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The European Science Foundation (ESF) was 
established in 1974 to create a common Euro-
pean platform for cross-border cooperation in all 
aspects of scientific research. 
With its emphasis on a multidisciplinary and pan-
European approach, the Foundation provides the 
leadership necessary to open new frontiers in 
European science.
Its activities include providing science policy 
advice (Science Strategy); stimulating co-operation 
between researchers and organisations to explore 
new directions (Science Synergy); and the adminis-
tration of externally funded programmes (Science 
Management). These take place in the following 
areas: Physical and Engineering Sciences; Medical 
Sciences; Life, Earth and Environmental Sciences; 
Humanities; Social Sciences; Polar; Marine; Space; 
Radio Astronomy Frequencies; Nuclear Physics.
Headquartered in Strasbourg with offices in Brus-
sels, the ESF’s membership comprises 75 national 
funding agencies, research-performing agencies 
and academies from 30 European countries.
The Foundation’s independence allows the ESF 
to objectively represent the priorities of all these 
members.

Introduction

AstroSim aims to bring together European compu-
tational astrophysicists working on a broad range 
of topics from the stability of the solar system to the 
formation of stars and galaxies. Understanding our 
origins and the formation of structure in the universe 
is a challenging multidisciplinary research activity that 
brings together observational, experimental and theo-
retical researchers with a broad range of expertise. The 
systems that we attempt to model are complex and 
involve a range of physical processes operating over 
enormous lengths and timescales. Computational 
techniques developed by researchers in Europe since 
the 1960s have played a central role in advancing this 
subject, developing theories for structure formation, 
testing cosmological models and solving the complex 
non-linear problems inherent in gravitational and hydro-
dynamical astrophysical processes. Understanding the 
strong interplay between different scales is essential 
for a complete theory and true understanding of the 
formation and evolution of astrophysical objects. Our 
aims are to strengthen the existing European activities 
in computational astrophysics, avoiding fragmentation 
as this field grows in strength and to exchange exper-
tise through an active programme of conferences, 
workshops, training schools and exchange visits. Our 
scientific objectives are to refine our computational 
techniques and multiscale modelling in order to develop 
and test theories of structure formation in readiness for 
the grand challenge European projects planned by ESO 
and ESA over the coming decades.

The running period of the ESF AstroSim Research 
Networking Programme is for five years from Septem-
ber 2006 to August 2011.

Cover Figure:  
The cover image shows the distribution of baryons  
in a 100Mpc^3 region of the universe. The simulation  
was carried out on the MareNostrum Supercomputer with  
the adaptive mesh code RAMSES by Romain Teyssier.

Funding opportunities from AstroSim

• �Conferences and workshops
• �Graduate and training schools
• �Short and long term visits
• �Exchange grants for young researchers
• �Lecture series
• �Sabbatical support

See www.astrosim.net for further details, deadlines 
and application forms.
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Computational Astrophysics & Cosmology:  
Context and Status Report

the fuelling of nuclear black holes, the formation of 
the first stars and instabilities in self-gravitating disks 
on different scales. Stellar evolution is now almost a 
closed subject, solved by complex numerical modelling 
of stellar structure and the appropriate physical proc-
esses. Notable problems also await solution, including 
the final stages of stellar evolution, the origin of Earth-
like planets, the long-term stability of the solar system, 
black hole formation and the interplay between black 
holes and accretion disks, the central evolution of 
dense stellar systems, star formation and the formation 
of galactic disks and the detailed properties of the ICM 
in galaxy clusters. Whilst theoreticians are still trying 
to understand how galaxies assemble themselves from 
the dark matter and baryons in the universe, observers 
are acquiring exquisite multiwavelength data for over 
a million galaxies. They have high resolution spectral 
information, colour maps, element abundances and 
kinematical data for individual galaxies. Theorists have 
not yet succeeded in making a realistic disk galaxy from 
first principles via direct simulation. Similar problems 
exist on other astrophysics scales. Whilst astronomers 
are cataloguing the properties of numerous extra-solar 
planetary systems, theorists have yet to form a single 
realistic solar system via computational techniques. 
Despite these difficulties, theorists are not so far behind 
and we believe that many of these problems will be 
solved in the coming decade if sufficient resources and 
support are provided for this community.

