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I. DESCRIPTION OF THE PROJECT AND THE NETWORK

I.1. Title of the project 

TITLE (in English) : Modern aspects of theoretical and observational (ground-based and space-borne) astrophysics
TITLE (in Dutch) : Moderne aspecten van theoretische en observationele astrofysica (vanuit de ruimte en vanop het aardoppervlak)
TITLE (in French) : Aspects modernes de l'astrophysique théorique et de l'astrophysique observationnelle (à partir du sol et de l'espace)
I.2. Network composition 

Network co-ordinator:

1. Name : SWINGS Jean-Pierre


Institution : University of Liège 

Type :  FORMLISTEDEROUL 

Partners

2. Name : WAELKENS Christoffel


Institution : K.U. Leuven 

Type :  FORMLISTEDEROUL 

3. Name : HENSERGE Herman


Institution : Royal Observatory of Belgium 

Type : :  FORMLISTEDEROUL 

4. Name : STERKEN Christiaan


Institution : Vrije Universiteit Leuven 

Type : :  FORMLISTEDEROUL 

5. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

6. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

7. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

8. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

9. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

10. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

11. 
 Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

12. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

13. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

14. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

15. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

16. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

17. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

18. Name :      


Institution :       

Type : :  FORMLISTEDEROUL 

I.3. Summary of the project

Provide a concise description of the project and indicate clearly and briefly the project’s major objectives.

A. SUMMARY IN ENGLISH (max. 1 page)

The principal research themes which already form the basis of collaborations between partners of the IUAP network or which are in the process of intensifying such collaborations are :

· asteroseismology

· stellar and galactic evolution

· massive luminous stars and high energy astrophysics

· extragalactic astrophysics and the international liquid mirror telescope (ILMT) project

· ESO's Very Large Telescope Interferometer (VLTI) and astrophysical studies at very high angular resolution

The present proposal constitutes a continuation of IUAP P4/05 (Liège – Leuven –Royal Observatory) that takes into account the recommendations of the ex-post evaluators; the entry of the Vrije Universiteit Brussel in P5 reinforces themes 1, 2 and 3 above.

     
B. SUMMARY IN DUTCH (max. 1 page)

De voornaamste onderzoeksthema's die nu reeds de basis vormen van samenwerkingen tussen partners in het IUAP-netwerk of die thans het voorwerp vormen van een versterking van dergelijke samenwerkingen zijn:

- asteroseismologie

- stellaire en galactische evolutie

- extragalactische sterrenkunde en het project van de internationale vloeibare-spiegel-telescoop (ILMT)

- de Very Large Telescope Interferometer (VLTI) van de ESO en astrofysische

studies bij zeer hoge angulaire resolutie.

Het huidige project is een vervolg van het project IUAP P4/05 (Liège - Leuven - Koninklijke Sterrenwacht) dat rekening houdt met de aanbevelingen van de 'ex-post'-evaluatoren; de toetreding van de Vrije Universiteit Brussel in P5 betekent een versterking voor de eerste drie hoger vermelde thema's.

C. SUMMARY IN FRENCH (max. 1 page)

     
  
Les principaux thèmes de recherches qui sont déjà à la base de collaborations entre les partenaires du réseau PAI ou qui sont en train d'intensifier favorablement de telles collaborations sont :

1. Astérosismologie

2. Évolutions stellaire et galactique

3. Étoiles chaudes massives et astrophysique des hautes énergies

4. Astrophysique extragalactique et le projet international de télescope à miroir liquide (ILMT)

5. Le VLTI (Very Large Telescope Interferometer), et les études astrophysiques à très haute résolution spatiale.

 
Il s'agit d'une continuation du PAI P4/05 qui tient compte des recommandations de l'évaluation ex-post; l'entrée de la VUB dans la phase V renforce en particulier les thèmes 1, 2 et 3 ci-dessus.  

I.4. objectives, motivation and state of the art 
(max. 5 pages)

Describe the project’s objectives. Define the problems being addressed by positioning them in relation to the current state of knowledge. Justify the relevance of the proposed methods and approaches in accordance with the state of the art.

The project containing five principal themes, we shall summarize hereafter their main objectives.

1. Asteroseismology
· acquisition and interpretation of observations of "gravity" mode pulsating stars (long term photometric and spectroscopic monitorings);

· search for internal properties of massive stars of ( Cephei type ("pressure" mode pulsators);

· detailed studies of ( Scuti-type stars, as well as of pulsating stars in stellar clusters and/or in binary systems;

· involvement of Belgian Asteroseismology Group in space experiments (MONS, COROT).

2. Stellar and galactic evolution
· extension of studies linked to newly developed scenario of the origin of field halo stars and of globular clusters;

· acquisition of high resolution spectroscopic data with UVES on ESO's VLT in order to construct models of the chemical evolution of e.g. AGB stars;

· study of the formation of planetary nebulae;

· reduction of space data (e.g. ISO) and preparation in the contact of future missions (e.g. Herschel).

3. Massive luminous stars and high energy astrophysics
· determination of fundamental parameters and properties of O, B, and WR stars, in particular with the use of existing and forthcoming XMM data;

· measurements of X-ray counterpart to non thermal radio emission of OB and WR stars, and of the effects of colliding stellar winds in binary systems;

· determination of magnetic fields of O-stars (combination of X-ray and radio-wave data);

· preparations for observations with the INTEGRAL satellite (abundance determinations, etc.);

· study of early-type binaries or multiple systems in young open clusters.

4. Extragalactic astrophysics and the 4-meter International Liquid Mirror Telescope (ILMT)
· survey narrow strip of sky in order to monitor photometrically and astrometrically millions of extragalactic objects down to (very) faint limiting magnitudes (with emphasis on gravitational lenses);

· study of microlensing effects, detection of supernovae, thus contribution to an independent determination of cosmological parameters;

· application of deconvolution techniques to study dynamical and spectral properties of quasars and/or of their host galaxies in addition to the detailed studies of gravitational lenses (incl. their photometric monitoring).

5. Very Large Telescope Interferometer (VLTI): astrophysical studies at the highest angular resolution
· preparation for the efficient use of the very powerful optical interferometric facilities constructed by ESO, i.e. observations at the milli-arcsecond level;

· involvement in training of young Belgian researchers and in their implication in software, data analyses techniques, future instruments, etc.;

· 10 different types of scientific objectives already proposed by belgian astrophysicists.

I.5 detailed Description of the project

(min. 5 pages, max. 10 pages)

Submit a general description of the project as well as a precise description detailing each work package (coherent packages contributing to the pursuit of the project’s interim objectives). At the same time, indicate the partners involved in each work package.

