
MEMORIE DELLA SOCIETÀ ASTRONOMICA ITALIANA

SUPPLEMENTI

Vol.1 2003

Computational Astrophysics in Italy: methods and tools
Prima riunione nazionale

Bologna, 4-5 luglio 2002

editors: Roberto Capuzzo Dolcetta

TABLE OF CONTENTS

Foreword 10

People invited to the round table on the state of computational astrophysics
in Italy 11

List of Participants 12

Introduction

R. Capuzzo Dolcetta
Few comments about computational astrophysics in Italy 15

Algorithms and numerical techniques

P. Londrillo, C. Nipoti and L. Ciotti
A Parallel Implementation of a New Fast Algorithm for N-body Simulations 18

F. Reale
High Performance Computing at INAF/OAP 27

D. Molteni and C. Bilello
Riemann Solver in SPH 36

S. Orlando, G. Peres, F. Reale, R. Rosner, T. Plewa and A. Siegel
Development and Application of Numerical Modules for FLASH in Palermo:
Two Astrophysical Examples 45

P.F. Spinnato, S.F. Portegies Zwart, M. Fellhauer, G.D. van Albada, and
P.M.A. Sloot
Tools and Techniques for N-body Simulations 54



4

R. Valdarnini
Performance Characteristics of a Parallel Tree-code 66

L. Tornatore and S. Borgani
Few Ideas About the Energetics of ICM 76

Visualization and computing tools

U. Becciani, C. Gheller, V. Antonuccio, D. Ferro and M. Melotti
AstroMD, a tool for Stereographic Visualization and data analysis for astro-
physical data 80

A. Costa, U. Becciani, V. Antonuccio, R. Capuzzo Dolcetta, P. Miocchi, P. Di
Matteo, V. Rosato
Astrocomp: web technologies for high performance computing on a grid of
supercomputers 89

P. Miocchi, V. Antonuccio, U. Becciani, R. Capuzzo Dolcetta, A. Costa, P. Di
Matteo, V. Rosato
AstroComp: using the portal to perform astrophysical N -body simulations 96

A. Cacciani, P. Rapex, B. Subrizi, V. DI Martino
Data reduction and analysis of Solar Dopplergram 103

V. Antonuccio-Delogu, U. Becciani, D. Ferro and A. Romeo
A software interface between Parallel Tree- and AMR Hydrocodes 109

V. Rosato
Dedicated Hardware Devices for scientific applications 116

Astrophysical and cosmological supercomputing applications

M. Bottaccio, M. Montuori, L. Pietronero, P. Miocchi, and R. Capuzzo Dolcetta
N-body simulations for structure formation from random initial conditions 120

G. Carraro, Claudio Dalla Vecchia, and Bruno Jungwiert
Toward self-consistent models of Galaxy Evolution 130

A. Diaferio
N-body simulations, the halo model, and the distribution of galaxy clusters
in Sunyaev-Zeldovich effect surveys 140

B. Lanzoni, A. Cappi and L. Ciotti
High-resolution re-simulations of massive DM halos and the Fundamental
Plane of galaxy clusters 145

C. Zanni, S. Massaglia, G. Bodo, P. Rossi, A. Capetti, and A. Ferrari
Propagation of extragalactic jets in stratified media 155

L. Del Zanna, N. Bucciantini, P. Londrillo
A third order shock-capturing code for relativistic 3-D MHD 165



5

Elena Rasia, Giuseppe Tormen and Lauro Moscardini
High-Resolution Simulations: Modeling Intracluster Medium and Dark
Matter in Galaxy Cluster 176

V. Muccione and L. Ciotti
Elliptical galaxies interacting with the cluster tidal field: origin of the intra-
cluster stellar population 186

O. Zanotti and L. Rezzolla
Dynamics of Oscillating Rlativistic Tori 192

G. Murante, S. Bonometto, A. Curir, A.V. Maccio’ and P. Mazzei
Dynamics of collisionless self-gravitating structures 199

G. Tormen, L.Moscardini and E.Rasia
Dynamics of the ICM in Galaxy Clusters 209

L. Baiotti, I.J.Hawke, P.J.Montero and L.Rezzolla
A new three-dimensional general relativistic hydrodynamics code 210

Two selected topics of the round table on computational astrophysics
in Italy: state and perspectives

