensation
known from solvation experiments. This leads to the definition of a ligand-surroundings enthalpy and entropy, which
conveys more information than the experimentally accessible enthalpy and entropy of ligand binding. In support of
this research, we will develop new enhanced sampling
techniques which not only render the above calculations
practically feasible, but which will also find their application
in related research questions such as the protein folding
problem or the elucidation of protein-protein interactions.

Currently available methods to address ligand affinity either
do not include all relevant contributions to the binding free
energy, or are too computationally demanding to be applied straightforwardly. In addition, calculations on enthalpy and entropy for drug design purposes are very rare, due
to the difficulty in calculating these accurately. This proposal describes the research that leads the way to new, standard applications to be used in drug design processes in
academia and industry. Furthermore, we propose to inves

The methods described are highly relevant for the pharmaceutical industry, where currently available computational approaches are insufficient to answer the questions of
todays drug discovery programmes.

Bernard Christiaan
Oostenbrink
Institute for Molecular Modeling and
Simulation, University of Natural
Resources and Life Sciences, Vienna

TEAM

Two-month sabbaticals
at the University of California San
Francisco, USA; the University of
Uppsala, Sweden; Copenhagen
University, Denmark

Vienna Science Chair
for Molecular Modeling and
Simulation, University of
Natural Resources and Life
Sciences (BOKU), Vienna, Austria

Professor for Biomolecular
Modeling and Simulation,
University of Natural Resources
and Life Sciences (BOKU),
Vienna, Austria

2006, 2007, 2008

Since 2009

Since 2011

Urban Bren (Postdoc)
Wolfgang Buchta
(System administrator)
Stephanie de Beer (Ph.D. Student)
José Antonio Garate (Postdoc)
Melanie Grandits (Ph.D. Student)
Balder Lai (Ph.D. Student)
Gabor Nagy (Ph.D. Student)
Anita de Ruiter (Ph.D. Student)
Maria Reif (Postdoc)
Roland Solc (Postdoc)
Axel Sündermann (Ph.D. Student)
Sonja Wit (Secretary)
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Krzysztof Pietrzak
Provable Security for Physical Cryptography

U

ntil the middle of the last century, cryptography
was more of an art than a science. The design
ers of cryptosystems were guided only by their
experience and intuition. Not surprisingly, almost all proposed schemes turned out to be insecure. In
contrast, modern cryptography is based on provable security, where one defines a precise and meaningful mathematical model of what constitutes a secure cryptosystem, and
then proves that a scheme is secure in this model. Unfortunately, in the last decade it became evident that even modern security definitions do not capture real world adversaries. The reason is that an adversary attacking the physical
implementation of a cryptosystem (say a smart-card) can
measure physical information that is leaked from the smartcard during execution (e.g. the running time or the power
consumption), but standard security definitions do not capture such leakage. Attacks exploiting such physical leakage
are called ‘‘side-channel attacks‘‘, and they are a very real
threat. In fact, most current cryptanalytic attacks against
light weight cryptodevices like smart-cards or RFID chips
are side-channel attacks. Traditionally, research on sidechannel security is done by practitioners and is fundamentally different from the provable-security approach followed
by modern cryptography. The proposed countermeasures
are usually ad-hoc, protecting only against particular attacks
(as opposed to any resource bounded adversary), and
backed only by heuristic security arguments (as opposed to
proofs). Clearly, this situation is unsatisfactory from a practical and theoretical point: what is provable security good

for, if ultimately the security of a cryptosystem hinges on
some ad-hoc side-channel countermeasure? Despite this,
until recently the theory community did not give much attention to this problem as it was believed that side-channels are a practical problem, and theory can only be of limited use to prevent them. But recent results indicate that
this view was much too pessimistic. At FOCS‘08 (joint work
with Stefan Dziembowski) we put forward the notion of
leakage-resilience, which adapts the concept of provable
security to side-channel attacks: the physical implementation of a leakage-resilient cryptosystem is provably secure
against every side-channel attack, making only some weak
(and basically minimal) assumptions on the underlying hardware. We constructed some first leakage-resilient cryptographic primitives: stream-ciphers and digital signature
schemes. Subsequently, other models for provable security
against physical attacks have been proposed, and this subject has now become a quite active research area. The field
of provable security against physical attack is still in its
infancy, posing many exciting theoretical and practical questions. In this project we want to continue this line of
research, thus moving research on side-channel countermeasures from the realm of engineering and security
research to modern cryptography. We advocate that in the
long run, the only hope to construct secure implementations of complex cryptosystems that withstand physical
attacks is by means of a theory like leakage-resilience,
which allows to prove security against general side-channel
attacks.

Krzysztof Pietrzak
Institute of Science and Technology
Austria

TEAM
Stephan Krenn (Postdoc)

Ph.D.
in cryptography, ETH Zuerich

Postdoc
at ENS Paris

Postdoc
at CWI Amsterdam

Assistant Professor
at IST Austria

2001 – 2005

2006

2007 – 2011

Since 2011
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Florian Raible
HOR.MOON: Moonlight-dependent Hormones
Orchestrating Lunar Reproductive Periodicity and Regeneration

T

he moon governs reproductive cycles in a broad
range of marine animals, including cnidarians,
polychaetes, crustaceans, echinoderms and
fi shes. Even outside the animals, lunar reproductive cycles have been described, such as in brown algae or foraminifers. Despite their fundamental nature, and
decades of classical observations, close to nothing is
known about the molecular processes that underly these
lunar reproductive cycles.
We will take advantage of the recent advance in molecular resources and tools in the bristle worm Platynereis dumerilii, which has long served as a key model for classical
experimental studies on lunar periodicity. The combination
of modern techniques with well-founded classical observations will allow us to decipher, for the first time, the hormonal cues that are regulated by the lunar cycle and are
responsible for the orchestration of gonadal maturation
and trunk regeneration.

The project builds on established methodology, as well as
on the first results of a successful pioneer screen and has
three major aims:
(1)the functional investigation of two hormones we recently identified to be under lunar cycle control.
(2)the extension of our successful pioneer screen to understand to which extent other neurohormonal components change over the lunar phase.
(3) t he identification of the elusive inhibitory brain hormone that directly acts on the gonads to inhibit premature maturation.
Together, these experiments will lead us to first significant insights into the molecular nature of the hormonal
network that underlies moonlight-dependent periodicity
and regeneration.

Florian Raible
Max F. Perutz Laboratories,
University of Vienna

TEAM
Benjamin Backfisch (Ph.D. Student)
Stephanie Bannister (Postdoc)
Mingliu Du (Ph.D. Student)
Alessandra Polo (Ph.D. Student)
Roger Revilla i Domingo (Postdoc)
Sven Schenk (Postdoc)
Elisabeth Steinkellner
(Diploma/Master‘s Student)
Agne Valinciute (Technician)

Dr. rer. nat. in biology
MPI-CBG / University of
Technology, Dresden

Postdoctoral fellow
European Molecular Biology
Laboratory

Junior group leader
Max F. Perutz Laboratories,
University of Vienna

2003

2004 – 2008

2008
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Magister in Czech studies –
History (with distinction),
Charles University of Prague

Advisor to the President
of the Parliament of the Czech Republic

Ph.D. in History – Slavonic
Studies (summa cum laude),
University of Constance

1994

1995 – 1996

2003
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Pavlina Rychterova
Origins of the Vernacular Mode

T

he project focuses on the production of vernacular, i.e. Czech and German and Church Slavonic
religious literature in Bohemia in 14th-15th century
in the context of Latin intellectual culture and pastoral care. The study departs from the hypothesis that the
introduction of the vernaculars into dominant theological
discourse in 14th-century central European society was the
achievement of European communicative networks of intellectual elites, who successively charged the vernaculars
with symbolical significance at the expense of the domi
nant Latin. The process of linguistic translation as a part of
cultural translation thus reached a new phase, characterized
by an increasing dynamic of vernacular religious discourse,
a changing role of the lay audience and a growing demand
for religious education in the native language. This dynamic
is an important element in the transformation of social identities in the late Middle Ages and into the early Modern
Age. The project looks at vernacular literatures as social categories that allow to reconstruct the complex process of
identity formation in individuals and in social groups. It thus

takes a genuinely historical approach which will be pursued
using methods of Slavic Studies, Studies of Literature and
Textual Studies. It offers a new approach to the emerging
research field about medieval vernacularities in two respects: It covers a region and a linguistic field that have so
far been ignored in this respect, in spite of their extraordinary heuristic potential; and it aims at pushing forward methodological reflection in order to explore the full range of
research questions for which vernacular texts can be used
as evidence. It purports to make a large body of sources accessible to the international scholarly community, and at
the same time, to rewrite some of the history of a key region of late medieval Central Europe.

Pavlina Rychterova
Institute for Medieval Research,
Austrian Academy of Sciences

The project is localized at two participating institutions: the
Institute for Medieval Research (IMR) of the Austrian Acade
my of Sciences and the Centre for Medieval Studies (CMS),
a research unit of the Philosophical Institute of the Academy of Sciences of Czech Republic.