     
  INTRODUCTION


The present proposal is essentially a continuation and extension of the well-evaluated P4/05, with, for 2002-2006, the entry of a fourth partner. Indeed, during the first period (1997-2001) our Inter University Attraction Pole (IUAP) encompassed three astrophysics departments, i.e. those from the Universities of Liège and Leuven and that of the Royal Observatory in Brussels; the new partner will come from the "Vrije Universiteit Brussel".

The research project outlined here reflects the diverse and complementary scientific expertises and interests of the partners, and involves different levels according to which the collaborations between the research groups presently exist and are planned for the future.

As outlined by the external evaluators, the common research on the subject of  asteroseismology, which since long belongs to some of the main interests of all the partners, appears at the moment as the "most united field" in the collaboration.  In this area, the IUAP has already led to the establishment of the Belgian Asteroseismology Group (BAG), which will now intensify its activities.

In several domains (stellar evolution, properties of massive stars, extragalactic astronomy, space research in multiple wavebands) the partners are involved at different levels. On all these subjects collaborations exist between two or more partners of the consortium, and the framework of the IUAP will be used to develop the common interests and collaborations in these fields, combining the complementary expertises and access to facilities of the different partners. This of course includes the succesful development of optical telescopes, conventional or of a very different type, such as the International Liquid Mirror Telescope.

In addition, while education in Belgium is organised by the communities, astronomy as a scientific discipline is considered as a 'federal matter', due to the existence of the Royal Observatory and the organisation at the federal level of the Belgian involvement in international  organisations such as ESA and ESO.  This IUAP project is the only large-scale scientific collaboration in astrophysics at the national level, and it therefore is appropriate to take advantage of it to coordinate new initiatives which may enhance the impact of Belgian astronomy in the future.  In this context, a third and major ambition of this IUAP is to foster common initiatives in high-angular-resolution astronomy in general, with a particular emphasis on a vigourous Belgian involvement in the construction and scientific exploitation of the interferometry mode at the VLT (VLTI) of ESO.


The following sections will describe the Scientific Rationale of the proposal, along the five major themes of the collaboration (as outlined by the ex-post evaluators of P4/05) :

· Asteroseismology

· Stellar and galactic evolution

· Massive luminous stars and high energy astrophysics

· Extragalactic astrophysics and the International (4-m) Liquid Mirror Telescope

· Astrophysical studies at the highest angular resolution (with emphasis on the VLTI).
SCIENTIFIC RATIONALE

1. Asteroseismology
The research domain of asteroseismology refers to the study of the internal structure of pulsating stars through the interpretation of their frequency spectra. Asteroseismologists indeed gratefully make use of the oscillations to probe the stellar interior, which is not directly observable. The basic principles of asteroseismology are very much alike those developed by earth seismologists. 

During the past few years, asteroseismologists of the Instituut voor Sterrenkunde of the K.U.Leuven and of the Institut d'Astrophysique et Géophysique of the ULg have succesfully collaborated on many different topics in asteroseismology (we refer to the publication list in the annual reports of the previous IUAP). The wish is now to continue, and even expand, such a close collaboration in this research domain:  the collaboration will now be extended to the Observational Astronomy Group of the V.U.B. and to the Royal Observatory of Belgium. This implies that the complete Belgian Asteroseismology Group (BAG), which was founded in 2000, is incorporated in the current project.  The BAG was created with the specific aim to coordinate all the Belgian initiatives and expertises in asteroseismology, in order to orient the relevant research towards the upcoming data of pulsating stars from space.  Indeed, in the forthcoming 5 years, two European space missions will be devoted to asteroseismology. It concerns MONS, which is a Danish-led mission, and COROT, a French-led European mission. Both missions are in full preparation at present, with launches foreseen in 2004 and lifetimes of about two years. Several members of the BAG are involved in the development of these missions.  A continuation of the IUAP will allow Belgian asteroseismologists to combine the expertises at the four institutes, so that it will be possible to fully concentrate on the unique opportunity of exploring space data in a research area in which Belgian scientists have already shown their know-how.

Pulsations are excited in stars across the whole Hertzsprung-Russell diagram. Some of the main topics connected to the different classes of pulsators that we want to study in the framework of this new IUAP are highlighted below.

Two different kinds of stellar oscillations exist : "pressure'' (p-modes) and "gravity'' (g-modes) modes, for which the principal restoring forces are connected with respectively pressure and buoyancy.  The p-modes are constrained to the outer layers of the star while g-modes still have a large amplitude in the center. Therefore, g-modes are by far the most interesting from an asteroseismological point of view. However, the corresponding periods of g-modes are one order of magnitude longer than those of p-modes. For main-sequence stars, p-modes have periods of the order of hours, while the periods of g-modes range from 1 to 3 days. Hence, multiperiodic oscillations in g-modes result in beat periods of the order of months or even years, while they are much shorter for p-modes. Due to this reason, the observational study of g-modes in main-sequence stars is still in its infancy.

One of the goals of this project is to continue our effort in obtaining and interpreting observations of g-mode pulsators, with the goal of disentangling their frequencies so that asteroseismology becomes feasible.  Currently, two classes of main-sequence stars are known to pulsate in g-modes : the slowly pulsating B stars (SPBs) and the ( Dor stars.  The masses of the former range between 3 and 8  solar masses. At present, the data of long-term photometric and spectroscopic monitoring of SPBs are being analysed at the KUL and ULg. The full exploration of our data will certainly still take several years, since it implies also the development of new combined analysis techniques.  For the ( Dor stars, the limiting stellar masses have not yet been determined accurately, since there are only about 17 accepted members for this group of variables. Also here, we have obtained a rich data set which will allow us to make a detailed observational inventory of the pulsational behaviour of these stars, and to confront this with the first theoretical models which are currently being published.  Several BAG members have a leading role in the study of g-modes, both in theoretical and observational aspects.  It is our intention to still strengthen our role in this subject in the framework of the IUAP, particularly by improving our modeling techniques.