R. Rosner
Issues in Advanced Computing: A US Perspective 220

F. Pasian
A task of advanced computing: how to process large quantities of data? 221

Conclusions

G. Peres
Final remarks 223



6

COMPUTATIONAL ASTROPHYSICS:
METHODS AND TOOLS

Osservatorio Astronomico e Dip. di Astronomia dell’Universitá di Bologna e
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Fig. 1. An example of astrophysical supercomputing: the N-body simulation of the tidal
deformation of a 3 × 105 M¯ globular cluster moving in a circular orbit of radius 500
pc around the centre of a triaxial galaxy. The inner box is a zoom of one of the cluster
configurations; in blue colour the stars tidally stripped. (courtesy of Capuzzo Dolcetta,
Di Matteo and Miocchi; computations performed with the ORIGIN system at CINECA
in the framework of the INAF-CINECA agreement).
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Fig. 2. Another example of results of astrophysical supercomputing, obtained by mean
of the FLASH code:the helium detonation on the surface of a neutron star after 150
microseconds from the burst. The vertical axis extends through the accreted envelope, to
a height of 1.5 km. The horizontal axis is a 2 km portion along the surface of the neutron
star. The density plot spans 13 orders of magnitude, from the dense material at the base
of the envelope (108 g/cm3, dark red colour) to the fluff, with a density of 10−5 g/cm3

(white) (from Zingale et al., 2001, ApJS, 133, 195).
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FOREWORD

On behalf of the Scientific Organizing Committee I want, first of all, to thank people of
the Local Organizing Committee who helped us in the organization of this first meeting
devoted to Computational Astrophysics in Italy. In particular, I thank P. Miocchi for
his contribute to the general organization and C. Gheller and P. Londrillo for their
fundamental links with CINECA and the Observatory and the Department of Astronomy
of the University of Bologna, sites of this 2-day meeting. Of course, a warmful thank is
due to these three institutions and their directors, as well as to INAF and the Dep.
of Physics of the University of Roma La Sapienza, that financially contributed to the
positive realization of this meeting.

I am happy for the participation of many young people, to witness that astrophysics
and, in particular, the field of highly sophisticated astrophysical modelization is appealing
for the young and active researchers.
Everybody knows that Italy, better to say italian scientists, is at a level of international
excellence in various branch of science among which, undoubtely, astronomy and astro-
physics is at one of the first ranks. Actually, Italy is joining to various international
observational projects, giving to many of them project a fundamental contribution both
financial and, mainly, in the form of know-how and human resources. So, in spite of our
heavy burocratical structures and of objective difficulties in obtaining funds for science,
observational astronomy and astrophysics has been florishing in Italy for many years.
Unfortunately, we cannot say the same about theoretical astrophysics. In the most sci-
entifically advanced countries the developement of experimental science is always accom-
panied by a corresponding increasing interest, and relative financing!, in the theoretical
interpretation of the experimental and observational results which, nowadays, depends
more and more by numerical modelizations of complex phenomena.

I do not see in Italy such an equilibrium about observational and theoretical efforts
and relative investments. The recent agreement between INAF and CINECA makes avail-
able to the high performance computing italian community an ammount of resources that
corresponds to a quantity of money that is, in spite of the different opinion of many of
our colleagues, negligible respect to the amount spent in observational ground and space
projects. Because it is quite clear that the progress of science needs a careful accom-
plishment of the step of theoretical interpretation (otherwise, the amount of data that
is increasing enourmously will be, eventually, almost useless) I think that we must agree
on requiring to reach as soon as possible the told equilibrium as it already happens in
highlyscientifically developed countries. If not, we will not be competitive as we wish.

In this framework, this meeting is, in our aims, useful to check the level of the italian
computational astrophysics community, other than to evaluate its quantitative (in the
sense of quantity of people involved) relevance. I stress that we can convince the overall
national scientific community of the fundamental role of theory and simulations just if
we reach, firstly, the goal to be able to communicate scientific results one each other in
the most efficient way. This goal may be reached just through moments like this meeting.

Consequently, I conclude expressing my wish that this meeting will not remain isolated
but represents the first of a series that will allow our community to grow in a synergic
way.

For the Organizing Committee
Roberto Capuzzo Dolcetta
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