TEAM
Postdoc Researchers
Pavlína Cermanová, Ph.D.
Lucie Doležalová, Ph.D.
Ph.D.Students
Jakub Sichálek
Václav Žůrek

Heinz Maier-Leibnitz PRIZE
for exceptional junior scientists of the DFG and
the Otto Wichterle Prize for junior scientists of
the Academy of Sciences of the Czech Republic.

Co-leader (together with Stefan Seit,
Raphaela Veit) of the Project "World-Disclosure of the Interplay of Symbolic and Universal
Rationality" (Wissenschaftliches Nachwuchskolleg of the Heidelberg Academy of Sciences)

Scholarship in the Austrian Program for Advanced
Research and Technology (Austrian Academy of Sciences), Project "Bohemian Hagiography in European
Comparison: Drafts of Cultural Identity from the 11th to
15th Century", Institute for Austrian Historical Research,
University of Vienna

2004

2003 – 2008

2008 – 2011
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Thorsten Schumm
Nuclear Atomic Clock (NAC)

A

tomic physics and nuclear physics are essen
tially separated research fields; the energies
required to excite electronic or nuclear transitions differ by many orders of magnitudes.
This reflects in completely different experimental methods
and tools used for their investigation, which for example
employ laser excitation on one side and particle accelerators on the other side. 229Thorium is the only (radio) isotope with the possibility to manipulate a nuclear transition
with a laser, bridging the gap between atomic and nuclear
physics. This is due to an unnaturally low-energy isomeric
nuclear state with a transition energy of 7.6 ± 0.5 eV (150
– 170 nm).

This project aims to find and characterize this low-energy
nuclear transition and make it usable for fundamental inves
tigations and applications. In particular we will build a nuclear atomic clock based on this transition. Due to a high quality factor (1015), an extremely high number of states to be interrogated (up to 1018) and significant shielding of the clock
transition against external fields by the electron shell, this
scheme has the potential to outperform existing atomic clock schemes by many orders of magnitudes. Furthermore it
promises a very robust, solid-state-based approach at room
temperature, which is well suited for industry applications
and amendable to mass production.

It has been shown that the low-energy nuclear transition
in 229Thorium is extremely sensitive to variations in fundamental constants, in particular the fine structure constant
(factor 105 in comparisons to electronic transitions). Currently, comparing atomic clocks over short time scales (order months) is used to constrain variations in the fine
structure constant. A similar measurement using a nuclear atomic clock will hence gain twofold; from the in
creased clock accuracy and the increased sensitivity; and
promises the most accurate constraint on a variation of
the fine structure constant.
The proposed research is highly interdisciplinary and will
be carried out at the Institute for Atomic and Subatomic
Physics in Vienna. It hosts Austria’s only (research) nuclear
reactor and radio chemistry group, with the legal authorization and infrastructure to handle the radioisotope
229
 Thorium. This extremely rare substance can be derived
in significant quantities from our in-house isotope stocks.
At the same time, the institute hosts a world-leading
quantum atom-optics group with in-house frequency standards and the expertise to build atomic clocks. A dedicated laser spectroscopy laboratory is currently set up within
the reactor radiation safety perimeter, providing a
specialized research environment unique in the world.

Thorsten Schumm
Institute of Atomic and Subatomic
Physics, Vienna University of
Technology

TEAM
Georg Winkler (present)
Matthias Schreitl (present)
Georgy Kazakov
Bianca Ullmann
Johannes Sterba
Georg Steinhauser

Diploma
in Physics at the University
of Innsbruck and University
of Heidelberg

Bi-national Ph.D. Thesis
(“Cotutelle de thèse“) Paris Sud
and University of Heidelberg

PostDoctoral fellow
University of Toronto

Assistant Professor
and Professor
at the Vienna University
of Technology

2000 – 2002

2003 – 2006

2006

Since 2006
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PH.D THESIS
University of Vienna

PostDoc
Stanford University

2000

2001 – 2004
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Gregor Weihs
Entanglement from Semiconductor Nanostructures (EnSeNa)

E

ntanglement is the characteristic trait of quantum physics. It has no counterpart in the classical world of our daily experience and it is not
completely understood by the experts either.
And yet we know that it plays a crucial role in the power of
quantum communication and quantum computing. Our
progress in dissecting entanglement and applying it as a
tool has been spurred by the development of increasingly
better sources. For a long time entanglement creation
was the sole domain of nonlinear optics, but recently we
have begun to generate entanglement from and in other
systems, atomic and solid state.
In this project, we will push the creation of entanglement
from semiconductor systems to the next level. We will
work towards efficient and controlled sources of entanglement that can be miniaturized and we will demonstrate
how these sources can be interfaced to other technologies. It is the dawn of a research area that could be called
quantum photonics – using photonics technologies to
achieve quantum effects.

The main question is whether semiconductor nanostructures can be designed and utilized in a way so that unwanted effects caused by imperfections can be suppressed in
order to bring forward the quantum signatures. For several specific systems, microcavity exciton-polaritons and
single semiconductor quantum dots, we will answer this
question and we are confident that the results will not disappoint us.
Successful completion of this project will lead to new
technology that will change how we think about doing
entanglement research and about how we can use entanglement. Quantum information processing technologies,
such as quantum key distribution that are on the verge of
being market ready, will get their final boost to enter our
daily lives.

Gregor Weihs
Institute for Experimental Physics,
University of Innsbruck

TEAM
Postdocs
Ana Predojevic
Zoltán Vörös
Ph.D. Students:
Tobias Huber
Harishankar Jayakumar
Patrick Mai

PostDoc
Tokyo University, Japan

Associate Professor AND
Canada Research Chair
University of Waterloo, Canada

professor
for Photonics,
University of Innsbruck

2003 – 2004

2005 – 2008

Since 2008

Masters Students:
Lukas Einkemmer
Daniel Föger
Stephanie Grabher
Thomas Kauten
Mathias Sassermann
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Laser Research Center
Vilnius University,
Vilnius, Lithuania

Faculty of Science
University of Tokyo,
Tokyo, Japan

1992 – 1995

2000 – 2002
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Andrius Baltuska
Cycle-Sculpted Strong Field Optics

A

ndrius Baltuska wants to develop a method to
customise ultra-short laser pulses and give
them the desired shape. To accomplish this,
light waves of different wavelengths must be
superimposed with precision that is in the range of one billionth of a billionth of a second.
Complicated Wave Shapes
We know how waves are superimposed from acoustics:
When different musical instruments play the same note,
they produce sound waves with the same fundamental wave
length. Nevertheless, they sound different. The reason for
this is that each music instrument also generates higher frequencies in addition to the fundamental tone. Hence, mul
tiple sound waves with different pitches are produced at the
same time, which are joined together into a combined wave
with a more complicated wave shape - and our brain per
ceives the different wave shapes as different tone qualities.
Unimaginably Short Time Scales
Something similar is to now be done with the light waves
of short laser pulses: “If light pulses of different wavelengths can be successfully superimposed under precise
control, then customised wave shapes can be generated,“
says Andrius Baltuska confidently. The time scale that is
being addressed here is unimaginably small: The length of
the light pulses is in the attosecond range. An attosecond
(10-18 seconds) is a billionth of a billionth of a second. Its

relationship to a second is like one second is to the age of
the universe. It is hardly possible to illustrate an attosec
ond using everyday terms. Even a supersonic aircraft
doesn‘t travel more than the diameter of a nucleus in one
attosecond. Nevertheless, many processes at the atomic
and molecular level transpire in such miniscule time scales
- and today, ultrashort laser pulses are an indispensable
tool for researching them.
Customising Wave Pulses
The field of attosecond research has developed rapidly in
the past few years. Today, various research groups around
the world are able to work with such extremely short laser
pulses. “Customising laser pulses and specifically shaping
them is now the next logical step,“ in the opinion of Andrius
Baltuska. “With our equipment and the know-how that we
have built up in our workgroup, we are in the outstanding
position of being able to be the first ones to break new
ground in this new field. A preliminary study at the Institute
for Photonics has already shown that in principle, custom
ised shapes of light pulses ought to be possible. Through
the financial support of the ERC Grant, the ideas can now
be actually implemented. Electrons can be torn off atoms
with short laser pulses. The electron can then return to the
atom, and the absorbed energy is reemitted in the form of
an even shorter laser pulse. “We want to decisively im
prove such processes by optimising the shape of the laser
pulse specifically for this,“ hopes Andrius Baltuska.

