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The European Science Foundation (ESF) is an independent, non-governmental organisation of national research 
organisations.
Our strength lies in the membership and in our ability to bring together the different domains of European 
science in order to meet the scientific challenges of the future. ESF’s membership currently includes 77 influential 
national funding agencies, research-performing agencies and academies from 30 nations as its contributing 
members.
Since its establishment in 1974, ESF, which has its headquarters in Strasbourg with offices in Brussels and 
Ostend, has assembled a host of research organisations that span all disciplines of science in Europe, to create 
a common platform for cross-border cooperation.
We are dedicated to supporting our members in promoting science, scientific research and science policy 
across Europe. Through its activities and instruments ESF has made major contributions to science in a global 
context. The ESF covers the following scientific domains:
• Humanities
• Life, Earth and Environmental Sciences
• Medical Sciences
• Physical and Engineering Sciences
• Social Sciences
• Marine Sciences
• Nuclear Physics
• Polar Sciences
• Radio Astronomy Frequencies
• Space Sciences
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Summary

Confined condensate and flux in superconductors will 
be investigated at nanoscale by using various con-
finement patterns introduced artificially in the form of 
individual nanocells, their clusters and huge arrays. 
The dependence of the quantisation effects on the con-
finement length scale and the geometry will be studied. 
The boundary conditions, defining the confinement 
potential, will be tuned by using the hybrid supercon-
ductor/normal and superconductor/magnet interfaces.

The evolution of superconductivity at nanoscale 
will be revealed by determining the size dependence of 
the superconducting critical temperature and the gap 
in mass selected clusters and nanograins and also by 
doing comparative studies of superfluidity in different 
restricted geometries.

Flux confinement by arrays of magnetic dipoles and 
other periodic pinning arrays in superconductors will 
be investigated. By tailoring the confinement, physical 
properties of the confined condensates and flux can 
be designed starting from the fundamental Ginzburg-
Landau equations (including their generalisation to two 
component order parameters) and applying them to the 
real samples with the boundary conditions imposed at 
the physical sample’s boundary.

This research will reveal the fundamental relations 
between quantised confined states and the physical 
properties of the superconducting quantum coherent 
systems, which will be also of importance for other sci-
entific fields (superconducting elements for quantum 
computing, nanoelectronics, hydrodynamics, liquid 
crystals, plasmas).

The ESF-NES Programme and similar programmes 
in Japan and the USA together form the Global 
Research Networking, ‘Nanoscience and Engineering 
in Superconductivity – NES’. 

The running period of the ESF NES Research Net-
working Programme is for five years from May 2007 to 
May 2012.



4  |  Nanoscience and Engineering in Superconductivity (NES)

Scientific Context

the crossover between the bulk superconducting 
regime and the fluctuation-dominated superconductiv-
ity regime. For comparison, superfluidity in nanopores 
will also be studied as a function of the size of the 
nanopores. 

• �Superconductivity in hybrid superconducting, 
normal (SN) and superconducting magnet (SM), 
nanosystems with tuneable boundary conditions

Confined condensate will be studied in superconduct-
ing nano-islands surrounded by normal metallic or 
magnetic material. The role of proximity effects and the 
Andreev reflection in modifying the transparency of the 
sample boundaries will be revealed. The variation of the 
superfluid density near the boundary will be mapped by 
using the local scanning tunnelling spectroscopy (STS) 
techniques. Different vortex configurations, including 
those with symmetry-induced antivortices, and their 
dynamics will be investigated in individual nanostruc-
tures of different geometries. Here we expect to find 
the strong effect of the specific boundary conditions on 
confined flux and condensate. 

• �Confined flux in nanostructured super­
conductors and hybrid SN and SM nanosystems

Three different types of nanostructured superconduc-
tors will be investigated: individual nanocells of different 
topology, their clusters and huge arrays. By using local 
probe techniques, such as STM and the scanning 
Hall-probe microscope, the distributions of the order 

Nanoscale confinement phenomena have recently 
become the focus of modern condensed matter phys-
ics, and very intense research on confined condensates 
has already begun across the world. This brings us to 
the main objective of the proposed programme: to 
investigate the effect of the nanoscale confinement 
of condensate and flux on superconductivity in 
order to reveal its nanoscale evolution and to deter­
mine the fundamental relations between quantised 
confined states and the physical properties of 
these systems, enabling ‘quantum design’ of their 
properties.