Other interesting pulsators in the framework of massive stars are the ( Cep stars, which pulsate in p-modes. They have masses between 8 and 20 solar masses. The stellar models are most uncertain for such massive stars, implying that the ( Cep stars have a large potential to make significant improvement in our understanding of the structure and evolution of stars that will eventually explode as a supernova. Several BAG members have obtained a large expertise in the interpretation of photometric and spectroscopic data of such stars. Some of them have recently shown that space data obtained with a non-optimized 5 cm telescope results in the detection of many more frequencies than ground-based photometry. This result is important in the framework of the upcoming space missions because it points out that detailed asteroseismological studies of ( Cep stars are possible. In this respect, we will continue our efforts to enlarge our data sets for these stars. We especially plan to develop for the first time frequency inversion techniques to derive the internal properties of massive stars. The latter is an extremely difficult problem, for which the combination of our expertise in data analysis on the one hand and theoretical modeling on the other hand will be most fruitful.

Finally, some members of the BAG have assembled huge data sets of ( Scuti variables, which are main-sequence p-mode pulsators in the classical instability strip. These variables generally have numerous pulsation frequencies and constitute good targets for the methods of asteroseismology.  In particular, rotational effects are important in most ( Scuti stars and the full inclusion of the centrifugal forces in the theoretical modeling would imply a large step forward. We plan to concentrate more deeply on this problem of treating the oscillations of a rotating star in a fully consistent way. In order to guide this theoretical work, we need as many observational constraints on the pulsation frequencies and modes as possible and so again the expertise within the BAG will be combined.

Some members of the BAG have made observations of pulsating variables in stellar clusters, which implies a very serious advantage for the application of asteroseismology. Indeed, the age and chemical composition uncertainties are much smaller for cluster members compared to field stars. We plan to strengthen our observational efforts of studying cluster stars, in both the Northern and the Southern Hemispheres.

We have found that several of the non-radial pulsators are members of close binaries. At present it is not clear yet if the pulsations in components of close binaries are different from those in single stars, nor if they are affected by the time-varying dynamic tides or not, i.e. if it concerns free or forced oscillations. We plan to focus on a few selected pulsators in close binaries to find an answer to these two fundamental questions.  We will also study some wider binaries, for which the evolution of the individual components is not affected by the binary nature because the separation is large. For such stars, it is possible to determine the evolutionary phase of each of the components with a better precision than is the case for single pulsators. The combination of this information with the pulsational behaviour will lead to more accurate constraints on the internal structure.

Finally, we wish to put forward that the BAG will undertake new initiatives in the training of PhD students and post-docs in asteroseismology.  Besides the continuation of the very frequent exchange meetings between BAG members at the different Belgian institutes, we plan one week of intensive training in the course of 2002. This training will consist of courses taught by the senior staff members of the BAG, as well as practical applications in all areas of asteroseismology. Special emphasis will be put on topics related to MONS and COROT. Additionally, we plan several exchange visits of BAG members and of the researchers of the PI institutes of MONS (Arhus University) and COROT (Paris Observatory) during the forthcoming years.

2. Stellar and galactic evolution
The study of stellar and galactic (chemical) evolution has always been a key item of Belgian astrophysical research.  In Liège, Brussels (ROB and VUB) and Leuven, it has recently received a strong impetus from an interesting collaboration between observers and theoreticians. The aim of this proposal is to join expertise as well as observational opportunities in the four institutes to tackle a well defined series of problems in the context of this IUAP.

From the spectral analysis of a sample of old stars based on data of unprecedented quality, the team of Liège has discovered peculiar abundance correlations, which have led it to propose a new scenario for the origin of both the field halo stars and the globular clusters. This so-called EASE scenario (for Evaporation/Accretion/Self Enrichment) proposes that most field halo stars were born in proto-globular clusters and that, contrary to what was generally assumed, these globular clusters have undergone a chemical evolution.

During a first phase, massive stars exploding as supernovae enriched the protoglobular medium in which a second generation of stars was forming. This model predicts some properties of the present-day globular clusters (e.g., a galactic metallicity gradient and a mass-metallicity anticorrelation) which have been successfully confronted to the (rather meager) existing observational data.

In a second phase, the atmospheres of the globular cluster stars were polluted by accretion of matter expelled from intermediate mass Asymptotic Giant Branch (AGB) stars.  These polluted stars should display overabundances in the elements synthesized by the AGB stars (in particular, carbon and heavy elements).  The few data available on unevolved globular cluster stars, show indeed abundance anomalies which seem  to confirm that accretion may have played a role.

Thanks to the availability of high resolution spectroscopy on the VLT, the accretion scenario may now be tested in much more detail: the chemical composition of the individual field halo stars can be studied as a function of their kinematic properties and compared to the results for globular clusters; accurate abundances can be obtained for unevolved stars in a few globular clusters, allowing to test in situ the enrichment scenario; the surface abundances of stars with very different convective envelopes and, thus, very different degrees of dilution of the accreted material would allow a detailed study of the accretion scenario. Since the study of surface chemical abundances is a prime research interest for different groups in Belgium, a broad collaboration will be set up to reach these goals.

Another important ingredient, not only in the EASE scenario, but in any theory of chemical evolution of the Galaxy, is the expected yields of chemical elements synthesized from AGB stars with different initial mass and metallicity. A theoretical understanding of the yields involves both insight in the mass-loss process as in the internal physical and chemical processes during AGB evolution.  The theoretical models of the chemical AGB enrichment are, however, very dependent on parameters which are not well constrained or even free. Moreover, also the observational data are still rather limited, mainly because the study of the chemical composition of intrinsic AGB stars is made difficult due to the strong molecular veiling and the often unstable photospheres. In recent years, and this also thanks to the research developed in Belgium, it became clear that the chemical patterns displayed by post-AGB stars can be studied accurately and turn out to be very diverse, with only a fraction of the objects conforming to theoretical expectations.

Thanks to the UVES spectrograph on the VLT, fainter and more embedded post-AGB stars can be studied, and this will enable to construct a less biased picture on the chemical evolution of low and intermediate mass stars (the brighter objects being less embedded and hence of typically small initial mass) and thus compute more accurately the expected total yields of AGB stars to the interstellar environment. Thanks to the availability of high resolution spectroscopy in combination with a large telescope we can obtain high quality data not only for embedded galactic post-AGB stars, but also for luminous objects in the galaxies of the local group.  Moreover, once the VLTI and later ALMA will become operational, the mass loss and mass-loss history of AGB and post-AGB stars will be studied in much more detail.