Andrius Baltuska
Photonics Institute,
Vienna University of Technology

Photonics Institute
Vienna Univ. of Technology
Vienna, Austria

Max Planck Institute
of Quantum Optics

Photonics Institute
Vienna Univ. of Technology
Vienna, Austria

2002 – 2004

2004 – 2005

Since 01.03.2006
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Krishnendu Chatterjee
Quantitative Graph Games:
Theory and Applications

T

he theory of games played on graphs provides
the mathematical foundations to study numerous
important problems in branches of mathematics,
economics, computer science, biology, and other
fields. One key application area in computer science is the
formal verification of reactive systems. The system is modeled as a graph, in which vertices of the graph represent
states of the system, edges represent transitions, and paths represent behavior of the system. The verification of
the system in an arbitrary environment is then studied as a
problem of game played on the graph, where the players
represent the different interacting agents. Traditionally, these games have been studied either with Boolean objectives, or single quantitative objectives. However, for the
problem of verification of systems that must behave correctly in resource-constrained environments (such as an
embedded system) both Boolean and quantitative objectives are necessary: the Boolean objective for correctness
specification and quantitative objective for resource-constraints. Thus we need to generalize the theory of graph
games such that the objectives can express combinations
of quantitative and Boolean objectives.

In this project, we focus on the following research objectives for the study of graph games with quantitative objectives:
(1) d evelop the mathematical theory and algorithms for
the new class of games on graphs obtained by combin
ing quantitative and Boolean objectives;
(2) d evelop practical techniques (such as compositional
and abstraction techniques) that allow our algorithmic
solutions be implemented efficiently to handle large
game graphs;
(3) explore new application areas to demonstrate the application of quantitative graph games in diverse disciplines; and
(4) develop the theory of games on graphs with infinite
state space and with quantitative objectives.

Krishnendu Chatterjee
Institute of Science and Technology
Austria

TEAM
Since the theory of graph games is foundational in several
disciplines, new algorithmic solutions are expected.

M.SC and Ph.D.
University of California,
Berkeley

Postdoc
University of California,
Santa Cruz

Assistant Professor
IST Austria

2002 – 2007

2008 – May 2009

Since June 2009

Johannes Reiter
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Ph.D.
Rutgers University, USA

Postdoctoral Fellow
Center for Behavioral and Molecular
Neuroscience, Rutgers University, USA

1999

1999 – 2001
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Jozsef Csicsvari
Memory-Related Information Processing in Neuronal
Circuits of the Hippocampus and Entorhinal Cortex

T

his proposal will elucidate the circuit mechanism
that underlies the spatial memory-related information processing in the interconnected brain
areas of the hippocampus and entorhinal cortex
(EC). Both of these areas are implicated in spatial memory
and encode spatial information in neuronal activity patterns. The mechanisms underlying the emergence and coordination of spatial memory-related activity in these regions are needed to understand how these circuits process
mnemonic information.
Accordingly, here we aim at elucidating the representation
of spatial memory by investigating these mechanisms at
the circuit and synaptic levels of organisation. The first objective of this proposal is to characterise oscillatory synchronisation in hippocampo-EC circuits at different stages
of memory processing. We hypothesise that network
oscillations facilitate circuit interactions during memory
processing. Therefore, using optogenetic techniques to
disrupt oscillations, we aim at identifying critical periods

during mnemonic processing when synchronisation is
needed. Secondly, we intend to reveal how mnemonic information is encoded and exchanged between different
areas of the hippocampo-EC system. We will test whether
spatial memory-associated firing of dorsal hippocampal
cells could be triggered by EC and/or ventral hippocampal
cells that encode similar mnemonic features.
In addition, this project will explore the role of temporal
coding in the representation and consolidation of spatial
memory traces. The third objective will investigate synaptic changes between connected CA3-CA3 and CA3-CA1
cell pairs during spatial learning. We will use cross-correlation analysis and electrical microstimulation to examine
the rules that govern changes in synaptic efficacy by observing the probability of spike transmission.

Jozsef Csicsvari
Institute of Science
and Technology Austria

TEAM
Overall, the proposal provides a comprehensive approach
to understanding how hippocampo-EC circuits organise
and store information during mnemonic processes.

Karel Blahna, Postdoc
Joseph O‘Neill, Postdoc
Haibing Xu, Ph.D. Student

Research Associate
Center for Behavioral and Molecular
Neuroscience, Rutgers University, USA

MRC Senior Scientist
MRC Anatomical Neuropharmacology
Unit, University of Oxford,UK

Professor
Institute of Science
and Technology Austria
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Research fellow
at the 3rd Physical Institute
of the University of Stuttgart

Research fellow
at the University of Constance

1997 – 1998

1998 – 1999

ERC Starting Grant // 2011

Markus Thomas Hennrich
Quantum simulations with
trapped Rydberg ions QuaSIRIO

T

his project focuses on the realization and application of trapped Rydberg ions for quantum information processing and quantum simulation.
It will bring together two prospective quantum
computational systems: trapped ions and Rydberg atoms.
Joining them will form a novel quantum system with advantages from both sides.
This approach will open a new path of investigation for
quantum computing and simulation and will allow investigation of different physical qualities not yet addressed in
the existing systems. In particular, it promises to speed
up entangling interactions by three orders of magnitude
and to extend the interaction distance by at least a factor
of two between neighbouring ions. The higher speed of
entangling interactions would allow the execution of more
complex quantum algorithms before decoherence destroys the stored quantum information. The increased
coupling distance would enable the controlled interaction

of neighbouring ions which are trapped individually. This
would allow setting up a quantum computational system
formed by a Coulomb crystal or a two-dimensional array
of individually trapped ions.
Such qualities make trapped Rydberg ions a powerful alternative approach for scalable quantum information processing. In particular, a string, crystal or two-dimensional
array of interacting trapped Rydberg ions can be used for
simulations of complex quantum systems intractable by
classical computers.

Markus Thomas Hennrich
Institute for Experimental Physics,
University of Innsbruck

Research fellow
at the Max Planck Institute
of Quantum Optics, Garching

Research fellow/Postdoctoral
researcher at the Institute of Photonic
Sciences (ICFO), Castelldefels, Barcelona

University Assistant
at the Institute for Experimental Physics
at the University of Innsbruck (since
December 2010, Assistant Professor)

1999 – 2004

2004 – 2007

Since July 2007
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Doctoral Thesis with Michael Wagner at the
Chair of Microbiology, Technical University of Munich

Department of Clinical
Microbiology, University of
Washington, Seattle, WA, USA

Postdoc at the Chair of
Microbiology, Technical
University of Munich

1998 – 2001

1998

2001

ERC Starting Grant // 2011

Matthias Horn
The Evolution of the Chlamydiae – an Experimental Approach

C

hlamydiae are a unique group of obligate intracellular bacteria that comprises symbionts of
protozoa as well as important pathogens of humans and a wide range of animals. The intracellular life style and the obligate association with a eukaryotic
host was established early in chlamydial evolution and possibly also contributed to the origin of the primary phototrophic eukaryote. While much has been learned during the
past decade with respect to chlamydial diversity, their evolutionary history, pathogenesis and mechanisms for host
cell interaction, very little is known about genome dynam
ics, genome evolution, and adaptation in this important
group of microorganisms. This project aims to fill this gap
by three complementary work packages using experimental evolution approaches and state-of-the-art genome sequencing techniques.
Chlamydiae that naturally infect free-living amoebae, namely Protochlamydia amoebophila and Simkania negevensis,
will be established as model systems for studying genome
evolution of obligate intracellular bacteria (living in proto-

University Assistant at the
Department of Microbiological
Ecology, University of Vienna
2003

zoa). Due to their larger, less reduced genomes compared
to chlamydial pathogens, amoeba-associated Chlamydiae
are ideally suited for these investigations. Experimental
evolution approaches – among the prokaryotes so far almost exclusively used for studying free-living bacteria – will
be applied to understand the genomic and molecular basis
of the intracellular life style of Chlamydiae with respect to
host adaptation, host interaction, and the character of the
symbioses (mutualism versus parasitism). In addition, the
role of amoebae for horizontal gene transfer among intracellular bacteria will be investigated experimentally. Taken
together, this project will break new ground with respect to
evolution experiments with intracellular bacteria, and it will
provide unprecedented insights into the evolution and adaptive processes of intracellular bacteria in general, and the
Chlamydiae in particular.

Matthias Horn
Faculty of Life Sciences,
University of Vienna

TEAM
Lisa Schuster (Postdoc)
Alexander Siegel (Postdoc)

START Prize (FWF)

Professor and Deputy
Director of Microbiological Ecology
Department, University of V
 ienna

ERC Starting Independent
Researcher Grant

2005

Since 2009

2011
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Medical Studies
University of Würzburg,
Germany
1994 – 2002
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Alwin Köhler
The Nuclear Pore Connection: Adaptor Complexes
Bridging Genome Regulation and Nuclear Transport

N

uclear pore complexes (NPCs) form macromol
ecular assemblies in the nuclear envelope and
mediate bidirectional cargo movement between the nucleus and cytoplasm. Recent evidence suggests that NPCs are not merely transport channels but act as gene regulators. Studies in yeast demonstrate that inducible genes can reposition from the nuclear
interior to the nuclear periphery upon activation. At the
periphery activated genes engage in physical contacts
with nuclear pores. Targeting and tethering of genes to
nuclear pores involves multifunctional adaptor complexes,
which are thought to couple chromatin modification, transcription and mRNA export. Knowledge of the structure,
dynamics and evolution of these adaptor complexes is key
to understanding how NPCs control nuclear gene position

ing and gene expression. I propose to systematically dissect the architecture and function of NPC-associated
adaptor complexes. Our studies will be a unique combination of biochemical and structural approaches in three
different model organisms. I anticipate, that this line of
research will create a powerful basis to address a number
of key questions in the field.