In the past decade a combination of satellite and ground-
based observational experiments have mapped and 
quantified the observed universe to an unprecedented 
precision. The fundamental parameters that govern 
the evolution and future of the universe have been 
measured. We know the matter and energy densities 
and primordial fluctuation spectrum – the initial condi-
tions for cosmic structure formation – to a few percent. 
However, only a small fraction of the universe has been 
physically identified and understood – the dominant 
components of matter and energy remain a mystery. 
We believe that most of the mass in the universe is a 
new fundamental particle that links astrophysics with 
particle physics and super-symmetry, while the dark 
energy may be some property of the vacuum or extra 
dimensions. Furthermore, even processes where only 
the well known physics of baryons operate are not very 
well understood, such as in the formation of stars and 
planets. Central to this proposal is to understand how 
the material in the universe arranges itself into the wide 
range of observed structures from planets to stars to 
galaxies. 

Numerical simulations have played a central role 
in understanding observational phenomena. They are 
the theorist’s tool for solving complex non-linear prob-
lems. Notable successes of simulations have included 
an understanding of how galaxies can undergo mor-
phological transformation by merging and interactions, 
the structure of dark matter haloes within a collision-
less hierarchical cosmology, the large-scale pattern 
of galaxy clustering, the formation of galaxy clusters 
and the global properties of the intra-cluster medium 
(ICM). On smaller scales, simulations have helped us 
to understand the dynamics of self-gravitating stellar 
and galactic systems, the flow of gas in galaxies and 

Figure 1: The MareNostrum Supercomputer in Barcelona

Figure 2: The dark matter distribution of the Milky Way halo at 
present day simulated with 200 million particles by Juerg Diemand 
using the parallel treecode PKDGRAV.
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Objectives and Envisaged Achievements

Our ultimate scientific objectives are to construct and 
test theories of structure formation that are powerful 
enough to compare with forthcoming observational 
data, and to make predictions for the grand challenge 
European Southern Observatory (ESO) and European 
Space Agency (ESA) programmes that will take place 
over the next decade. We aim at building a large-scale 
coordinated effort amongst European computational 
astrophysicists that should match the notable efforts 
of the large teams typically involved in the large obser-
vational programmes that characterise this decade. 
Several major barriers remain and we face the following 
difficulties:
• �The range of scales in mass, length and time is vast. 

Important physical processes that are occurring 
below the resolution limit of our simulations are 
included in a phenomenological way. 

• �Initial conditions are often quite idealised, difficult to 
construct and can influence the final results.

• �Astrophysical fluid codes are extremely 
sophisticated yet different techniques are often not 
rigorously examined through comparative tests.

• �Research can be fragmented, with no European-
wide forum for discussion and collaboration.

AstroSim aims to overcome these issues by bringing 
together computational astrophysicists and cosmolo-
gists working on a wide spectrum of problems in 
astronomy. A platform for funding will be provided for 
exchange visits with emphasis given to interdisciplinary 
collaborations. Two large computational astrophysics 
conference will be organised that will bring the entire 
community in Europe together. Several specifically 
focused workshops will be supported by grants each 
year and graduate training schools will be funded. 

One of the major scientific goals of this AstroSim 
programme is to create collaborations between astro-
physicists working on the scales important to each 
other's problems. For example, a theory of star for-
mation requires knowledge of large-scale processes 
in galaxies such as gravitational-driven turbulence in 
the ISM. The final stage of star formation provides the 
initial conditions for the onset of planet formation. Star 
formation and feedback processes are all included as 
unresolved sub-grid processes in current cosmologi-
cal simulations. Europe has leading experts on each of 
these scales and by combining our expertise we can 
create realistic initial conditions; the end state of one 
simulation may be the starting point to grid model for 
another group. The processes resolved in one simula-
tion might be used to motivate a sub-grid model in a 
simulation on a different scale.