AGB stars are the progenitors of planetary nebulae (PNe).  The mass expelled from the AGB star becomes the nebula illuminated by the core in the PN. The total number of PNe known in globular clusters is only 4 and is much less than the 16 expected from considerations on the theoretical stellar death rate and the depth of the surveys.  A possible reason is that the PNe do not meet the detection requirements.   It is also possible that the masses of present globular-cluster stars are too low to form PNe. Another aspect of this apparent discrepancy may then be that cluster PNe form from binary progenitors. Statistically, a correlation exists between the presence of PNe and the presence of X-ray sources in clusters, suggesting that PNe are more likely to be found when the frequency of interacting binaries in a cluster is high.  If, in fact, a low mass single star cannot form a PN, then, contrary to common belief, it becomes questionable whether a one solar mass star like the Sun will go through a PN phase.  Using hydrodynamical simulations and a combination of observations from the submm (with ALMA) to the optical (with VLTI), we will study the formation of PNe and its relation to binary stars, in particular in the broader context of the well-known binary peculiar red giants and symbiotic stars.

We also aim at investigating the EASE scenario from the star formation theory viewpoint. The EASE scenario assumes that there is a first generation of massive stars which forms in the cluster. However massive stars are hard to form via conventional cloud collapse and subsequent accretion, since soon the core becomes sufficiently luminous so that radiation pressure prevents further infall.  To solve this problem, Bonnell et al. (1998, MNRAS, 298, 93) have proposed that massive stars are build by accretion-induced collisions in the core of a dense protocluster. This is apparently confirmed by Testi et al. (1999, A&A, 342, 515) who found that young massive stars above about 5 solar masses are almost always located at the centre of a cluster of lower-mass sources.  We will tackle this problem on the theoretical and observational side by combining near-infrared and sub-mm observations of selected fields and through the use of high resolution three-dimensional numerical simulations of an ensemble of self-gravitating gas and stars.

Subsequent to the research carried out with the ISO spectrometers on the mineralogy of the circumstellar shells of evolved (AGB and post-AGB) and young (Herbig Ae/Be) stars, and preparing the research projects for the PACS instruments for the Herschel satellite, in which the KU Leuven team is present at the co-PI level, we will apply for open time on the SIRTF satellite.  The ISO results showed that these spectra are extremely rich in solid-state features, allowing for detailed comparisons between the dust found in forming planetary systems and that in meteorites and comets in our solar system.  The much higher sensitivity of the SIRTF detectors will allow the study of a much larger sample of objects, which is necessary in view of the large diversity encountered in the spectra obtained so far.  The study of the disks of young stars and of the debris disks of main-sequence stars meets with strong interest, as can be seen from the guaranteed-time program for the satellite, but it is our opinion that our american colleagues have not yet understood fully the ISO legacy, in the sense that disk spectroscopy and mineralogy allows for much richer diagnostics than photometry.  This part of the project will also highly benefit from the availability of VLTI, which will allow for spatial resolution of dust features through the atmospheric infrared windows.

3. Massive luminous stars and high-energy astrophysics
Although they are quite rare and short-lived objects, early-type massive stars of spectral types O, B and Wolf-Rayet (WR) have a tremendous impact on the ecology of the galaxies and the star formation processes in starburst regions. This situation mainly stems from the extreme properties of these objects. In fact, massive stars are the main sources of ultraviolet and ionizing radiation in the interstellar medium. Incidentally, they are also the brightest X-ray sources among the "normal" stars and they power the far IR luminosities of galaxies through the heating of dust. A powerful mechanical interaction between early-type stars and their surroundings results from their huge stellar winds that associate large terminal velocities (up to 5000 km sec-1) and high mass loss rates (up to ( 10-4 solar mass yr-1). Since the stellar wind removes material from the outer layers of the star, it plays also a key role in its evolution; accurate mass loss rates are thus an essential ingredient for the evolutionary models of these stars.

The scope of the IUAP collaboration related to massive stars is the determination of fundamental parameters and properties of these objects. In the past, several groups in Belgium have investigated various aspects of these objects focusing on different wavelength ranges. The previous IUAP network already allowed to combine the complementary expertises and potentials of the different teams in order to initiate a multi-wavelength investigation of high-energy phenomena in massive stars. This ongoing collaboration between the IAGL-Liège group and the ROB team involves X-ray observations with XMM, visible observations with ESO facilities and radio observations with the VLA as well as theoretical modeling. We intend to continue and to intensify this collaboration. In fact, multi-wavelength programmes provide the most complete and most efficient way to understand complex phenomena in the atmospheres of massive stars and hence to address some of the open questions related to this field of research. 

Non-thermal (i.e. synchrotron) radio emission has been observed from several OB and WR stars and the IAGL group initiated an observing campaign with XMM to measure the X-ray counterpart (due to inverse Compton scattering) of this phenomenon in a sample of O-stars. Combining these data with simultaneous VLA observations obtained by the ROB team and with an appropriate theoretical model (which is currently being developed) will allow the intensity of the magnetic fields of O-stars to be determined for the first time. We foresee to extend this project by studying the entire sample of known non-thermal radio emitting O and WR-stars and by using (-ray observations with ESA's forthcoming INTEGRAL satellite to further constrain the properties of the relativistic electrons that are responsible for the non-thermal emission from stellar winds. 

Thanks to the unprecedented sensitivities of the XMM and INTEGRAL satellites, we are now also in a position to use X-ray and (-ray spectroscopy to study the impact of massive stars on the chemical evolution of the galaxies. In fact, the evolution of an O-star into a WR star is associated with a remarkable change of the chemical composition of the wind of the star. High-resolution X-ray spectroscopy allows us to constrain the abundances of several chemical elements (O, Ne, Mg, Fe,...) that play a key role in the nucleosynthesis and are difficult or impossible to determine from optical or UV wavelengths. In addition, (-ray observations will allow us to determine the 26Al yields of massive stars. 

The study of the colliding wind phenomenon in massive binaries also benefits strongly from our multi-wavelength approach. In fact, the hydrodynamical shock that occurs between the stellar winds of the components in a massive binary system generates a high-density interaction region where strong X-ray emission and visible line-emission arise. Combining high-resolution optical spectroscopy of massive binaries which allows to derive the geometry of the wind interaction region, with the information which can be extracted from X-ray spectra will yield independent constraints on the mass loss rates of the binary components.

A related project recently emerged from the interest of various partners of the IUAP network in early-type binaries. Combining the expertises of the IAGL, ROB and VUB groups, we plan a detailed investigation of double and multiple systems in very young open stellar clusters. Using high-resolution optical spectroscopy together with a disentangling technique will allow to restore the spectra of individual components in binary systems. Combining the spectroscopic results with photometric lightcurves of eclipsing binaries will further enable to determine fundamental parameters such as absolute masses, radii and luminosities of young massive stars as well as the age and distance of their parent cluster. For instance, we plan to apply this technique to a sample of binaries in the Trumpler 16 cluster. This cluster contains also several triple and quadruple systems that will further allow to constrain the dynamical interactions in open clusters that could lead to the formation of hierarchical triple systems.