Alwin Köhler
Max F. Perutz Laboratories,
Medical University of Vienna

TEAM
Daniela Hahn (Postdoc)
Elzbieta Kowalska (Postdoc)
Ana Krolo (Ph.D. Student)
Noemi Meszaros (Ph.D. Student)
Maren Schneider (Technician)
Prabhavathi Talloji (Postdoc)
Eleonora Turco (Ph.D. Student)

Doctoral Thesis
Department of Cell Biology, Harvard
Medical School, Boston, USA
Laboratory of Dan Finley

Postdoctoral Research Fellow
Heidelberg University Biochemistry Center,
Germany, Laboratory of Ed Hurt

Junior Group Leader
Max F. Perutz Laboratories,
Vienna, Austria

1998 – 2000

2003 – 2009

Since January 2010
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University of Göttingen,
Germany
1990 – 1994
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ERC Starting Grant // 2011

Hanns-Christoph Nägerl
Microscopy of Tunable Many-Body Quantum Systems

T

he research group of Hanns-Christoph Nägerl is
experimentally studying the properties of ultracold atomic and molecular quantum gasses. At
sufficiently low temperatures, close to absolute
zero, phenomena such as Bose-Einstein condensation and
superfluidity occur. The ultracold gases can be used to realize model systems upon which quantum theory calculations can be tested. The goal of many research groups
worldwide is the realisation of so-called quantum simulators. Since complex quantum systems are mostly not calculable classically, quantum gas systems ought to assist

simulations. With the funds of the European Research
Council, Nägerl intends to study the properties of strongly
interacting quantum gases in a new way. “We want to apply a recently developed technology called quantum gas
microscopy on quantum gasses, in which the interaction
properties can be tuned.“ With it, Nägerl‘s research group
would like to “dissect“ strongly interacting quantum gasses and draw out their secrets, such as their order-disorder behaviour with single atom resolution. In this way,
new types of many-particle quantum states could be mapped directly for the first time.

Hanns-Christoph Nägerl
Institute for Experimental Physics,
University of Innsbruck

University of Innsbruck,
Austria

Institute of Technology (Caltech),
USA

University of Innsbruck,
Austria

1995 – 1998

1998 – 2000

2000 – 2011
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MD
University of Erlangen, Germany

Postdoc
Institute for Experimental
Pathology, Lund, Sweden

2003

2003 – 2005

ERC Starting Grant // 2011

Michael Sixt
Leukocyte Forces: Cytoskeletal Force Generation
and Force Transduction of Migrating Leukocytes

C

ell migration is a universal feature of all metazoan life and crucially involved in most developmental, homeostatic and pathological processes. Most efforts to understand its molecular and mechanical aspects were focused on the haptokinetic paradigm. Here cells generate traction by coupling
the protrusive and contractile forces of the actomyosin cytoskeleton via trans-membrane receptors to the extracellular environment. Our recent work demonstrated that
leukocytes, the class of animal cells that migrates with
highest speed and efficiency, violate this paradigm. Once
embedded in physiological three-dimensional matrices
t hey instantaneously shift between adhesive and nonadhesive modes to transduce force. This proposal suggests a combined cell biological and biophysical approach
to elucidate the molecular and mechanical principles underlying such plasticity. We will focus on the machinery
most proximate to force generation and use genetics and
pharmacology to characterize how nucleation, elongation,
depolymerization and cross-linking of actin filaments act

in leukocytes migrating through environments of varying
geometry and adhesive properties (Postdoc 1). Mechanical manipulations in conjunction with high resolution monitoring of substrate deformations will reveal how cytoskeletal force is transduced to the extracellular environment (Postdoc 2). In a technical support project (Technician) we will develop a cell-system with optimized access
to stable genetic manipulations. Technically, these questions will be addressed by employing advanced live cell
fluorescence imaging in combination with artificial environments engineered using micro-fluidics and substrate
micro-patterning. Importantly, findings will ultimately be
challenged in living tissues. This multidisciplinary approach
will generate an integrated view of locomotion-plasticity
that will not only impact basic cell biology and immunology but also developmental and cancer biology.

Michael SixT
Institute of Science and
Technology Austria

TEAM
Alexander Eichner (Ph.D. Student)
Maria Frank (Technician)
Eva Kiermaier (Postdoc)
Christine Moussion (Postdoc)
Verena Ruprecht (Joint Postdoc with
Heisenberg Group)
Jan Schwarz, (Ph.D. Student)
Ingrid de Vries (Technician)
Michele Weber (Postdoc)
Stefan Wieser (Joint Postdoc with
Heisenberg Group)

Group Leader
Max-Planck Institute,
Martinsried, Germany

Endowed Professor
Peter Hans Hofschneider Foundation
for Experimental Biomedicine

Assistant Professor
Institute of Science
and Technology Austria

2005 – 2010

2008 – 2010

2010
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Tomas Sobotka
Fertility, Reproduction and Population
Change in 21st Century Europe

T

his project will address key issues related to fertility and reproduction in 21st century Europe and
their implications. Combining detailed data
bases, especially the expanding Human Fertility
Database with surveys and theoretical perspectives, the
research team will study contemporary fertility trends and
their explanations. An emphasis will be put on analysing
persistent fertility differences across countries and re
gions, as some parts of Europe face an extended period
of very low fertility that has prompted considerable discussion and has become a matter of public concern.
The EURREP project consists of four broad interrelated
themes. The first theme, “Advancing fertility research in
contemporary Europe: Theories, patterns and reversals” is
most extensive. European fertility and reproductive ‘regimes’ will be compared to those in other rich regions. We
will review middle-range theories and explanations of fertility and examine their validity and premises at different levels
of explanation (e.g., region-specific, time-specific, groupspecific, aggregate-level, individual-level, etc). We will look
how and under which circumstances they can explain
changes in fertility trends as well as the observed reversals

in correlation between selected aggregate-level indicators
(female labour force participation, GDP level, marriage
rates, etc.) and fertility. The second theme focuses on a
systematic analysis of fertility intentions and their relevance
for understanding contemporary fertility. Here the key issue
is whether and why a systematic disagreement between
intended and realised fertility exists at an aggregate level
and whether it can be partly explained by institutional conditions. The third theme links fertility with migration and population changes, and aims at advancing methodology and
proposing new indicators. The fourth theme is focused on
developing the Human Fertility Database and complementary data collection as well as publication activities.
By connecting several broad research themes and analytical
perspectives, the EURREP project aims to expand knowledge of reproductive behaviour in contemporary Europe,
shape our theoretical perspectives on fertility, develop new
methods and indicators for analysing and projecting fertility
and improve our understanding of fertility intentions.

Tomas Sobotka
Vienna Institute of Demography,
Austrian Academy of Sciences

TEAM
Krystof Zeman
Eva Beaujouan
Caroline Berghammer
Anna Matysiak

MA
Charles University in Prague

Ph.D.
University of Groningen,
the Netherlands

collaboration, courses, lecturing
Max Planck Institute for Demographic
Research in Rostock

research
Vienna Institute of Demography,
Austrian Academy of Sciences

1998

2004

2005 – 2006

Since 2004
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ERC Starting Grant // 2011

Andrew Straw
Linking Neural Circuits to Visual
Guidance in Flying Flies

O

ne of the great challenges in biology is to relate
findings at a particular scale with understanding
from higher or lower levels. The fruit fly Drosophila melanogaster is an intensively studied organism, with a long history of discoveries in the fields of
genetics, development, neurobiology and behavior. The
work in this proposal will create a better understanding of
visually guided fly behavior and link this understanding to

identified neurons in the fly brain. It will enable results from
these diverse fields to be synthesized into a multi-scale
context whereby specific components of high-level behavior can be directly associated with activity in identified neurons. Future work will then be able to build on these results
and discover specific cellular properties and their molecular
bases that enable flies to robustly achieve their goals with
an extremely resource limited brain.