Along the line of the main objective, the proposed 
research will be focused on the following topics: 
• �Evolution of superconductivity at nanoscale, 

superfluidity in restricted geometries
The correlation between the nanograin size and the 
superconducting gap and the critical temperature Tc 
will be investigated theoretically and experimentally. 
We will systematically reduce the characteristic size of 
superconducting grains and clusters in order to reveal 

Figure 1: The superconducting (T < Tc ) and normal state (T > Tc
 ) 

of a superconductor. At high temperatures, the material is in the 
normal state (right side of the figure) and the carriers are scattered. 
As such, a resistance is observed as can be seen from the R vs. T 
curve (middle graph). Once the temperature drops below the critical 
temperature Tc , a transition to the superconducting state occurs. 
Instead of electrons, now the carriers become Cooper pairs. The 
resistance drops to zero, and simultaneously a diamagnetic state 
occurs. In this diamagnetic state, all magnetic field is expelled from 
the body of the superconductor as can be seen from the bottom 
left side of the picture.

Figure 2: STM image of a vortex core in NbSe2. The inset shows  
the underlying atomic wave density, visible in the vortex core 
(Courtesy of Hermann Suderow, Madrid).
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parameter density and local magnetic fields will be 
mapped simultaneously and then compared with the 
calculations of these parameters based on the solution 
of the GL equations with the realistic boundary condi-
tions imposed though nanostructuring. Hybrid SN and 
SM arrays will be also studied. Magnetic dots will be 
used to generate local vortex-antivortex dipole loops, 
which will be strongly interacting with the flux lines in 
superconductors, creating a tuneable magnetic peri-
odic confinement. Different novel flux phases, including 
stable vortex-antivortex patterns, will be studied. Here 
we can anticipate a very interesting interplay between 
flux generated by an applied field and magnetic dipoles, 
which can substantially enhance flux pinning. Magnetic 
domains will be used to achieve vortex manipulation. 
Using the recent progress in nano-engineered pinning 
arrays in superconductors, similar structures can be 
made to confine flux in rotating superfluids. Keeping in 
mind that the coherence length for the 3He superfluids 
is much longer than for 4He, it seems to be much easier 
to fabricate periodic pinning arrays for 3He. Instead of 
antidots used in superconductors, an adequate choice 
here is the periodic array of nanopillars. Here we expect 
to discover novel flux phases, which are otherwise not 
stable in a reference superfluid without a periodic pin-
ning array.

• �Josephson effects and tunneling in weakly 
coupled condensates

We shall investigate a variety of Josephson phenomena 
and phase shifting effects in coupled superconducting 
condensates, where nanoscale coupling can be pro-
vided through an insulating, metallic or magnetic layer. 
Hybrid structures are essential here in order to tune the 

Figure 3: a) YBaCuO biepitaxial grain boundary Josephson junction 
as a function of the magnetic field (H). Measurements were taken  
at T=4.2 K and the interface angle orientation was q=60°.  
b) Scheme of the grain boundary biepitaxial junction. Different 
interface orientations can be selected through a suitable patterning 
of the seed layer (Courtesy of Francesco Tafuri, Naples).

coupling strength. These phenomena will be compared 
with Josephson effects in coupled superfluids.

• �Fundamentals of fluxonics, superconducting 
devices

We will study the devices that control the motion of flux 
quanta in superconductors and could address a central 
problem in many superconducting devices; namely, the 
removal of trapped magnetic flux that produces noise. 
The controllable vortex motion will be used in nanos-
tructured superconductors for making pumps, diodes 
and lenses of quantised magnetic flux. Vortex ratchets 
effects will be studied and then used to achieve vortex 
manipulation.

 

Figure 5: Superconducting Flux Qubit with Andreev read-out and 
antennae (Courtesy of V. Petrashov, London).

a)

b)

Figure 4: Nanoscale Y-Ba-Cu-O step-edge Josephson junction 
(Courtesy of R. Wördenweber, FZJ, Jülich).
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One of the important aspects of this work is to 
investigate superconducting nanostructured mate-
rials for which the confinement of the condensate 
inside the samples can be controlled by imposing the 
proper boundary conditions for the order parameter 
at the nanofabricated boundaries. Remarkably, the 
order parameter, the analogue of the wave function for 
normal quantum mechanical systems, obeys the Ginz-
burg-Landau equations, which play a role similar to that 
of the Schrödinger equation. This gives a theoretical 
background for proving the feasibility of the fundamen-
tals of the quantum design and nano-engineering of 
the superconducting critical parameters. The concept 
of quantum design is now the backbone for developing 
new elements and systems for microelectronics and 
information technology (quantum computing, SQUIDS 
with improved sensitivity, sensors, etc.).