The various partners of this IUAP project are also interested in a detailed study of the spectroscopic and photometric variability of presumably single massive stars. Studying this phenomenon both from an observational (e.g. using the MERCATOR telescope and the ILMT for the faintest objects) and from a theoretical point of view will allow a better understanding of the connection between the variability at the photospheric level (e.g. due to non-radial pulsations and/or magnetic fields) and the structures of the stellar winds at various scales (i.e. from small scale clumps to corotating interaction regions and wind compressed zones).

Finally, we emphasize that the topics listed hereabove will be (or are already) the themes of several PhD theses and that the entire project is performed in tight collaboration with various international renowned partners. 

4. Extragalactic astrophysics and the International 4-m Liquid Mirror Telescope (ILMT project)
In the context of an international collaboration between scientists and engineers from the Royal Observatory of Belgium (ROB), the Institute of Astrophysics and Geophysics in Liège (IAGL), the Liège Space Center (Centre Spatial de Liège, CSL, ULg), the Liège AMOS company (s.a., Advanced Mechanical and Optical Systems) and from various international research institutions (Université de Laval in Québec, IATE-Observatorio Astronómico de Cordoba in Argentina, Pontificia Universidad Católica de Chile), we are very actively involved in the construction of a 'Liquid Mirror Telescope' (LMT) of 4m in diameter with the main aim of carrying out observations of extragalactic sources. This telescope will have an f/2 ratio and will be installed in the north of Chile (Atacama, El Toco) in 2002. 

Our main scientific goal is to survey a narrow strip of sky (of the order of 100 square degrees at high galactic latitude, i.e. ((b(( 30() in the southern hemisphere (( -22( in declination) in order to monitor photometrically and astrometrically millions of extragalactic objects down to the limiting magnitude B = 24 in a single scan. Millions of galactic objects will be simultaneously monitored. We have calculated that a minimum of 50 new multiply imaged quasars ought to be discovered in the proposed survey. Since the 4m LMT (subsequently named the International Liquid Mirror Telescope, ILMT) constantly points at the zenith, a very precise photometry of each gravitational lens system will be obtained every night. It will become possible to use the recorded photometric lightcurves for each of the lensed images to derive the time delay between these components from which it will then be possible to independently estimate, in a statistical sense, the value of the Hubble parameter H0 (cf. Refsdal's suggestion in 1964). These same observations will enable us to study the micro-lensing effects affecting the individual lensed images and to estimate the size and the structure of the source. Note that these same astrophysical and cosmological tools will also be applied to sets of deconvolved data obtained with other telescopes (cf. MERCATOR, etc.).

The ILMT photometric and astrometric survey, unique in its kind, will also lead to the detection of approximately 1000 supernovae per year and will contribute to an independent determination of the cosmological parameters (H0, (0 and (0). Finally, this survey will be used to prepare observing programs on the ESO Very Large Telescope (VLT), whose operation has begun in 1999. 

It should be noted that frequent meetings between scientists from ROB and IAGL took place during the past few years (cf. http://vela.astro.ulg.ac.be/themes/telins/lmt/index_e.html this URL also gives access to a very detailed description of the ILMT project, relevant publications, etc.) and have led to the construction phase of the ILMT project. The Royal Observatory of Belgium has applied for and has obtained a LOTTO grant of 10.000.000 BEF to construct the CCD camera. Similarly, the Institute of Astrophysics and Geophysics has received two grants (7.700.000 BEF from the FRFC and 5.000.000 BEF from the Liège University) to construct the mirror, the mechanical elements of the corrector and to buy a dedicated Work Station for ILMT data acquisition and analysis. The optical elements of the corrector are the subject of an additional grant proposal that has been submitted to the Belgian FNRS. The Pontificia Universidad Católica de Chile is providing the site of observation (El Toco, north of Chile) and the IATE-Observatorio Astronómico de Cordoba and Laval University jointly collaborate to provide the enclosure of the ILMT. 

Several scientists from ROB and IAGL have visited in July 2000 the potential ILMT site of El Toco in the north of Chile (near San Pedro de Atacama, latitude of -22(). 

Working documents (cf. telescope specifications, CCD camera specifications, Memorandum of Understanding, etc.) are also available via the URL: http://vela.astro.ulg.ac.be/themes/telins/lmt/doc_e.html (in order to access some of these semi-confidential documents, please contact surdej@astro.ulg.ac.be). Didactical and bibliographical web pages dedicated to the LMTs and to gravitational lenses (see the URL: http://vela.astro.ulg.ac.be/themes/extragal/gravlens/bibdat/engl/index.html) are being frequently consulted by students from high schools and from universities. These bibliographies and databases constitute very precious research tools for astrophysicists from ROB, from IAGL, as well as from many other institutes in Belgium and over the world working in the areas of gravitational lensing and of liquid mirror telescopes (during the past four years, more than 20.000 entries to the above URL have been registered; a label of quality has been delivered to the GL site by the american bureau "Links2Go Astronomical Services Award"). 

One chapter from the lectures "Astrophysics and Space Techniques" being taught at IAGL to future engineers specializing in aerospace (5th grade) and physics (4th grade) is dedicated to LMTs. Since 1998, six Ph. D. students from ROB and IAGL, among which 3 come from abroad, are pursuing their research on topics related to the ILMT project, quasars and gravitational lenses. 

It is important to note here that the previous IUAP has enabled to initiate the ILMT collaboration between Liège and Brussels. In the framework of the newly solicited IUAP, we intend to extend the scientific collaboration to any astronomer working in a Belgian institution. Please note that collaborative research projects dealing with extragalactic astrophysics in general (cf. quasar observations with HST, XMM studies of Large Scale Structures, as well as INTEGRAL detection of eruptive sources, GAIA observations of QSOs, …) are also being very much encouraged between the members of the present IUAP proposal. Such collaborations do already exist between several of the participating institutions and will be stimulated with others.