Andrew Straw
Research Institute of
Molecular Pathology

TEAM
Lucile Belliveau
Lisa Fenk
Mareike Forthmann
Karin Panser
Andreas Pöhlmann
John Stowers

Initial Ph.D. work
at the University of Washington,
Seattle, USA

Ph.D. completion
at the University of Adelaide,
Australia

Postdoctoral training and
research faculty at California
Institute of Technology, USA

IMP Fellow
at the Research Institute of Molecular
Pathology (IMP), Vienna, Austria

2001

2004

2004

Since 2010

PH.D.
Max Planck Institute for Nuclear
Physics, Heidelberg
1999
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ERC Starting Grant // 2011

Roland Wester
Molecular Networks with Precision
Terahertz Spectroscopy

T

erahertz frequencies match the vibrations between large functional groups in molecular networks from macromolecules, nano-droplets to
proteins. If we are able to measure these oscillations we can decipher the structure and the long-range
interactions in large molecular systems. This yields a precise fingerprint of the molecule that is highly useful for
sensitive trace analysis. However, despite of a lot of research in the field, high precision spectroscopy in the former terahertz gap for isolated large molecular networks
has not been developed yet.
In this project I will develop the necessary tools to mea
sure terahertz transition frequencies in large, mass-selected molecular systems with high resolution. For this
purpose a cryogenic radiofrequency ion trap will be coupled to a terahertz resonator cavity. This will allow excitation of a dilute sample of molecular ions in well-defined
internal quantum states with single-frequency terahertz

radiation. My vision is to achieve high spectral resolution
and single-ion sensitivity for almost arbitrarily large molecular systems in the terahertz regime which will initiate a
new field for molecular spectroscopy.
To explore the potential of the newly-developed methods,
I propose to study molecular networks of fundamental importance in chemistry, biology and astronomy. Vibrationtunneling dynamics will be studied in water cluster ions.
Torsional motion of biological chromophores and its role in
the quenching of the fluorescent state will be investigated. And the spectral signatures of molecules that are promising candidates for detection in the interstellar medium
will be determined.

Roland Wester
Institute of Ion Physics and Applied
Physics, University of Innsbruck

TEAM
Thorsten Best
Sunil Kumar
Daniel Hauser
Katharina Geistlinger

Postdoctoral Fellow
University of California,
Berkeley

Research Fellow
and Project head
University of Freiburg

Deputy
professorship
University of Freiburg

professor
University of Innsbruck

2000 – 2002

2003 – 2008

2008 – 2010

Since 2010
ERC Grantees 2010 / 2011 59

B. A. in Biochemical Sciences
Harvard University
1997
60 ERC Grantees 2010 / 2011

ERC Starting Grant // 2011

Bojan Zagrovic
Towards a Quantitative Framework for Understanding ProteinProtein Interactions: From Specific Effects to Protein Ecology

D

irect non-covalent protein-protein interactions
underlie most of biological functional activity on
the molecular level. A binding event between
two proteins typically consists of two stages: 1)
diffusional, non-specific search of the binding partners for
each other, and 2) specific recognition of the compatible
contact surfaces followed by complex-formation. Despite
significant progress in studying these processes, a number
of open questions remain. How do the partners find each
other in the crowded and interaction-rich cellular environment? What is the role of co-localization in binding and
what are the mechanisms that lead to it? What are the exact mechanisms of the specific recognition of binding surfaces? What is the role of induced fit as opposed to conformational selection in the process? We propose to utilize
atomistic-level and coarse-grained molecular dynamics sim
ulations and advanced computational techniques, in close
conjunction with experiment, to address these questions,
with an ultimate goal of developing a unified picture combining both specific and non-specific contributions to proteinprotein interactions. We will focus on several test-cases of

broad biological significance, such as the ubiquitin system,
to test two central ideas: 1) that protein dynamics is the
principal determinant of specific molecular recognition in
many systems, and 2) that co-localization, which non-specifically affects the binding process, is a direct consequence
of the general physico-chemical properties of the binding
partners, irrespective of the features of their binding sites.
The implications of exploring these hypotheses are far-
reaching, as they both deal with the very essence of how
we understand the functioning of biological systems on the
molecular level, and also affect our practical strategies in
the context of molecular medicine and drug design. Methodologically, we will further develop and utilize distributed
computing techniques on the world-wide-web and computation on streaming processors to meet the high demand
for computational power, inherent in studying protein interactions in silico. Moreover, we will closely collaborate with
a range of interdisciplinary experimental scientists to rigorously validate computational and theoretical approaches
and directly test our predictions.

Bojan Zagrovic
Max F. Perutz Laboratories,
University of Vienna

TEAM
Anton A. Polyansky (Postdoc)
Bianca M. Mladek (Postdoc)
Antonija Kuzmanic (Ph.D. Student)
Mario Hlevnjak (Ph.D. Student)
Drazen Petrov (Ph.D. Student)
Juan Osorio Iregui (Ph.D. Student)
Christian Margreitter
(Masters Student)

Ph.D. in Biophysics
with Vijay S. Pande (HHMI Fellow)
Stanford University

postdoc
with Wilfred F. van Gunsteren
(EMBO Fellow), ETH Zurich

group leader
Mediterranean Institute
for Life Sciences, Split, Croatia

junior group leader
Max F. Perutz Laboratories,
University of Vienna
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2004 – 2007

2007 – 2010

Since 2010
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University studies
of Biochemistry at the
Free University of Berlin, Germany

Diploma thesis studies in the laboratory of
Steven J. Burden at the Skirball Institute of
Biomolecular Medicine, New York, USA. Title of
Diploma thesis: Identification and Characterization
of Autophosphorylation sites in the Muscle Specific
Receptor Tyrosine Kinase (MuSK)

1993 – 1998

1998

ERC Starting Grant // 2011

Manuel Zimmer
Neuromodulation of Oxygen Chemosensory Circuits
in Caenorhabditis elegans

A

n animal’s decision on how to respond to the
environment is based not only on the sensory
information available, but further depends on
internal factors such as stress, sleep / wakefulness, hunger / satiety and experience. Neurotransmitters
and neuropeptides in the brain modulate neural circuits
accordingly so that appropriate behaviors are generated.
Aberrant neuromodulation is implicated in diseases such
as insomnia, obesity or anorexia. Given the complexity of
most neural systems studied, we lack good models of
how neuromodulators systemically affect the activities of
neural networks.
To overcome this problem, I propose to study neural circuits in the nematode C. elegans, which is a genetically
tractable model organism with a simple and anatomically
defined nervous system. I will focus on the neural circuits
involved in oxygen chemosensory behaviors. Worms can
smell oxygen and they use this information to navigate
through heterogeneous environments. This enables them
to find food and to engage in social interactions. Oxygen
chemosensory behaviors are highly modulated by experience and nutritional status, but the underlying mechanisms are not understood.

I established behavioral assays that allow studying the
modulation of oxygen behaviors in a rigorously quantifiable manner. I also acquired expertise in micro-fabrication
technologies and developed imaging devices to measure
the activity of neurons in live animals. The first two aims
of this proposal focus on the application of these technologies to study (A) how neuropeptides shape behavioral
patterns and mediate experience dependent modulation
of oxygen chemosensory circuits; and (B) how food availability and nutritional status modulate the same neural circuits. Aim (C) is an innovative engineering approach in
which I will develop new microfluidic lab-on-a-chip technologies that allow the simultaneous recording of oxygen
evoked behaviors and neural activity. This will be beneficial for aims A and B and will solve a fundamental ques
tion in neuroscience: how do neural circuits encode stochastic behavioral choices.

Manuel Zimmer
Research Institute of
Molecular Pathology

TEAM

The ERC funding will enable me to establish both a competitive internationally leading research team and a European technology platform for the benefit of the C. elegans
neuroscience community.

Richard Latham (Technician)
Tomas Eichler (Ph.D. Student)
Dagmara Grzadziela
(Diploma Student)
Lisa Traunmüller (Student)
ERC funded team members:
Ingrid Hums (Ph.D. Student)
Tina Schrödel (Ph.D. Student)
Susanne Skora (Ph.D. Student)
Fanny Mende (Technician)

Ph.D. studies in the laboratory of Rüdiger Klein
at the EMBL-Heidelberg & Max Planck Institute of
Neurobiology, Munich, Germany. Title of Ph.D.
thesis: Mechanisms of Eph/ephrin mediated cellcell communication

Postdoctoral fellow in the
laboratory of Cori Bargmann, The
University of California San Francisco & The Rockefeller
University, New York, USA

Independent group leader
at the IMP, Vienna, Austria

1998 – 2003

2004 – 2010

Since 2010
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Advanced
Grants
ERC Advanced Grants allow exceptional established research leaders of any nationality and any
age to pursue ground-breaking, high-risk projects that open new directions in their respective
research fields or other domains. The ERC Advanced Grant funding targets researchers who have
already established themselves as independent research leaders in their own right.