AstroSim will allow us to follow up and extend these 
tests to include additional problems, such as radiative 
transfer and MHD. We will use the programme to pub-

licise and involve the entire community of researchers 
who are developing and using algorithms for simulating 
astrophysical fluids. Our aim is to stress the codes and 
ensure that we understand the systematic numerical 
effects whilst learning the strengths and weaknesses of 
different techniques.

Figure 3: A gas cloud moving through a low density medium  
at high speed simulated with Smoothed Particle Hydrodynamics 
(top) and Adaptive Mesh Refinement (bottom) codes carried out  
by Oscar Agertz.
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The main benefits of the AstroSim programme will be 
the achievement of the following goals:
• �Forge new collaborations between researchers that 

do not currently exist.
• �Train young researchers in the field of computational 

astrophysics & cosmology.
• �Bring together the ideas and resources of top 

European research groups.
• �Promote, at a European and world level, outreach 

from computational research.
• �Enable European researchers to stay at the forefront 

of research in this field.
• ��Utilise the existing and planned supercomputing 

resources to their full extent.
• �Support the grand challenge science projects 

of European astronomy by constructing detailed 
theoretical models of astrophysical systems.

The broad objective of AstroSim is to support high 
quality science and to act as a catalyst for its devel-
opment through planning and implementation. We 
believe that it is a timely period to invest resources 
in computational astrophysics. European investment 
in observational astrophysics and cosmology is at a 
record level because of the impact of this field on the 
public sector, its role in training people for jobs outside 
academia, motivating the next generation of scientific 
researchers and facilitating the fundamental goal of 
understanding our origins and place in the universe.

The overall European capacity to train and transfer 
knowledge will be increased by bringing together the 
expertise and skills of the entire community, sharing 
and combining resources and knowledge, disseminat-
ing results and tools including analysis and visualisation 
software and coordinating a combined attack on under-
standing the multiscale physics relevant to astronomical 
systems. Computational astrophysics is a research 
topic that attracts many young researchers and which 
helps reverse the trend in western countries of fewer 
and fewer young people being attracted by research 
in the sciences. The overall European capacity to train 
and transfer knowledge will be increased by bringing 
together the expertise and skills of the entire commu-
nity, sharing and combining resources and knowledge, 
disseminating results and tools including analysis and 
visualisation software and coordinating a combined 
attack on understanding the multiscale physics relevant 
to astronomical systems. 

Computational astrophysics is a research area 
where European scientists are well established and are 
highly prominent. In order to maintain this position and 
to tackle the complex scientific problems discussed 
earlier, it is essential that strong collaborations exists 
within the European community. These research goals 
will not be solved by an individual nor by a single insti-
tute, but rather by the concerted effort of groups of 
experienced researchers. In the longer term, we spe-
cifically plan long-term collaborations between the 
different nodes forged during the network that will con-
tinue beyond the funded period.

Expected Benefit from European Collaboration 

Figure 5: Stars form within the turbulent gaseous interstellar 
medium of galaxies. The picture shows a supercomputer simulation 
of astrophysical turbulence. © Alexei Kritsuk

Figure 4: Collapse of a gravitating gas cloud simulated with  
the Adaptive Mesh Magnetohydrodynamics code NIRVANA  
by Udo Ziegler
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Activities

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

Forschung in Österreich (FWF)
	 Austrian Science Research Fund, Austria
• 	Fonds voor Wetenschappelijk Onderzoek-

Vlaanderen (FWO)
	 Research Foundation Flanders, Belgium
• 	Ίδρυμα Προώθησης Έρευνας (RPF)
	 Cyprus Research Promotion Foundation, Cyprus
• 	Forskningsrådet for Natur og Univers (FNU)
	 Natural Science Research Council, Denmark
• 	Suomen Akatemia / Finlands Akademi
	 Academy of Finland, Finland
• 	Institut national des Sciences de l’Univers/CNRS
	 France

Workshops and conferences
AstroSim promotes collaboration through training and 
stimulation of ideas by mobility of human resources in 
addition to training schools and workshops. Please see 
the website www.astrosim.net for further information 
about these initiatives.