Finally, the image deconvolution method developed in Liège also allows to tackle important problems in extragalactic astrophysics (for a detailed description of this method and relevant publications, see http://vela.astro.ulg.ac.be/themes/dataproc/deconv/index.html). The gain in spatial resolution is essential to the detailed study of gravitational lenses. The possibility to deconvolve simultaneously different images of the same field has been successfully applied to the photometric monitoring of multiply imaged quasars and has already allowed to determine the time delay in four cases. The spatial deconvolution of spectra is applied to study the dynamical and spectral properties of quasar host galaxies, first at relatively low redshift.  Observing time at the VLT has already been granted for a complete sample of 32 quasars with a redshift z < 0.3 from the Hamburg survey in a given area of the sky.  Population synthesis, ionization and excitation of the interstellar lines, reddening and spectral classification will be applied to better characterize the properties of the host galaxies, both in their stellar content and in the properties of the gas in relation to the central quasar.  Next, infrared spectra will be obtained and analyzed to extend the study to higher redshifts (0.5 < z < 2).  In a first step, the VLT ISAAC spectrograph will be used.  Then, integral spectrographs of ARGUS type will be used for a more complete study of the velocity fields.

5. Very Large Telescope Interferometry (VLTI) : Astrophysical Studies at the Highest Angular Resolution
Astronomers have always sought to improve the sensitivity and spatial resolution of their observations in order to study as sharply as possible and with an ever increasing signal to noise ratio the most distant and faint objects in the Universe. Since the photon-collecting power of a telescope scales as the square of its diameter (D2) and its spatial resolution as the inverse of its diameter (D-1), the solution to this problem has always been in the form of ever larger collecting-aperture telescopes. Unfortunately, although this solution did indeed increase dramatically the sensitivity of astronomical observations, it still was far from ideal in terms of spatial resolution owing to the negative effects of the earth's atmosphere. On the ground, the improvements were mainly due to finding best seeing locations (cf. northern sites in Chile), applying image deconvolution techniques (see last paragraph of the Section: Extragalactic astrophysics and the International 4-m Liquid Mirror Telescope Project) and, more recently, to the technique of adaptive optics (AO). 

Apart from the development of a ~100m diameter telescope, alike the OWL telescope proposed by ESO, the foreseeable breakthroughs in optical/IR resolution in the near future are essentially only two: 1) operating in space and 2) aperture synthesis interferometry. In essence, even going to space with a simple filled aperture telescope of 6m diameter (NGST) still does not approach the potential of the latter technique implemented on the ground. This is especially true in the infrared at 2.2 ( where very high sensitivity can be coupled to very high angular resolution of ~1 milliarcsecond (mas). 

Because of these considerations, interferometry has begun to play a central role in ground-based high-resolution astronomy. European astronomers, and in particular Belgian astronomers will benefit from a unique access to the largest-aperture interferometer in the next few years: the Very Large Telescope Interferometer (VLTI), being presently built and tested by the European Southern Observatory (ESO) and European institutes and industries on the Paranal site, in the north of Chile. 

It has always been European astronomers' aim to operate the VLT in an interferometric mode which allows the coherent combination of stellar light beams collected by the four 8m diameter telescopes (UT) and by several smaller 1.8m diameter auxiliary telescopes (AT). Thus, the VLTI has the unique advantage of being one of the only large telescope facilities designed from the very start as an interferometer. This means that it will have three main characteristics that are unprecedented for this type of array:


1) very high precision visibilities (up to (V/V=10-4) for moderately bright sources, 
2) excellent UV coverage  (a synthesized beam of  1-2 mas FWHM at 2(), 
3) very high sensitivity to faint sources (down to K~20 with a brighter reference).  

It must be realized that the high angular resolution capabilities of the VLT and VLTI will only become gradually accessible and that adequate astronomical programs need to be prepared from the start by Belgian astronomers. At the beginning, adaptive optics on single UTs, combined with deconvolution techniques such as those developped in Liège since 1997
, will enable to image with angular resolution scales in the range [0.01",0.1"] interesting point-like objects such as peculiar stars, low redshift quasars and bright gravitational lens systems. Astronomers will then have to deal with the measurement of fringe visibilities from two telescopes from which it will be possible to trace the amplitude of the object’s Fourier transform. On-source fringe tracking and wave-front reconstruction using adaptive optics (AO) techniques will gradually improve the sensitivity of the interferometric observations. In this phase, earth rotation and relocation of telescopes over a grid of different positions ensure a reasonable coverage of the (u,v) plane in order to obtain a well behaved point spread function for moderately bright objects (K~14). These capabilities allow one to reconstruct several components of the object’s Fourier transform and, by fitting to a few-parameter model, to invert the transform and extract useful astronomical information at resolutions of several mas for simple objects with the main arrays and moderate spectral resolutions in the 1-20( range. Subsequently, by co-phasing the interferometer, it will be possible to track the fringes on a bright reference star, allowing long integrations on the fainter target source located an atmospheric coherence length away (typically ~1’ at K). This will allow phase-referenced imaging of sources of brightness up to K~20 with the UT (main array, VIMA) and very accurate astrometry with precisions up to 10 microarcseconds ((as) with a dual beam instrument such as PRIMA for the VLTI with the AT (auxiliary array, VISA). This phase will become operational after a few years of VLTI observations. The third phase will consist in combining beams from more than three telescopes, ideally up to eight for a measurement of visibilities on 28 baselines simultaneously yielding a closure phase for 21 triangles. This will enable to determine the exact fringe position as a measure of the phase of the Fourier transform of the object’s brightness distribution. Combined with the visibility measurements, this will allow, in principle, model-independent reconstruction of an image of the object. This phase might also include more sophisticated AO techniques to allow expansion into the visible range and higher spatial and spectral resolutions. The final phase may be thought of as enlarging the instantaneous field of view of the array from a single telescope Airy disk (~0.1-1”) to several arcseconds as required for imaging of complex extended sources such as a dense cluster of stars. This can be accomplished with a Fizeau-type interferometer with homothetic mapping over a large field. Attaining this capability, in essence, would place the VLTI at the summit of human achievements in its attempt to resolve or distinguish very faint and distant astronomical objects.

On 23 may 1997, the Belgian National ESO Committee (BNEC) mandated a small working group to inquire on the possible scientific interest and involvement of Belgian astronomers in VLTI (Very Large Telescope Interferometry) -related projects. A survey has thus been organized by the VLTI Belgian working group to probe the potential scientific interest of Belgian astronomers for the VLTI project. The participation to this survey turned out to be really impressive: twenty seven observational projects aiming at astrophysical observations with the VLTI were received. Among these, 18 projects are related to stellar investigations and 11 projects to extragalactic astronomy. 

Very briefly, we list below some of the outstanding scientific programs that were proposed by Belgian astronomers and which will become feasible, at milli-arcsec scales, using the ESO VLTI:

· Measurements of stellar angular diameters (cf. giants, Mira variables)

· Exploratory detection and angular measurements of stellar oscillations for bright selected pulsating stars

· Stellar distances and absolute magnitude determinations (Cepheids, ...)