Summarising the proposed tasks, the core of the 
NES – ESF project will be focused on the devel-
opment of the fundamental principles of the 
‘quantum design’ of the superconducting critical 
parameters through the optimisation of the flux 
and condensate confinement. The nanoscale evo-
lution of superconductivity will be investigated. In 
individual superconducting nanostructures, topol-
ogy- and geometry-dependent critical fields, as 
well as symmetry-induced antivortices in single 
and two-component order parameter systems will 
be investigated. In nanostructured superconduc-
tors a rich variety of novel flux phases and patterns 
will be studied in order to master vortex behaviour 
and develop fundamentals of fluxonics. Supercon-
ducting elements for quantum computing will be 
designed and investigated.

Scientific Context 

Figure 6: Nanoscale Josephson junction fabricated by focused ion 
beam (Courtesy of P. Warburton, University College, London).

Figure 7: Nanostructured superconducting thin films produced  
by MBE and laterally structured via E-beam lithography.  
This design of the antidot lattices allows controlled vortex pinning  
(Courtesy of Victor V. Moshchalkov, Leuven).
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In order to successfully carry out the planned joint 
research, the integration of the research facilities of 
the NES teams will be achieved at five different levels 
via a European Virtual Institute (EVI): 

• �Integration of modern sample preparation and 
nanostructuring techniques (level 0)

Molecular Beam Epitaxy (MBE), Sputtering, Thermal 
evaporation, Laser ablation, Clean Room, Reflection High 
Energy Electron Diffraction (RHEED), Auger spectrosco-
py, Infrared Spectra, X-ray Photoelectron Spectroscopy 
(XPS), Energy Dispersive X-Ray Spectroscopy (EDS), 
Rutherford Backscattering Spectrometry (RBS), E-beam 
lithography, Ion beam etching, Scanning Tunnelling Mi-
croscopy (STM) writing, Bottom -up methods of self as-
sembly, X-ray diffraction, Ion Implanter, Irradiation.

• �Integration of local probing techniques enabling 
vortex visualisation and condensate wave 
function mapping with a nanoscale resolution 
(first level)

Local techniques are a key factor for achieving the sci-
entific objectives, since these technologies provide an 
important microscopic information: (Low Temperature) 
STM, (Low Temperature) Scanning Tunnelling Spectros-
copy (STS), Force Microscopy (FM), Low Temperature 
Laser Microscopy (LT laserM), Low Temperature Electron 
Microscopy (LTEM), Scanning Electron Micropscopy 
(SEM), Micro-Raman, Scanning Hall Probe or (array) 
Hall micro-magnetometry, Magnetic decoration, Scan-
ning Superconducting Quantum Interference Device 
(Scanning SQUID), Magneto-Optical Imaging (MOI), 
Low energy muon spin rotation (LE-µSR), Transmission 
Electron Microscopy (TEM).

Facilities and expertise which will be accessible  
within the ESF-NES Programme

• �The next level of the shared research facilities  
is bulk integrated response (second level)

The techniques needed for the experimental studies on 
nanostructured superconductors are:
SQUID, Vibrating Sample Magnetometry (VSM), Torque 
Magnetometry, AC-susceptibility, Noise measurements, 
MOKE, Thermal conductivity, Electrical transport mea
surements (including high frequency responses), Ultra 
Low Temperature Systems, Ultrasonic resonance, Spe-
cific heat, Neutron scattering, Synchrotron radiation, 
Far-infrared magneto-optics (FIR-MO), Nuclear Magnetic 
Resonance (NMR).

• �A test platform for the development  
of new applications (third level)

Josephson junctions technology, Ultra sensitive SQUID 
magnetometers, Superconducting SC – qubits, flux –log-
ics -lenses -diodes –transistors.