ERC Advanced Grants in brief
• R
 esearch field: any field of science, engineering and
scholarship
• Researchers: any nationality, any age. Applicants must
be scientifically independent and have a recent research
track-record and profile which identifies them as leaders
in their respective field(s) of research
• Evaluation Criterion: scientific excellence
• Host Institution: research must be conducted in a public
64 ERC Grantees 2010 / 2011

or private research organisation (known as a Host Institution/HI) located in one of the EU Member States or Associated Countries
• Funding: up to € 2.5 million per grant (in some circumstances up to € 3.5 million per grant)
• Duration: up to 5 years
• Calls for proposals: published once a year in autumn
with deadlines in early spring (February - April)
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Advanced Grants
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74 Magnus NORDBORG
76 Walter Pohl
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80 Günter Blöschl
82 Meinrad Busslinger
84 Ulrike Diebold
86 Christian SCHLÖTTERER
88 Michael WAGNER
90 Eberhard Widmann
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Ph.D. Courant Institute
of Mathematical Sciences,
New York University

Habilitation
University of Zurich

1996

1999

ERC Advanced Grant // 2010

Adrian Constantin
Nonlinear Studies of Water Flows with Vorticity

T

he aim of this project is to advance considerably
the state-of-the-art in water flows with vorticity.
We concentrate on the following themes:

(1) the discovery of new exact solutions of the incompressible Euler equations, within a fixed fluid domain or for a
fluid domain with a free boundary;
(2) the investigation of the flow (existence of critical lay
ers, description of the particle trajectories) beneath a steady water wave in a flow of constant non-zero vorticity above a flat bed;
(3) the study of the effect of the fluid bed topography on
the particle paths and on the behaviour of the pressure beneath a wave approaching a shore with a sloping beach;

(4) the possibility of incorporating a region of isolated vorticity within a free-surface flow with a sloping bed (a prob
lem of special interest in the context of tsunami waves);
(5) breaking waves (at sea and near the shore).
We believe that progress can be achieved within the timeframe of the proposed project. We will mainly investigate
analytically the nonlinear governing equations for incompressible inviscid flow but nonlinear model equations
which arise as approximations within specific physical regimes will be extensively used in studying item (3) and (5)
above. In parallel to the analytic investigation we will also
perform numerical studies and provision is made to obtain
experimental feedback.

Adrian Constantin
Department of Mathematics,
University of Vienna

TEAM
Ph.D. Student
Raphael Stuhlmeier
Postdocs
Calin Iulian Martin
Pierre Germain

Appointment Chair in
Partial Differential Equations,
Lund University, Sweden

Appointment Erasmus
Smith‘s Chair of Mathematics
(1762), Trinity College, Ireland

Appointment Professorship
in Partial Differential Equations,
University of Vienna

2000

2004

2008
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Ph.D.
Stanford University

Assistant Professor
Cornell University

1991

1992

ERC Advanced Grant // 2010

Thomas A. Henzinger
Quantitative Reactive Modeling

F

ormal verification aims to improve the quality of
software by detecting errors before they do
harm. At the basis of formal verification is the logical notion of correctness, which purports to
capture whether or not a program behaves as desired. We
suggest that the boolean partition of software into correct
and incorrect programs falls short of the practical need to
assess the behavior of software in a more nuanced fash
ion against multiple criteria. We therefore propose to introduce quantitative fitness measures for programs, specifically for measuring the function, performance, and robustness of reactive programs such as concurrent processes.

The project aims to build and evaluate a theory of quantitative fitness measures for reactive models. Such a theory
must strive to obtain quantitative generalizations of the paradigms that have been success stories in qualitative reactive modeling, such as compositionality, property-preserving abstraction, model checking, and synthesis. The
theory will be evaluated not only in the context of hardware and software engineering, but also in the context of
systems biology. In particular, we plan to use the quantitative reactive models and fitness measures developed in
this project for testing hypotheses about the mechanisms
behind data from biological experiments.

Thomas A. Henzinger
Institute of Science and
Technology Austria

TEAM
Postdocs
Pavol Cerny
Ali Sezgin
Udi Boker
Ashutosh Gupta
Cezara Dragoi

Professor
University of California, Berkeley

Director
Max Planck Institute for Computer Science

Professor
EPFL

President
IST Austria

1998

1999

2004

2009
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Doctorate
in Zoology,
University of Vienna

Postdoc
Scripps Institute of Oceanography,
University of California at San Diego

Venia docendi
for Ecology,
University of Vienna

1982

1988

1992

ERC Advanced Grant // 2010

Gerhard J. Herndl
Microbial Ecology of the Deep Atlantic Pelagic Realm

T

he project aims at elucidating a major enigma in
microbial ecology, i.e., the metabolic activity of
prokaryotic communities in the deep sea under
in situ pressure conditions, rather than under
surface pressure conditions, as commonly done. Analysis
of the global data set of prokaryotic abundance indicates
that about 40% of prokaryotes reside in depth below
1000m depth with a phylogenetic composition different
from that in surface waters. Using a recently fabricated
high-pressure sampling and incubation system in combi-

nation with advanced tools to assess phylogenetic diversity, gene expression and single-cell activity, we aim at resolving this enigma on a prokaryotic community level as
well as on a phylotype level. This detailed knowledge on
the distribution of the auto- and heterotrophic activity of
deep-sea prokaryotes under in situ pressure conditions is
essential to refine our view on the oceanic biogeochemical cycles, and to obtain a mechanistic understanding of
the functioning of deep-sea microbial food webs.
Gerhard J. Herndl
Faculty of Life Sciences,
University of Vienna

TEAM
Postdocs
Roberta Hansmann
Juan Garcia
Wolfgang Hoehenwarter
Ph.D. Student
Daniele de Corte

Director of Biological
Oceanography, Royal Dutch
Institute for Oceanography

Professor
of Biological Oceanography,
University of Groningen

Professor of Oceanography,
University of Vienna
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2008
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Doctor of medicine subject of thesis:
“Action of scorpion toxins on Na+ channels
in myelinated nerve“, summa cum laude,
University of Giessen

Habilitation subject of thesis: “Molecular
identification of native voltage-gated K+ channels
and glutamate-activated ionic channels with the
patch-clamp technique“, University of Heidelberg

Postdoc at the Physiological
Institute of the University, Group
of Werner Vogel, Giessen

1987

1992

1988 – 1989

ERC Advanced Grant // 2010

Peter Jonas
Nanophysiology of Fast-Spiking,
Parvalbumin-Expressing GABAergic Interneurons

I

n this project we plan to examine the dendrites,
a xons, and presynaptic terminals of fast-spiking,
parvalbumin-expressing GABAergic interneurons
using subcellular patch-clamp methods pioneered
by the PI, imaging techniques, and computational approaches. The goal is to obtain a quantitative nanophysiological picture of signaling in this key type of interneuron.
By incorporating realistic BC models into dentate gyrus

network models, we will be able to test the contribution
of this important type of GABAergic interneuron to complex functions of the dentate gyrus, such as pattern separation, temporal deconvolution, and conversion from grid
to place codes. The results may lay the basis for the development of new therapeutic strategies for treatment of diseases of the nervous system, targeting interneurons at
subcellularly defined locations.

Peter Jonas
Institute of Science and
Technology Austria

TEAM
Postdoc
Hua Hu
Senior Technician
Florian Marr

Research Assistant at the Max
Planck Institute for Medical Research,
Department of Cell Physiology, Group
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Associate Professor
Technical University of Munich,
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(Department of Josef Dudel)

Full Professor and
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the Physiological Institute
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Magnus Nordborg
Developing Maximum-Resolution Genotype-Phenotype
Maps Using Whole-Genome Polymorphism Data

A

lthough pioneered by human geneticists as a
potential solution to the challenging problem of
finding the genetic basis of common human diseases, genome-wide association studies
(GWAS) have, owing to advances in genotyping and sequencing technology, become an obvious general approach for studying the genetics of natural variation. They
are particularly useful when inbred lines are available because once these lines have been genotyped they can be
phenotyped multiple times, making it possible (as well as
extremely cost-effective) to study many different traits in
many different environments, while replicating the phenotypic measurements to reduce environmental noise.

Here we propose to continue our groundbreaking GWAS
work in the model plant Arabidopsis thaliana. We will explore the limits of the approach, moving beyond markertrait linkage disequilibrium to full sequence information.
We will carry out GWAS of important life-history traits
using over 1000 inbred A. thaliana lines for which nearly
complete sequence information is available. The GWAS
will be complemented by linkage mapping in F2 crosses
to eliminate confounding linkage disequilibrium, associations will be verified experimentally, and confirmed causal
polymorphisms will be added to the model in an iterative
manner in order to create an increasingly refined genotype-phenotype map.