· Synthesis imaging of stellar surfaces and envelopes (cf. AGB and post-AGB stars to map their mass-loss history, planetary nebulae, P Cygni, Be stars, WR stars, circumstellar disks of young stars, supernova echoes in the IR, etc.)

· Spectral mapping of disks of young stars to explore the spatial distribution of circumstellar disk grains of different composition

· Determination of orbital parameters, masses, etc. of close-binaries, pre-main sequence binaries and other multiple star systems

· Search for star companions near massive WR, O, … AGB and post AGB type stars

· Search for and characterization of extra-solar planets via direct astrometric measurements

· Synthesis imagery of bright galaxy nuclei (cf. accretion disks around black holes), star burst galaxies and other AGNs

· Synthesis imagery of bright gravitational lenses and nearby quasars

The conclusions of this survey are that a great enthusiasm and scientific interest indeed exist among Belgian astronomers to actively participate in the VLTI project. It is also foreseen that in addition to their scientific participation to VLTI programs, young Belgian astronomers should be trained and get involved in the development of software (cf. data reduction and analysis, instrument simulation) and/or construction of 2nd generation instrument(s), adaptive optics and/or additional auxiliary telescope(s). An educational program on interferometry needs to be developed in Belgium, most likely in collaboration with other European experts. A Belgian Interferometry Group (BIG) of astronomers will also be set up in order to ensure the development of a coordinated program of frontier astronomy in interferometry (cf. the training of young astronomers in these scientific and technological areas, developing an expertise for ground-based and future interferometric observatories (cf. ALMA) or high angular resolution space missions like GAIA, DARWIN, etc.), to increase expertise in the different universities and observatories as well as to foster collaboration between the Belgian astronomical institutions and industry.

Note that a group of Belgian astronomers has already been designated by the BNEC to participate to the future meetings of the VLTI/ESO steering committee in order to evaluate the possibilities of a more active Belgian participation to the VLTI project. Participation of Belgium to the multi-partite VLTI enhancement agreement would of course enable Belgian astronomers to be involved, since the beginning, in interferometric observations of celestial sources with VISA and later on with the VLTI. 

The 36th Liège International Astrophysical Colloquium, organized on 2-5 July 2001, was entitled: "From optical to millimetric interferometry: scientific and technological challenges". Members of the Scientific Organizing Committee came from ROB, KULeuven and Liège. 

    

I.6. synoptic List of work packages

Record the title of each work package (as described in I.5) and the list of partners involved in its production.

1. Work package title: Asteroseismology
Partners involved (promoter, institution) : All four (Leuven - Liège - ROB - VUB)
2. Work package title: Stellar and galactic evolution
Partners involved (promoter, institution) : Liège - Leuven - ROB
3. Work package title: Massive luminous stars and high energy astrophysics
Partners involved (promoter, institution) : Liège - ROB - VUB (+ small involvement 

 of KU Leuven)

4. Work package title: Extragalactic astrophysics & ILMT
Partners involved (promoter, institution) : Liège - ROB
5. Work package title: VLTI and high angular resolution astrophysics
Partners involved (promoter, institution) : All four
6. Work package title:      
Partners involved (promoter, institution) :      
7. Work package title:      
Partners involved (promoter, institution) :      
8. Work package title:      
Partners involved (promoter, institution) :      
9. Work package title:      
Partners involved (promoter, institution) :      
10. Work package title:      
Partners involved (promoter, institution) :      
11. Work package title:      
Partners involved (promoter, institution) :      
12. Work package title:      
Partners involved (promoter, institution) :      
13. Work package title:      
Partners involved (promoter, institution) :      
14. Work package title:      
Partners involved (promoter, institution) :      
15. Work package title:      
Partners involved (promoter, institution) :      
I.7.  main skills of the partners

Give the list of partners and record the main skill of each of them in relation to the project.

1. Partner (promoter, institution): Univ. Liège,      
Main skill: in all five themes
2. Partner (promoter, institution): KU Leuven,      
Main skill: asteroseismology, stellar and galactic evolution
3. Partner (promoter, institution): Royal Observatory,      
Main skill: massive luminous stars, ILMT, asteroseismology
4. Partner (promoter, institution): Vrije Universiteit Brussel,      
Main skill: asteroseismology, stellar evolution massive luminous stars
5. Partner (promoter, institution):      ,      
Main skill:      
6. Partner (promoter, institution):      ,      
Main skill:      
7. Partner (promoter, institution):      ,      
Main skill:      
8. Partner (promoter, institution):      ,      
Main skill:      
9. Partner (promoter, institution):      ,      
Main skill:      
10. Partner (promoter, institution):      ,      
Main skill:      
11. Partner (promoter, institution):      ,      
Main skill:      
12. Partner (promoter, institution):      ,      
Main skill:      
13. Partner (promoter, institution):      ,      
Main skill:      
14. Partner (promoter, institution):      ,      
Main skill:      
15. Partner (promoter, institution):      ,      
Main skill:      
16. Partner (promoter, institution):      ,      
Main skill:      
17. Partner (promoter, institution):      ,      
Main skill:      
18. Partner (promoter, institution):      ,      
Main skill:      
I.8. Network organisation and management
(max. 3 pages)

Describe the network’s organisation as well as the practical terms governing collaboration and interaction between the partners (taking account of the fact that joint working is one of the IAP Programme’s objectives) 

The plan is to continue (and of course expand) the organisation used during P4/05, i.e. :

· in the 4 institutes, and especially in that of the co-ordinator, have several meetings per year of a "steering committee" in order to discuss research topics, manpower, operations, purchase of equipment, etc. The main persons thus involved are

· Liège : P. Magain, A. Noels, J. Surdej, J.P. Swings and J.M. Vreux (deputy : G. Rauw)

· Leuven : C. Aerts, C. Waelkens

· ROB : R. Blomme, H. Hensberge

· VUB : C. Sterken, H. Duerbeck

· on the occasion of national meetings (Contact Group, Space Committees, National ESO Committee, etc.): gathering of all partners and discuss matters of general interest;

· once a year : general meeting with OSTC representative;

· whenever possible: contacts with members of follow-up team.

In addition, there exists a "Belgian Asteroseismology Group" and plans are made for a "Belgian Interferometry Group" in order to foster more discussions, collaborations, involvements in training of young scientists.

     
I.9. re-organisation OF THE PROject
To be completed only if the initial proposal has to be be adapted as a result of the selection outcome. If this implies changes in the composition of the network and/or the budget, it may be that it is not longer possible to pursue (achieve) the originally proposed objectives.
In this case, describe and clarify the re-organisation of the project compared to the initial proposal. 