• �The theoretical methods and techniques will be 
integrated in order to interact continuously with 
the experimental NES teams (fourth level)

The most important approaches describing the physics 
of individual nanostructured superconductors are:
Bardeen-Cooper and Schrieffer (BSC), (Time Depen
dent) Ginzburg-Landau (TD)GL, Bogolubov-de-Gennes, 
Richardson’s approach to the solution of the BCS Hamil
tonian, Molecular dynamics simulations, Group theory 
and Topology, Monte Carlo simulations, bosonisation, 
renormalisation group calculations, Keldysh-formalisms, 
Sine-Gordon-Equation. 
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Conferences and Workshops

Grants

The NES Programme supports two types of grants: 

• �Short Visits (There is no deadline for submitting such 
applications). 

• �Exchange Grants: Deadlines for submitting applica-
tions: 1 September, 1 December, 1 March, 1 June.
All applications should be submitted via the online 
application form and using the guidelines: 
http://www.kuleuven.be/inpac/nes 
Priority will be given to applications where the institu-
tions involved are in countries that financially support 
the programme.

Within NES, the following activities are planned: 

• �NES Workshops (at least one focused workshop per 
year) and Conferences (1st, 3rd and 5th year).

• �Organisation of Workshops/Conferences in a 
School format thus giving an opportunity to young 
researchers and PhD students to learn efficiently 
about the main trends and the latest achievements. 

• �Organisation of several Joint ESF-JSPS-USA 
events with support from the JSPS and the USA for 
the participation of scientists from those countries in 
the NES-ESF events

For a regular update on these activities, please refer to 
our website: http://www.kuleuven.be/inpac/nes 

Eligibility 
• �Undertake work applicable to the Programme.
• �Apply to stay in a European country other than the 

country of origin.
• �Return to the institute of origin upon termination, so 

that the applicant’s institution may also benefit from 
the broadened knowledge of the scientist.

• �Acknowledge ESF in publications resulting from the 
grantee’s work in relation with the grant
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Funding NES Steering Committee

ESF Research Networking Programmes are principally 
funded by the Foundation’s Member Organisations on 
an à la carte basis. NES is supported by:
• �Fonds zur Förderung der wissenschaftlichen 

Forschung (FWF) 
Austrian Science Fund, Austria

• �Fonds voor Wetenschappelijk Onderzoek — 
Vlaanderen (FWO)
Research Foundation Flanders, Belgium

• �Akademie věd České republiky (ASČR)
Academy of Sciences of the Czech Republic,  
Czech Republic

• �Grantová agentura České republiky (GAČR) 
Czech Science Foundation, Czech Republic

• �Forskningsrådet for Natur og Univers (FNU)
Natural Science Research Council, Denmark

• �Eesti Teadusfond (ETF)
Estonian Science Foundation, Estonia

• �Suomen Akatemia/Finlands Akademi
Academy of Finland, Finland

• �Deutsche Forschungsgemeinschaft (DFG)
German Research Foundation, Germany

• Consiglio Nazionale delle Ricerche (CNR)
National Research Council, Italy

• �Nederlandse Organisatie voor Wetenschappelijk 
Onderzoek (NWO)
Netherlands Organisation for Scientific Research, 
The Netherlands

• �Norges Forskningsråd
Research Council of Norway, Norway

• Agentúra na podporu výskumu a vývoja (APVV)
Slovak Research and Development Agency,  
Slovak Republic

• �Consejo Superior de Investigaciones Científicas 
(CSIC)
Council for Scientific Research, Spain

• �Comisión Interministerial de Ciencia  
y Tecnología (CICYT)
Interministerial Committee on Science  
and Technology (MEC), Spain

• �Vetenskapsrådet (VR)
Swedish Research Council, Sweden

• �Schweizerischer Nationalfonds (SNF)
Swiss National Science Foundation, Switzerland

• �Engineering and Physical Sciences Research 
Council (EPSRC)
United Kingdom

Professor Victor Moshchalkov (Chair)
Institute for Nanoscale Physics and Chemistry 
Katholieke Universiteit Leuven
Celestijnenlaan 200 D 
3001 Leuven
Belgium 
Tel: +32 16 32 76 18 
Fax: +32 16 32 79 83 
Email: victor.moshchalkov@fys.kuleuven.ac.be

Professor Jan Aarts
Kamerlingh Onnes Laboratorium 
POB 9504
Niels Bohrweg 2 
2300 RA Leiden 
The Netherlands 
Tel: +31 71 5275478 
Fax: +31 71 5275404 
Email: aarts@physics.leidenuniv.nl

