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The European Science

Foundation acts

as a catalyst

for the development

of science by bringing

together leading scientists

and funding agencies

to debate, plan and

implement pan-European

initiatives.

Towards Atomistic Materials Design
(Psi-k)
An ESF scientific programme

This programme concerns the rapidly

developing field of computer simulation and

focuses on the understanding of real

materials and the design of new materials

with improved properties and functionalities.

The calculations are referred to as ‘ab initio’

or ‘first principles’ calculations because they

use no adjustable parameters to solve the

basic equation of quantum mechanics: the

Schrödinger equation for the interacting

electron system in a solid. These calculations

can be applied to all condensed matter

systems, ranging from metals and

semiconductors to nanostructures, materials

in the Earth’s core or biological systems

such as proteins.

Psi-k aspires to encompass the whole ab-

initio community of Europe, which, as a

rough estimate, consists of about 2000

scientists, including PhD and master

students. At present, Europe is the world’s

leader in the field, ahead of the US and

Japan.

The programme is organised around

15 topical working groups. In order to deal

with the sophisticated methodology, the

rapid growth in applications and to train

young researchers in the field, the

programme organises each year

approximately 17 workshops, hands-on

computer courses and summer schools.
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Introduction

It is now well established that on the

nanoscale, i.e. on the scale of an

individual atom, all physical properties

are governed by the laws of quantum

mechanics, which replace the classical

mechanics valid for macroscopic

systems. The quantum mechanical

equations are not only important for

atomistic problems, but also determine

the macroscopic behaviour of materials

such as the elastic, dielectric or optical

properties. It is only recently that the

extremely complicated equations

involving a sufficiently large number of

atoms can be solved on powerful

computers, so that important properties

can be calculated ab initio from the

underlying laws of quantum mechanics

without adjustable parameters. Naturally,

this has revolutionised electronic

structure research since laboratory

experiments cannot easily ‘see’ or

manipulate individual atoms. Theory is

now able to supplement and, in certain

cases, even replace traditional

experiments. Therefore the field of ab

initio calculations is rapidly expanding

and applied to a large spectrum of

problems in condensed matter physics,

chemistry, material science and even

biology, is a spectrum which is

continuously broadening. The foundation

of this field was laid by Walter Kohn, for

which he was awarded the 1998 Nobel

Prize in Chemistry.

Today Europe is the world leader in this

field, ahead of the USA and Japan.

However, the research in Europe is more

fragmented than in those countries and in

need of a long-term networking

infrastructure to foster better

communications and cooperations. Such

networking is not only required by

researchers at isolated locations, often in

smaller countries, but also by the large

research centres, to maintain world

leadership. This important task is the aim

of the present ESF Psi-k Programme,

which serves the whole European ab

initio community in condensed matter.

The activities of Psi-k include:

. a bi-monthly electronic newsletter

. approximately 15 topical workshops

per year

. on average 3 summer schools or

computer tutorials per year

. an international conference (Psi-k

2005) every four to five years

. short visits for in depth consultations

and secondments.

The structure (left) and spin density distribution (right)
of a molecular magnet, i.e. a «ferric wheel»
molecule with six Fe atoms. The right figure illustrates
the antiferromagnetic coupling of the Fe-moments
(Andrei V. Postnikov, Jens Kortus and Mark R.
Pederson, Ψ k-Newsletter 61, p. 151 (2004)).
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Research field

In the past, a large part of atomistic

calculations was done with empirical

models, using pair-wise interaction

potentials between atoms or by

simulating the bonding of the electrons

by glue-models or so-called ‘embedded

atom potentials’. While these approaches

have many advantages, the potentials

contain many parameters which are fitted

to experimental data. Thus, only the

solution of the quantum mechanical

Schrödinger equation, describing

electrons moving in the field of the

nuclei, can overcome this problem,

allowing calculations where the nuclear

charge characterising the individual

atoms is, at least in principle, the only

input parameter.

The last two decades have witnessed an

enormous progress in the development of

density functional theory-based

calculations. This was partly because of

the availability of faster and cheaper

computers, in particular the introduction

of fast workstations and PCs. To an even

larger extent the progress was achieved

by new calculational concepts and

strategies, which strongly increased the

The figure shows the one-
electron eigenstates of an
147-atom Au cluster, which
can be characterized by the
angular momentum
symmetries of the cluster
(Courtesy of Young-Loo Lee,
Helsinki University of
Technology).

The research field originates from the

density functional theory development

postulated by Walter Kohn in 1964-65.