(max. 3 pages).


The drastically reduced level of funding encountered by some partners of the IAUP network will naturally be detrimental to the science that ought to be produced during the years 2002-2006.


The most critical result will be a severe reduction in the number of researchers that will be paid by the IUAP, in particular the graduate students and the postdocs: therefore the number of Ph.Ds will very unfortunately go down (in Liège in particular).


Searches for other sources of funding will of course be made (or have been made already), such as PRODEX, an "Action de Recherche Concertée" at the KU Leuven, etc); nevertheless it is clear that a negative impact is to be expected in some areas (stellar and galactic evolution, ILMT and VLTI e.g.).

I.10. 
Previous IAP-pHASES

To be completed only if the present network was funded during earlier phases of the IAP programme. 
Mention the earlier phases of the IAP programme (I, II, III or IV) and the titles of projects in which the partners of the present network have participated.


Three of the four partners (Liège, Leuven, ROB) were involved in P4/05.


The report of the ex-post evaluators clearly shows that that network was successful.

I.11. 
Valorisation OF SCIENTIFIC ACTIVITIES

(max. 3 pages)

List the different possibilities of valorisation of the network’s activities, i.e. the dissemination, usage and transfer of acquired knowledge during the project in various ways such as expositions, publications, presentations, reports, teaching and other forms of transfer of knowledge. This should concern in particular the general public.

This list is indicative and is not subjected to the provisions of article 16.1 of the IAP-contract.


The activities, and especially the scientific results, will be presented e.g. at :

- national and international meetings or workshops;

- on the occasion of national and international meetings that we plan to organize;

- courses at undergraduate and graduate studies levels, as well as summer/winter 

  schools;

- talks that we are asked to give at many levels (schools, service clubs, open days,

   learned societies, planetaria, etc.).


In addition the scientific results will of course be published in international journals, especially the european ones.

II : Budget (global distribution per partner


)
(not to be completed for the corresponding partner)

(in EURO, without decimals)


Personnel
Operating costs
Equipment
Overheads 
Subcontracting
Total

Partner :

ULg
875000
130000
40000
55000

1100000

Partner :

KU Leuven
305000
50000

20000

375000

Partner :

Royal Obs.
580000
35000
22000
12000

650000

Partner :

VUB
290000
35000
40000
10000

375000

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

Partner :

     
0
0
0
0
0
0

European partnership 1:

     
0
Not allowed
Not allowed
Not allowed
0

European partnership 2 :

     
0
Not allowed
Not allowed
Not allowed
0

European partnership 3:

     
0
Not allowed
Not allowed
Not allowed
0

European partnership 4:

     
0
Not allowed
Not allowed
Not allowed
0

Total

0

Note: The budget for the European partnership in the table is the budget attributed by the IAP-programme only.

· Personnel: indexed gross remunerations; employer’s social contributions; statutory insurance costs as well as any other compensation or allocation legally due in addition to the salary; the reimbursements for PhD grant holders (exempt from tax and benefiting from social security) . Personnel costs must account for minimum 60% of the total budget attributed to each partner of the network. The costs for the tax-free PhD grants may not account for more than 50% of the total personnel costs.

· Operating costs: basic supplies and products for laboratory, workshop or office; documentation; travel and accommodation; use of computing facilities; software; telecommunications; maintenance and operation of equipment and, more generally, consumables; hosting of visiting foreign researchers; reimbursements for non-EU grantees in accordance with the  OSTC rules.

· Equipment: acquisition and installation of scientific and technical appliances and instruments, including IT equipment placed at the project’s disposal. Equipment cannot be asked for during the last year of the programme.

· Overheads: general expenses of the institutions covering, on an inclusive basis, administrative, telephone, postal, maintenance, heating, electricity, rental, material depreciation and insurance costs. The total amount for this heading may not exceed 5% of total personnel and operating costs.

· Subcontracting: costs incurred by a third party in order to perform tasks or provide services necessitating specific scientific or technical skills outside the normal framework of the institution’s activities Each request for subcontracting needs a approval from the programme administrator.

III. COMPOSITION OF THE FOLLOW-UP COMMITTEE

The follow-up committee is composed of the different partners of the network mentioned in Section I.2., a minimum of 3 experts from outside the network and belonging to the scientific community (Belgian or non-Belgian), and a representative of the OSTC.

Mention here the experts from outside the network who agreed to participate in the follow-up committee of the network.

1. Name of expert: CHRISTENSEN-DALSGAARD Jorgen
Speciality : Asteroseismology
Institution : Institute of Physics and Astronomy
Research unit :      
Address :

Road/Street : Ny Munkegade
No. : Building 520
Post code : 8000
Town/City : Aarhus C
Country: Denmark
Tel. : +45 8942 3614
Fax. : +45 8612 0740
Email : jcd@ifa.au.dk
2. Name of expert: LENA Pierre
Speciality : Interferometry
Institution : Université Paris 7
Research unit : Observatoire de Meudon
Address :

Road/Street :      
No. :      
Post code : F-92195
Town/City : Meudon
Country: France
Tel. : +33 (0)1 4507 7951
Fax. : +33 (0)1 4507 7102
Email : pierre.lena@obspm.fr
3. Name of expert: MAEDER André
Speciality : Massive luminous stars
Institution : Observatoire de Genève
Research unit :      
Address :

Road/Street : Chemin des Mailettes
No. : 51
Post code : CH-1290
Town/City : Sauverny
Country: Suisse
Tel. : +41 22 755 2611
Fax. : +41 22 755 3983
Email : andre.maeder@obs.unige.ch
4. Name of expert:      
Speciality :      
Institution :      
Research unit :      
Address :

Road/Street :      
No. :      
Post code :      
Town/City :      
Country:      
Tel. :      
Fax. :      
Email :      
5. Name of expert:      
Speciality :      
Institution :      
Research unit :      
Address :

Road/Street :      
No. :      
Post code :      
Town/City :      
Country:      
Tel. :      
Fax. :      
Email :      
6. Name of expert:      
Speciality :      
Institution :      
Research unit :      
Address :

Road/Street :      
No. :      
Post code :      
Town/City :      
Country:      
Tel. :      
Fax. :      
Email :      
FEDERAL OFFICE FOR SCIENTIFIC, TECHNICAL AND CULTURAL AFFAIRS
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� More than 15 pulications in major journals have already shown the potentialities of this method (see earlier).
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