Professor Antonio Barone
University of Naples „Frederico II“
Department of Physical Sciences 
Piazzale Tecchio 80
80125 Naples
Italy 
Tel: +390 81 76 84 416, 
Fax: +390 81 23 91 821 
Email: barone@axpna1.na.infn.it 

Professor Simon Bending
Department of Physics 
University of Bath 
Claverton Down 
BA2 7AY Bath
United Kingdom
Tel: +44 1225 385173 
Fax: +44 1225 386110 
Email: pyssb@bath.ac.uk 

Professor Øystein Fischer
Department of Condensed Matter Physics 
University of Geneva 
Quai E.-Ansermet 24 
1211 Geneva 4
Switzerland 
Tel: +41 22 369 62 70 
Fax: +41 22 379 68 69 
Email: oystein.fischer@physics.unige.ch
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Slovak Republic
Tel: +421 55 6228158 
Fax: +421 55 6228158 
Email: samuely@saske.sk

Professor Asle Sudbø
Norwegian University of Science and Technology 
Department of Physics 
7034 Trondheim
Norway 
Tel: +47 73 59 34 03  
Fax: +47 73 59 36 28 
Email: asle.sudbo@ntnu.no

Professor Sebastian Vieira 
Laboratorio de Bajas Temperaturas 
Instituto Nicolas Cabrera 
Universidad Autonoma de Madrid 
28049 Madrid
Spain 
Tel: +34 1 39 74 735 
Fax: +34 1 39 73 961 
Email: sebastian.vieira@uam.es 

Professor Dag Winkler
Chalmers University of Technology 
412 96 Göteborg 
Sweden 
Tel: +46 31 772 34 74 
Fax: +46 31 772 34 71 
Email: winkler1@chalmers.se

Professor Roger Wördenweber
Forschungzentrum Jülich 
52425 Jülich 
Germany 
Tel: +49 2461 61 2365, 
Fax: +49 2461 61 2940 
Email: r.woerdenweber@FZ-juelich.de

NES Programme Scientific Secretary:

Professor Johan Vanacken 
Institute for Nanoscale Physics and Chemistry 
Katholieke Universiteit Leuven
Celestijnenlaan 200 D 
3001 Leuven 
Belgium 
Tel: +32 16 32 71 98 
Fax: +32 16 32 79 83 
Email: johan.vanacken@fys.kuleuven.ac.be 

NES Steering Committee

Dr. Enno Joon
National Institute of Chemical Physics  
and Biophysics 
Akadeemia tee 23
12618 Tallinn
Estonia 
Tel: +372 639 8354 
Fax: +372 670 3662 
Email: enno@kbfi.ee 

Dr. Jan Kolacek
Institute of Physics 
ASČR
Cukrovarnicka 10 
162 53 Prague 6 
Czech Republic 
Email: kolacek@fzu.cz 

Professor Wolfgang Lang
Faculty of Physics 
Electronic Properties of Materials 
Boltzmanngasse 5 
1090 Wien
Austria 
Tel: +43 1 4277-51420,  
Fax: +43 1 4277-51423 
Email: wolfgang.lang@univie.ac.at

Professor Niels Falsig Pedersen
Oersted-DTU
Technical University of Denmark 
ELTEK, build 325 
2800 Lyngby
Denmark 
Tel: +45 45253800 or direct +45 45253297, 
Fax: +45 45886111 
Email: nfp@oersted.dtu.dk

Professor Mikko Saarela 
Department of Physical Sciences 
Division of Theoretical Physics 
University of Oulu
PO Box 333 
90571 Oulu
Finland 
Tel: +358 8 553 1877  
Fax: +358 8 553 1884 
Email: mikko.saarela@oulu.fi

Professor Peter Samuely 
Institute of Experimental Physics 
Slovak Academy of Sciences 
Department of Low Temperature Physics 
Park Angelinum 9
04154 Kosice
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ESF Liaison

Dr. Patrick Bressler
Science 
Ms. Carole Mabrouk
Administration

Physical and Engineering Sciences Unit (PESC)
European Science Foundation
1 quai Lezay-Marnésia
BP 90015
67080 Strasbourg cedex
France
Tel: +33 (0)3 88 76 71 69
Fax: +33 (0)3 88 37 05 32
Email: cmabrouk@esf.org

For the latest information on this Research 
Networking Programme consult the NES websites:
www.esf.org/nes
www.kuleuven.be/inpac/nes
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