However, it took more than ten years

before the importance of this theory and

its tremendous potential for materials-

specific research was fully realised. It

soon became clear that the accuracy of

the solutions of the so-called ‘Kohn-Sham’

equations would be of great relevance to

both research and applications.
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The constant current spin-polarized scanning
tunnelling microscopy of an antiferromagnetic Mn
monolayer on a W(110) surface. Using a magnetic
tip one can measure a spin polarized STM image
(see calculated height profile) showing one kind of
Mn-atoms (red) as hills and the other one (green) as
valleys, i.e. a direct image of the anti-ferromagnetic
structure (Courtesy of Stefan Heinze and Stefan
Blügel; Science 288, 1805 (2000)).

number of atoms that can be handled. At

present the activities of the network cover a

broad range of problems in condensed

matter physics, chemistry and material

science.

One can identify two new trends in our

work that have become increasingly

prominent in the last years and which will

characterise our activities in the

foreseeable future. One is to apply our

methods to new materials, such as

biological systems and nanostructures

where a real understanding of the

atomistic properties can be provided only

by the solution of the quantum

mechanical Schrödinger equation. For

example, the study of transport in

nanostructures, of relevance for

information technology, necessitates a

realistic description – by the ab initio

methods – of tunnel junctions, molecular

systems and nanotubes. The second

important trend is the development of ab

initio methods for systems with strong

electron-electron correlations. The

experience with density functional theory

calculations has exposed serious

shortcomings of the ‘local density

approximation’ in systems where the

motion of the electrons is strongly

correlated. Three of our working groups

are addressing this problem. Thus, at

present, the Psi-k Programme is

expanding its research both in width and

depth.

European dimension

The traditional fragmentation of Europe

is one of the biggest problems for

European research. As an umbrella

network, the ESF Psi-k Programme tries

to embody all European activities in

electronic structure calculations. Because

of the increasing importance of ab initio

calculations we estimate that at present

about 2 000 scientists, including PhD and

master’s students, work in Europe in this

field.

Historically, the present activities started

in the 1980s in Trieste with the workshop

series entitled Total Energies and Forces.

The year 1993 marked the start of an
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The Programme supports all the training

and networking activities of its members.

However, what is not provided is

financial support for continuity in code

development and maintenance, in

particular cleaning up the code and

making it user-friendly. Yet this is an

extremely important activity if we want

to disseminate the highly sophisticated

codes to the community and in particular

to experimental and industrial scientists.

Unfortunately it is not sufficiently

realised that this is of equal importance

as hardware infrastructure.

From 1 April 2004, Peter Dederichs,

Research Centre Jülich, became the new

chair of the Psi-k Programme. The

previous chair, Volker Heine from the

University of Cambridge, will duly serve

the Programme as vice-chair with special

emphasis on funding.

EU-HCM network on ab initio

calculations, and with this the introduction

of the Psi-k Newsletter. This was

succeeded in 1998 by the ESF Programme

on Electronic Structure Calculations

(STRUC-Ψ
k
) and from 2003 the current

ESF Programme Towards Atomistic

Materials Design (Psi-k). The underlying

aim of all these activities was to unify

Europe in our field and to make it the

international leader. It is fair to say that

to a large extent both objectives have

been achieved. The two ESF Programmes

have been vital in accomplishing this.

The primary objective of the present

Programme is to maintain and enhance

the lead that Europe still holds by

promoting research excellence and

encouraging collaborations and the

sharing of ideas, expertise and computer

codes. Our field is currently in a state of

strong growth and there are no signs that

this will change in the foreseeable future.

The Programme is structured around 15

topical working groups covering the

whole field of ab initio calculations. The

working groups as well as individual

scientists make proposals for networking

activities such as workshops and tutorials

which have to be approved by the

Steering Committee at its yearly

meetings. Some of the working groups

also participate in EU-funded research

training networks or networks of

excellence.

Constant current mode STM image for an applied
bias of +/- 1.5eV of a  filled Boron-nitride
nanotube: either with a C(5,5) tube or with a
fullerene inside («peapod»  BN(10,10)@C60).  Red,
blue and green balls denote B, N and C atoms,
respectively. It is seen that for negative bias
(mapping of occupied states) the STM images show
clear protrusions at the N sites with no clear
signature of the filling material. Instead for positive
bias we see states within the BN-band gap, those
are specific signature of the filling of the tube (with
either a carbon nanotube (a) or a fullerene (b)).
(Courtesy of Angel Rubio, DIPC San Sebastian).
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Activities of the Psi-k Programme

. Superconductivity and Bogoliubov-de

Gennes Equations

. Ab initio Many-Body Theory for

Correlated Electron Systems

. First Principles Simulations in

Mineral Sciences

. Electronic Excitations in Nanoscience

. Electronic Structure of Light Actinides

. Transport in Molecular Systems

. Ab initio Excitation Theory for

Biological Systems

. The Nature of Hydrogen Bonding and

Density Functional Theory

. Electronic Structure Simulations of

Nanostructures

. Ab initio Design of Structural

Materials

. Dilute Magnetic Semiconductors

. Advances in Theory of Nanotubes

. Workshop and School on Time

Dependent Density Functional Theory

. Three workshops on KKR, FLAPW

and ABINIT methods

Hands-on computer courses and
summer schools
As an important vehicle for transferring

knowledge and the sophisticated

computer codes in our network to young

researchers inside and outside our

community, Psi-k strongly encourages

hands-on courses and summer schools on

various topics in the field.