Magnus NORDBORG
Gregor Mendel Institute of
Molecular Plant Biology,
Austrian Academy of Sciences

TEAM
Quan Long
Envel Kerdaffrec
Viktor Voronin
Pamela Korte
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University, Isaac Newton Institute for
Mathematical Sciences Programme,
“Biomolecular Function and Evolution
in the Context of the Genome Project”

University of Southern California
Molecular & Computational Biology
Assistant Professor (2000 – 2004)
Associate Professor (2004 – 2011)
Research Associate Professor (since 2011).
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Research Fellow

Science Director of
GMI (and Fellow of the Austrian
Academy of Sciences, since 2010)
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Walter Pohl
Social Cohesion, Identity and
Religion in Europe (400 – 1200) (SCIRE)

T

he period between 400 and 1200 AD saw the
emergence of new fundamental modes of identification in Europe. Firstly, strong religious identities took shape and became hegemonial over
vast regions where Christian communities developed. And
secondly, new kingdoms with ethnic denominations were
formed, and the Roman empire gave way to a pluralistic
political landscape. Most ethnic designations for medieval
and modern states in fact go back to that period. Both processes, not least through their interaction, created new
forms of social cohesion, but also of conflict, and had a
deep impact on European history up to this day that has
not been sufficiently understood yet. Universal religion and
ethnic/national particularism have always been regarded as
opposite principles. But that is only part of the picture, and
the proposed project is intended to look systematically at
the ways in which religious and ethnic identities interacted,
both as forms of discourse and as social practices.

This should be achieved by a double approach: Careful
source studies combined with methodological reflections
to avoid modern projections; and comparison with areas
beyond the frame of the project, for instance, the early Islamic World. The intention is not so much to study specific
ethnic processes, but the cultural and social matrix that
made them possible, and shaped them. Specifically, the
project will concentrate on the ways in which the Bible inspired new discourses of identity and ethnicity, and in
which the formation of Christian communities could enhance ethnic and political cohesion. Important political, affective and cognitive resources for the political role of ethnicity in European history were created in Late Antiquity
and the Early and High Middle Ages, c. 400–1200 AD.
They provided a potential that could be used at different
stages in European history, not least, in the development
of the modern nation.

Walter Pohl
Faculty of Historical and Cultural
Studies, University of Vienna

TEAM
Roland Steinacher
Cinzia Grifoni
Marianne Pollheimer
Ingrid Hartl

In studying the Early Middle Ages, the project addresses a
period that has been neglected in debates about ethnicity
and the rise of the nation. By choosing a long-term perspective, it attempts to historicize ethnicity and religion.

DIRECTOR of the Institute for Research
of the Middle Ages at the Austrian Academy
of Sciences (until 2004 Research Centre
for the History of the Middle Ages)
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Science Fund

PROFESSOR for the History of the
Middle Ages and the Science of
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Siegfried Bauer
Stretching Soft Matter Performance: From Conformable
Electronics and Soft Machines to Renewable Energy

T

his project aims at exploring the unique properties of soft matter, inimitable with conventional
solid materials, to allow for an extension of basic knowledge and to trigger novel applications.
Three core objectives, each going far beyond the state of
the art are tackled: (A) in conformable electronics stretch
able ferroelectrets, conformable rechargeable batteries
and stretchable waveguides promise to create entirely
novel electronic items. The groundbreaking approach of
this proposal is the development of stand-alone stretch
able electronic devices, including sensing capabilities for
touch and other environmental stimuli, information distribution, as well as power generation and distribution. Such
devices can be implemented in soft robots, artificial limbs
and morph designs in consumer electronics. (B) The sec
ond objective on soft machines addresses fundamental
questions on electromechanical instabilities in soft transducer systems. These investigations will lead to giant
s troke actuators with area expansion rates exceeding
thousand percent, enabling programmable haptic surfaces
in Braille readers, as well as tactile feedback in consumer
electronics. Stretchable nonlinear optical materials for
highly efficient phase-matched operation promise new research directions in adaptive photonics. (C) The third ob-

jective on renewable energy concerns mechanical energy
scavenging from environmental sources. Compared to
currently available solutions we intend to focus on water
as medium for electrodes in deformable capacitor ar
rangements or as gap filling dielectric in variable capacitor designs. Based on this we plan to develop efficient
operation cycles, to maximize energy of conversion. The
wide range of objectives, but also the many possible applications require expertise in the thermodynamics of soft
matter, in electrical engineering, in continuum mechanics
under extreme conditions and in the implementation of
the results in practical devices. Moreover, the challenge
of the overall approach is to base research on highly elas
tic materials from renewable sources. In the end we aim
to expand knowledge in applying soft materials in fields
of conformable electronics, soft robots and machines, as
well as energy harvesting. We will therefore also contribute to general challenges in sustainability and energy
supply. We believe that this creative and innovative project will establish new research directions that will not
only be reflected in high impact publications, patents and
practical devices, but will also substantially expand our
fundamental understanding in stretching soft matter performance to new limits.

Assistant professor
at the University of
Potsdam, Habilitation 1996

professor
at the Johannes Kepler
University, Linz, Austria

Chair of the Department of the
Physics of Soft Matter at Johannes
Kepler University

1995 – 1997

Since 1997

Since 2002

Siegfried Bauer
Institute for Experimental Physics,
Johannes Kepler University Linz

TEAM
Postdocs
Nikita Arnold
Simona Bauer-Gogonea
Martin Kaltenbrunner
Ph.D. Students
Rainer Kaltseis
Josef Stadlbauer
Richard Baumgartner
Alexander Kogler
Markus Krause
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Günter Blöschl
Deciphering River Flood Change

M

any major and devastating floods have occurred around the world recently. Their
number and magnitude seems to have increased but such changes are not clear.
More surprisingly, the exact causes of changes remain a
mystery. Although, drivers such as climate and land use
change are known to play a critical role, their complex interactions in flood generation have not been disentangled.
The main objectives of this project are to understand how
changes in land use and climate translate into changes in
river floods, what are the factors controlling this relationship and what are the uncertainties involved. We decipher
the relationship between changes in floods and their driv
ers by analysing the processes separately for different
flood types such as flash floods, rain-on-snow floods and
large scale synoptic floods. We then use data from catch-

ments in transects across Europe to build a probabilistic
flood-change model that explicitly describes the change
mechanisms. The model is unconventional as it does not
take a reductionist approach but conceptualises the dominant flood change processes at the catchment scale. We
test the model on long high-quality flood data series. We
use the model as well as the temporal and spatial data
variability to quantify the sensitivity of floods to climate
and land use change and estimate the uncertainties involved. The data are already available to me or will be made
available through my excellent contacts in Europe.
For the first time, it will be possible to systematise the effects of land use and climate on floods which will provide
a vital step towards predicting how floods will change in
the future.

Günter Blöschl
Institute of Hydraulic Engineering
and Water Resources Management,
Vienna University of Technology

TEAM
Juraj Parajka
Magdalena Rogger
José Luis Salinas Illarena
Alberto Viglione

Research Fellow
at the Australian National
University (FWF Austrian
Science Fund Schrödinger
Scholarship)

Associate Professor
of Hydrology, Vienna University
of Technology

Full Professor
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Vienna University of Technology

Director
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Meinrad Busslinger
Transcriptional Networks Controlling
Lymphocyte Development (LymphoControl)

A

cquired immunity to foreign pathogens de
pends on functional B and T cells that develop
from hematopoietic stem cells via the common lymphoid progenitor (CLP) cell stage. In
the bone marrow, CLPs differentiate to pro-B cells, which
undergo B-lineage commitment and subsequent development to plasma cells. Upon entry into the thymus, CLPs
turn into committed pro-T cells that differentiate to CD4+
and CD8+ T cells. The objective of this proposal is to elucidate the transcriptional control of lymphocyte development at three defined stages by deciphering the transcriptional networks specifying pro-B and pro-T cells at the onset of lymphopoiesis and plasma cells at the end stage of
B cell development. For this purpose, we have generated
knock-in mice carrying a biotin acceptor sequence at the
C-terminus of key transcription factors, which can be biotinylated by transgenic co-expression of the E. coli biotin ligase BirA. In vivo biotinylation facilitates antibody-independent precipitation of these transcription factors by
streptavidin pulldown (Bio-ChIP), which is particularly important, if ChIP-grade antibodies are commercially not
available. Preliminary Bio-ChIP sequencing experiments
validated this approach for genome-wide identification of

transcription factor target genes. Bio-ChIP sequencing
will be used to identify the target genes of key transcrip
tion factors controlling the development of pro-B cells
(Ikaros, E2A, STAT5, EBF1, Pax5, PU.1, IRF4), pro-T cells
(Notch1, RBP-Jk, GATA3, Ikaros, E2A, STAT5) and plasma
cells (Blimp1, IRF4, XBP1). RNA sequencing of wild-type
and mutant lymphocytes will determine the regulated target genes of these factors, which are ultimately relevant
for the elucidation of transcriptional networks. The function of selected target genes at central nodes of these
networks will be analyzed by the latest miR30-shRNA
knockdown technology. Finally, regulatory complexes interacting with these transcription factors will be identified
by streptavidin-pulldown purification and mass spectrometry followed by their integration into the transcriptional
networks by ChIP-seq mapping to the transcription factor
target genes. These experiments are expected to provide
fundamentally new molecular insight into the generation
and function of all three lymphocyte stages and will likely
contribute to a better understanding of how deregulation
of the transcriptional control promotes the development
of lymphoid malignancies.