Two major conferences in computational astrophys-
ics in 2008 and 2011 will gather well over 200 people 
each year and will be open to international research-
ers and will span the entire remit of computational 
astrophysics, from the three-body problem to the 
origin of large-scale structure in the universe. We will 
provide funding to support scientific workshops and 
conferences that have a main theme on computational 
astrophysics. 

Training 
AstroSim promotes interaction and exchange visits 
between scientists in Europe with co-funding and grants 
for both long- and short-term visits. AstroSim will sup-
port the organisation of schools for students and young 
researchers where experts in the various fields of the 
programme will be invited to give courses.

Grants
Short-term visits can be awarded every year to promote 
the mobility of researchers and students. This will pro-
vide the establishment or the strengthening of scientific 
links at the individual level. These grants are comple-
mentary to workshops and conferences in achieving 
the goals of the programme.

Exchange grants, fellowships or long-term visit 
grants can be awarded to specific individual projects 
within the programme. These are for projects aiming to 
facilitate the transfer of knowledge and techniques rel-
evant to the individual and the hosting research group.
These grants can also be awarded to promote the visit 
to Europe of experts from all over the world.

Information database
We are constructing an informative website for the 
entire computational astrophysics community – a forum 
for information, discussion and dissemination of results. 
Such a database/website does not exist and would be a 
useful resource for the European and worldwide com-
munity. Our code comparison website resulting from 
the Wengen exploratory workshop is already a signifi-
cant database and will grow over the next year as more 
tests are carried out and results archived and analysed. 
We anticipate that this database will be a significant 
resource and possibly become a standard reference 
for groups who wish to compare existing or new codes 
under development. 

How to apply
Applications from any researcher in any European 
institution will be considered. Only electronic submis-
sions from the website will be considered. Please check 
the website www.astrosim.net for further information, 
deadlines and links to the application forms.

Funding

• 	Deutsche Forschungsgemeinschaft (DFG)
	 German Research Foundation, Germany
• 	Istituto Nazionale di Astrofisica (INAF) 
	 Italy
• 	Nederlandse Organisatie voor Wetenschappelijk 

Onderzoek (NWO)
	 Netherlands Organisation for Scientific Research, 

Netherlands
• �	Fundação para a Ciência e a Tecnologia (FCT)
	 Foundation for Science and Technology, Portugal
• 	Consejo Superior de Investigaciones Científicas 

(CSIC) / Ministerio de Educación y Ciencia (MEC)
	 Council for Scientific Research / Ministry  

of Education and Science, Spain
• 	Schweizerischer Nationalfonds (SNF)
	 Swiss National Science Foundation, Switzerland

	 United Kingdom
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Professor Ben Moore (Chair)
Institute for Theoretical Physics
University of Zürich 
Winterthurerstrasse 190 
8057 Zürich • Switzerland
Tel: +41 1 635 5815 
Fax: +41 1 635 5704 
Email: moore@physik.unizh.ch

Professor Stefano Borgani
Dipartimento di Astronomia 
Universit di Trieste 
via Tiepolo 11 
34131 Trieste • Italy
Tel: +39 040 3199 136 
Fax: +39 040 3094 18 
Email : borgani@oats.inaf.it

Professor Andreas Burkert
University Observatory 
Scheinerstrasse 1 
81679 Munich • Germany
Tel: +49 89 21 80 5992 
Fax:  
Email: burkert@usm.uni-muenchen.de