In 2003 and 2004 the following schools

and courses were organised:

. Summer school on New Magnetics,

Poznan, 15-19 September 2003

. XIII Workshop on Computational

Materials Science, Sardinia,

13-18 September 2003

. XIV Workshop on Computational

Materials Science, Sardinia,

18-23 September 2004

. Hands-on Course: Continuum

Quantum Monte Carlo Method,

Trieste, 12-23 January 2004

. Hands-on Workshop: Application of

Density-Functional Theory in

Newsletter
Psi-k publishes bi-monthly the fully

electronic ‘Ψ
k
-Newsletter’ which is

distributed to more than

1 300 e-mail addresses. The newsletter

typically has more than 100 pages and

has established itself as the primary

medium for distributing information

about conferences, workshops, training

courses, summer schools as well as

positions available in the field for

postdocs and PhD students. In addition it

contains the reports on all ESF (and of

related EU Network) workshops in the

field. Every issue contains a scientific

highlight presenting recent outstanding

results in our field.

Workshops
The most important activity of Psi-k is

the organisation of topical workshops.

This is clearly the most efficient way of

transferring information across the

network and getting collaborations

started. In 2003 and 2004, network

members organised in total 28 workshops

covering a very broad spectrum of

condensed matter physics.

Some of the workshop topics were:

. Nanoelectronics and Spindependent

Transport
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Condensed Matter Physics, Surface

Physics, Chemistry, Engineering and

Biology, Berlin, 21-30 July 2003

. Psi-k-CECAM Tutorial on Linear

Scaling of Density Functional

Calculations with Local Orbitals,

Lyon, 9-13 September 2003

Psi-k 2005 Conference
Following the success of Psi-k 1996 and

Psi-k 2000, the network is organising its

third international conference Psi-k 2005

in Schwaebisch-Gmuend, Germany,

17-21 September 2005. More than 500

participants have registered. Worldwide,

this is the only international conference

in the field of ab initio electronic

structure calculations.

The newsletter and information on all

networking activities is available at the

Psi-k website (http://psi-k.dl.ac.uk).

Reports of all workshops, tutorial

courses, summer schools and scientific

highlights are published in the

newsletter.

Funding

ESF scientific programmes are principally

financed by the Foundation’s Member

Organisations on an à la carte basis.

Psi-k is supported by:

Fonds zur Förderung der Wissenschaft-

lichen Forschung, Austria; Fonds voor

Wetenschappelijk Onderzoek - Vlaanderen,

Belgium; Fonds National de la Recherche

Scientifique, Belgium; Akademie věd

Ceske republiky, Czech Republic;

Grantová agentura Ceské republiky,

Czech Republic; Statens Naturvidens-

kabelige Forskningsråd, Denmark;

Suomen Akatemia/Finlands Akademi,

Finland; Centre National de la Recherche

Scientifique, France; Max-Planck-

Gesellschaft, Germany; Országos

Tudományos Kutatási Alapprogramok,

Hungary; Magyar Tudomanyos

Akademia, Hungary; Enterprise Ireland,

Ireland; Istituto Nazionale per la Fisica

della Materia, Italy; Nederlandse

Organisatie voor Wetenschappelijk

Onderzoek, Netherlands; Polska Akademia

Nauk, Poland; Slovenska Znanstvena

Fundacija, Slovenia; Consejo Superior

de Investigaciones Científicas, Spain;

Oficina de Ciencia y Tecnologia, Spain;

Vetenskapsrådet, Sweden; Schweizerischer

Nationalfonds zur Förderung der

wissenschaftlichen Forschung, Switzerland;

Engineering and Physical Sciences

Research Council, United Kingdom.

ˇ

ˇ
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Research Centre Juelich
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E-mail: p.h.dederichs@fz-
juelich.de

Prof. Volker Heine
(Vice-Chair)
Cavendish Laboratory (TCM)

Cambridge University

Madingley Road

Cambridge CB3 0HE

United Kingdom

Tel: +44 1223 33 72 58
Fax: +44 1223 33 73 56
E-mail: vh200@cam.ac.uk

Prof. Walter Temmerman
(Scientific Secretary)
CLRC

Warrington WA4 4AD

United Kingdom

Tel: +44 1925 603227
Fax: +44 1925 603634
E-mail:
W.M.Temmerman@dl.ac.uk

Dr. Stefaan Cottenier
Instituut voor Kern-

en Stralingsfysica

KU Leuven

Celestijnenlaan 200D

3001 Heverlee

Belgium
Tel: +32 16 32.72.59
Fax: +32 16 32.79.85
E-mail: Stefaan.Cottenier@
fys.kuleuven.ac.be