Visiting Scientist
Genentech Inc.
South San Francisco, USA

Senior Scientist
Research Institute for
Molecular Pathology, Vienna

Professor Extraordinarius
University of Vienna
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Meinrad Busslinger
Research Instiute of
Molucular Pathology, Vienna

TEAM
Bojan Vilagos (PD)
Anja Ebert (Research Associate)
Markus Schäfer (Ph.D.)
Markus Jaritz (Bio)
Elin Axelsson (Bio)
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Ulrike Diebold
Microscopic Processes and Phenomena
at Oxide Surfaces and Interfaces

M

etal oxide surfaces and interfaces play a key
role in energy-related applications and in
novel schemes for electronic devices that
exploit the special physical and chemical
properties of these promising materials. For progress in
both areas, a detailed, mechanistic understanding of the
atomic and molecular processes that occur at oxide surfaces and interfaces is critical. Experiments on well-characterized model systems in conjunction with computational modelling can provide such insights, but current investigations are limited in the range of materials and scope
of phenomena that can be studied, and to experiments in
a low-pressure environment. Research conducted in this
project will push these limits by:

• Developing new methodologies for atomic-scale investigations of the subsurface region of oxides with mixed
electronic and ionic conduction to measure mass and
charge transport across oxide interfaces.
• Combining cutting-edge molecular beam epitaxy techniques with atomically-resolved scanning tunneling microscopy to synthesize samples of multi-component
metal oxide materials with tailored surface properties.
• E stablishing a new research thrust that will combine
both ex-situ and in-situ electrochemical surface science
techniques to study structurally well characterized metal
oxide surfaces in an aqueous environment.

Ulrike Diebold
Institute of Applied Physics,
Vienna University of Technology

TEAM
Michael Schmid
Peter Varga
Gareth Parkinson
Martin Setvin

Fritz Haber Institut
of the Max Planck Society
Berlin (Humboldt Award)

Princeton University
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Christian Schlötterer
The Architecture of Adaptation to Novel Environments

O

ne of the central goals in evolutionary biology
is to understand adaptation. Experimental evolution represents a highly promising approach
to study adaptation. In this proposal, a freshly
collected D. simulans population will be allowed to adapt
to laboratory conditions under two different temperature
regimes: hot (27°C) and cold (18°C). The trajectories of adaptation to these novel environments will be monitored
on three levels: 1) genomic, 2) transcriptomic, 3) phenotypic. Allele frequency changes during the experiment will
be measured by next generation sequencing of DNA pools
(Pool-Seq) to identify targets of selection. RNA-Seq will be
used to trace adaptation on the transcriptomic level during
three developmental stages. Eight different phenotypes
will be scored to measure the phenotypic consequences
of adaptation. Combining the adaptive trajectories on these three levels will provide a picture of adaptation for a
multicellular, outcrossing organism that is far more detailed than any previous results.

Furthermore, the proposal addresses the question of how
adaptation on these three levels is reversible if the environment reverts to ancestral conditions. The third aspect
of adaptation covered in the proposal is the question of
repeatability of adaptation. Again, this question will be
addressed on the three levels: genomic, transcriptomic
and phenotypic. Using replicates with different degrees of
genetic similarity, as well as closely related species, we
will test how similar the adaptive response is.
This large-scale study will provide new insights into the
importance of standing variation for the adaptation to novel environments. Hence, apart from providing significant
evolutionary insights on the trajectories of adaptation, the
results we will obtain will have important implications for
conservation genetics and commercial breeding.

Christian SCHLÖTTERER
Institute of Population Genetics,
University of Veterinary Medicine,
Vienna

TEAM
Susanne Franssen
Daria Martynow
Siegrid Widhalm

Postdoc
LMU Munich, Germany
University of Chicago, USA

Faculty Member (Group leader,
Associate Professor)
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University of Innsbruck, Austria
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Michael Wagner
Nitrification Reloaded –
a Single Cell Approach (NITRICARE)

N

itrification is a central component of the
Earth’s biogeochemical nitrogen cycle upon
which all life on this planet is dependent. This
process is driven almost exclusively by two
groups of microorganisms, which aerobically oxidize in two
separate steps ammonia via nitrite to nitrate. The activities
of these nitrifiers are of major ecological and economic importance as they produce the potent greenhouse gas N2O
as a by-product, and largely contribute to the inefficiency
of ammonium fertilization in agriculture causing massive
eutrophication events and dead zones in water bodies. On
the other hand it is the activity of nitrifiers in wastewater
treatment that prevents eutrophication of aquatic ecosys
tems. During the last century humans have had an enormous impact on nitrification primarily by the use of artificial nitrogen fertilizers. These anthropogenic interferences
of the nitrogen cycle continue at a record pace and their
consequences are still unpredictable. Despite the importance of nitrification for the health of our planet, there are
surprisingly large gaps in our basic understanding of the
microbiology of this process. Nitrifiers are notoriously difficult to isolate in the lab and thus most of our current knowledge on nitrification stems from work with a few cultured
nitrifier model organisms that are hardly representative of
the microbes driving nitrification in most environments.
It is the overarching objective of the NITRICARE project to
close some of these knowledge gaps and thereby obtain a
fundamental understanding of the identity, evolution, me-

tabolism and ecological importance of those bacteria and
archaea that are actually catalyzing nitrification in nature.
For this purpose innovative single cell technologies like Raman-microspectroscopy-based cell sorting, NanoSIMS and
single cell genomics will be combined in novel ways to acquire direct experimental access to the important nitrifying
microbes in the environment. To enhance the throughput
and precision of the proposed research projects a Raman
microfluidic device for function- or compound-specific nitrifier cell sorting will be developed. Application of these
novel approaches will reveal the evolutionary history and
metabolic versatility of uncultured but highly abundant ammonia oxidizing archaea in many different environments
and will provide important insights into their population
structure. Furthermore, the proposed experiments will
allow us to efficiently search for unknown nitrifiers in a targeted way, evaluate their ecological importance and test
the hypothesis that organisms capable of catalyzing both
steps of nitrification may exist. For nonmodel nitrifiers we
will also develop a unique forward genetic approach by a
combination of single cell tools to reveal the genetic basis
of key nitrifier metabolic features like the production of the
signature lipid crenarchaeol or accelerated growth in the
presence of particular organic compounds. Together, the
genomic, metabolic, ecophysiological and genetic data
promise unprecedented insights into the biology of nitrifying microbes and open new conceptual horizons for
the study of microbes in their natural environments.

Michael WAGNER
Faculty of Life Sciences,
University of Vienna

Postdoctoral fellow
at the Northwestern University, Evanston,
USA, financed by a DFG research fellowship
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Eberhard Widmann
Hyperfine Structure of Antihydrogen

A

ntihydrogen is the simplest atom consisting
entirely of antimatter. Since its hydrogen counterpart is one of the most precisely measured
atoms in physics, a comparison of antihydrogen and hydrogen offers one of the most sensitive tests
of CPT symmetry. CPT, the successive application of
charge conjugation, parity and time reversal transformation is a fundamental symmetry conserved in the standard
model (SM) of particle physics as a consequence of a mathematical theorem. The conditions for this theorem to be
fulfilled are not necessarily valid any more in extensions of
the SM like string theory or quantum gravity. Furthermore,
even a tiny violation of CPT symmetry at the time of the big
bang could be a cause of the observed antimatter absence
in the universe. Thus the observation of CPT violation might
offer a first indication for the validity of string theory, and
would have important cosmological consequences.

This project proposes to measure the ground state hyperfine splitting (HFS) of antihydrogen (HBAR), which is
known in hydrogen with relative precision of 10 –12. The
experimental method pursued within the ASACUSA collaboration at CERN-AD consists of the formation of an antihydrogen beam and a measurement using a spin-flip

cavity and a sextupole magnet as spin analyser like it was
done initially for hydrogen. A major milestone was
achieved in 2010 when antihydrogen was first synthesized
by ASACUSA. In the first phase of this proposal, an antihydrogen beam will be produced and the HBAR-HFS will be
measured to a precision of around 10 –7 using a single
microwave cavity. In a second phase, the Ramsey method
of separated oscillatory fields will be used to increase the
precision by about one order of magnitude. In parallel
metho ds will be developed towards trapping and laser
cooling the antihydrogen atoms. Letting the cooled
antihydrogen escape in a field free region and perform
microwave spectroscopy offers the ultimate precision
achievable to measure the HBAR-HFS and one of the
most sensitive tests of CPT.
The proposed experiment will be the first ever hyperfine
spectroscopy experiment of an atom consisting purely of
antimatter. The ground-state hyperfine structure offers one
of the most sensitive tests of CPT symmetry, whose
invest igation is of extreme importance in searching for
new physics beyond the current understanding of particle
physics and a possible source of the antimatter absence
in the universe.

Eberhard Widmann
Stefan Meyer Institute for
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Academy of Sciences
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