Professor Miguel A. de Avillez
Department of Mathematics 
University of Evora 
R. Romao Ramalho 59 
7000 Evora • Portugal
Tel: +351 266745384 
Fax: +351 266745393 
Email: mavillez@galaxy.lca.uevora.pt
 
Dr. Mika Juvela
Helsinki University Observatory 
00014 University of Helsinki • Finland
Tel: +358 9 1912 2909 
Fax: +358 9 1912 2952 
Email: mika.juvela@helsinki.fi 

Professor Stavros Kassinos
University of Cyprus 
UCY-CompSci 
Mechanical and Manufacturing 
Engineering 
School of Engineering
University of Cyprus 
75 Kallipoleos Ave. 
PO Box 20537 

Tel: +357 99 414 789; 
Fax: +357 22 89 22 54 
Email: kassinos@ucy.ac.cy 

Dr. Giuseppe Lodato
Department of Physics and Astronomy

University Road

Email: giuseppe.lodato@astro.le.ac.uk

Professor Ake Nordlund
Niels Bohr Institute
Juliane Maries Vej 30 
2100 Copenhagen Ø • Denmark
Tel: +45 3532 5999 
Fax: +45 3532 5989 
Email: aake@astro.ku.dk

Dr. Simon F. Portegies Zwart
Anton Pannekoek Institute
University of Amsterdam 
Kruislaan 403 
1098 SJ Amsterdam • Netherlands
Tel: +31 20 52 57 510 
Email: spz@science.uva.nl

Professor Romain Teyssier
CEA Saclay 
DAPNIA / Service d’Astrophysique 
DSM
Orme des Merisiers • Bâtiment 709 

Fax: +33 16 908 9987 
Email: romain.teyssier@cea.fr 

Dr. Tom Theuns
Institute for Computational Cosmology
Durham University 
South Road 
Durham DH1 3LE • United Kingdom
Tel: +44 191 33 43795 
Email: tom.theuns@durham.ac.uk 

Dr. Eelco Van Kampen
Institute for Astro and Particle Physics
University of Innsbruck (LFUI) 
Technikerstr. 25 
6020 Innsbruck • Austria
Tel: +43 512 507 6034 
Fax: +43 512 507 2923 
Email: eelco.v.kampen@uibk.ac.at 
 
Professor Gustavo Yepes Alonso
Departamento de Fisica Teorica  
C-XI / 511
Facultad de Ciencias
Universidad Autonoma de Madrid 
Campus de Cantoblanco 
Ctra. de Colmenar, km. 15 
28049 Madrid • Spain
Tel: +34 91 49 73 933 
Fax: +34 91 49 73 936 
Email: gustavo.yepes@uam.es 

Advisory Experts:

Dr. Michal Hanasz 
Torun Centre for Astronomy
Faculty of Physics, Astronomy  
and Informatics
Nicolaus Copernicus University
ul. Gagarina 11
87-100 Torun • Poland
Tel: +48 56 611 30 02 / 55
Fax: +48 56 611 30 08
Email: Michal.Hanasz@astri.uni.torun.pl

Professor Garrelt Mellema

Email: garrelt@astro.su.se

Dr. Manolis Plionis
National Observatory of Athens 
Institute for Astronomy & Astrophysics
Greece
Email: mplionis@astro.noa.gr

Administrator/Coordinator:
Ms. Suzanne Wilde 
Institute for Theoretical Physics
University of Zürich 
Winterthurerstrasse 190 
8057 Zürich • Switzerland
Tel: +41 44 635 5814 
Fax: +41 44 635 5704 
Email: suzanne@physik.uzh.ch

ESF Liaison

Dr. Thibaut Léry
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 AstroSim websites:
www.astrosim.net
www.esf.org/astrosim

AstroSim Steering Committee
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University Center Kapteyn • Sweden
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