Prof. Hugues Dreysse
IPCMS-GEMME

BP 20 Cr

23 rue du Loess

67037 Strasbourg cedex

France

Tel: +33 3 88 10 70 83
Fax: +33 3 88 10 72 49
E-mail: Hugues.Dreysse@ipcms.
u-strasbg.fr

Prof. Olle Eriksson
Department of Physics

Uppsala University

Box 530

751 21 Uppsala

Sweden

Tel: +46 18 471 36 25
Fax: +46 18 471 35 24
E-mail: olle@fysik.uu.se

Prof. Michael William Finnis
Department of Physics

Queen’s University

University Road

Belfast BT7 1NN

United Kingdom

Tel: +44 2890 335 330
Fax: +44 2890 241 958
E-mail: m.finnis@qub.ac.uk

Prof. Jürgen Hafner
Institut für Materialphysik

Centre for Computational

Materials Sciences (CMS)

Universität Wien

Sensengasse 8/12

1090 Wien

Austria
Tel: +43 1 4277 51400
Fax: +43 1 4277 9514
E-mail:
Juergen.Hafner@univie.ac.at

Prof. Paul J. Kelly
Faculty of Science and

Technology

Computational Materials

Science

University of Twente

P.O. Box 217

7500 AE Enschede

Netherlands

Tel: +31 53 489 3166
Fax: + 31 53 489 2910
E-mail: P.J.Kelly@tn.utwente.nl

Prof. Adam Kiejna
Institute of Experimental

Physics

University of Wroclaw

pl. Maxa Borna 9

50204 Wroclaw

Poland

Tel: +48 71 201 267
Fax: +48 71 214 454
E-mail: kieja@ifd.uni.wroc.pl

Dr. Anton Kokalj
Department of Physical

and Organic Chemistry

“Jozef Stefan” Institute

Jamova 39

1000 Ljubljana

Slovenia

Tel: + 386 1 477 3523
Fax: +  386 1 477 3811
E-mail: Tone.Kokalj@ijs.si

Prof. Janos Kollar
Hungarian Academy

of Sciences

Research Institute for

Solid State Physics

POB 49

1525 Budapest

Hungary

Tel: +36 1 1697 599
Fax: +36 1 1551 193
E-mail: jk@szfki.hu

Prof. René Monnier
ETH-Hoenggerberg

8092 Zurich

Switzerland

Tel: +41 1 633 23 17
Fax: +41 1 633 10 77
E-mail:
monnier@solid.phys.ethz.ch

Prof. Risto M. Nieminen
Laboratory of Physics

Helsinki University of

Technology

P.O. Box 1100

02150 Espoo

Finland
Tel: +358 9 451 3105
Fax: +358 9 451 5067
E-mail: rni@fyslab.hut.fi

Dr. Pablo Ordejon
Institut de Ciencia de

Materials

De Barcelona - CSIC

Campus dela U.A.B.

08193 Bellaterra

Spain

Tel: +34 93 580 18 53,
x 274
Fax: +34 93 580 57 29
E-mail: ordejon@icmab.es

Dr. Charles Patterson
Trinity College

Department of Physics

University of Dublin

Dublin 2

Ireland

Tel: +353 1 702 1468
Fax: +353 1 711 759
E-mail:
Charles.Patterson@tcd.ie

Prof. Raffaele Resta
Dipartimento di Fisica

Teorica

Universita di Trieste

Strada Costiera 11

34014 Trieste

Italy

Tel: +39 040 224 0264
Fax: +39 040 224 601
E-mail: resta@trieste.infn.it

Prof. Axel Torstein Svane
Institute of Physics and

Astronomy

University of Aarhus

Ny Munkegade

8000 Aarhus C

Denmark

Tel: +45 8942 3678
Fax: +45 8612 0740
E-mail: svane@dfi.aau.dk

Dr. Ilja Turek
Academy of Sciences

of the Czeck Republic

Institute of Physics

of Materials

Zizkova 22

61662 Brno

Czech Republic
Tel: +420 5 72 68 437
Fax: +420 5 412 18 657
E-mail: turek@ipm.cz

For the latest information

on this programme consult

the Psi-k home page:

www.esf.org/psik or

http://psi-k.dl.ac.uk

Cover picture:
Stability of helical confirma-
tions. Under compressive or
tensile strain the twist of the
polyalanine a-helix is changed
leading to thicker or thinner
helices with different hydrogen
bonding patterns (Courtesy of
Joel Ireta, Martin Fuchs and
Matthias Scheffler, FHI Berlin).
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