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Preliminary considerations


The present report describes the scientific activities performed in 2003 in the frame of Inter University Attraction Pole P 5/36, "Modern aspects of theoretical and observational (ground-based and space-borne) astrophysics": they are given in the five chapters dealing with the five work-packages of our network.


The personnel involved in the IAP research topics is given in the administrative report, i.e. in the tables requested by the Belgian Office of Science Policy: these tables are appended for information to the present report (Appendix 2).

Concerning the younger part of this personnel, it is definitely worth mentioning that six IAP-related doctoral dissertations were defended in 2003 : their list is given in Appendix​1.  

A steering committee meeting was organized at OSTC
 on January 20, 2003 : on that occasion a presentation of 2002 activities and highlights was delivered by the four partners and a discussion took place on some recent developments. The OSTC representative recommended that our IAP network and activities be put on the web : we are pleased to confirm that the web pages and the links to the various research teams and scientific topics (work packages) have been completed and are regularly updated
.


A large meeting was also organized on November 3, 2003, with the presence of the Follow-Up Committee members: details are to be found in the introduction to the administrative section of this report.


It is a pleasure to indicate that since October 1, 2003 Dr. Emmanuelle Javaux (formerly postdoc at Harvard, Cambridge, USA) has been hired "in the context" of IAP P5/36 as an OSTC postdoctoral fellow (2 year contract at ULg): she will attempt to set up an astrobiology team (closely linked to the subject of exoplanet searches, i.e. of interferometry which is one of the IAP workpages). Astrobiology could well become an interesting theme of our IAP, especially if a federal center for astrobiology is created in Belgium in 2004.
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I. ASTEROSEISMOLOGY

During the past several years, asteroseismologists of the Instituut voor Sterrenkunde of the K.U.Leuven, of the Institut d'Astrophysique et Géophysique of the ULg and of the Royal Observatory have succesfully collaborated on many different topics in asteroseismology (we refer to the
publication list in the annual reports of the previous IUAP). The collaboration is now extended to the Observational Astronomy Group of the V.U.B. This implies the participation of all the members of the Belgian Asteroseismology Group (BAG). The BAG was founded in 2000 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. It mostly concerns COROT, a French-led European mission, which is in full preparation at present, with launch foreseen in 2005 and lifetime of about two years. Several members of the BAG are involved in the development of this mission.


1. Hare and Hound exercises for the COROT mission

Solar type stars

In the context of the preparation of the COROT space mission, "hare-hound" exercises were independently performed by several teams of the COROT Seismology Working Group. The aim of such exercises, which are commonly used in helioseismology, is to prepare the data analysis and scientific interpretation of the asteroseismic COROT observations. This will help in the development and testing of the tools which are needed for the interpretation.


The exercise was divided in four consecutive steps, each performed independently by a different group: 
       1.Produce a set of theoretical oscillation frequencies (with degrees = 0,1,2,3) and their rotational splittings for a stellar model satisfying given constraints on luminosity L, effective temperature Teff and chemical composition Z/X. A solar type star was chosen.

      2.Construct a COROT simulated time series including the set of theoretical frequencies, COROT noise, stellar noise, inclination angle of the rotation axis, amplitude and life time of the modes.....
       3.Extract from the synthetic spectra the frequencies and splittings with their formal errors leading to an "observed" set of frequencies.

       4.Derive the structure and rotation of the stellar model from the set of frequencies.

For the COROT Week 3, which was organized in Liège, we joined the "hare and hound" exercice at step 4, from a different angle than the other teams. We compared our numerical stellar evolution code and our oscillation code to those used by other (French) teams. By comparing the results of different "theoretical" codes, it is possible to get an estimate of the "theoretical uncertainty" on the results. This is of course essential for the interpretation of the future seismic data.


We found that for the solar-type star chosen for the exercise, we had an almost perfect agreement with the results of the French Team, at least for the evolutionary track of that star in the HR-diagram, and for the oscillations of the star. We had to use slightly different parameters for the star. This will need more in-depth analysis.

       (Cen
Models of  Cen A & B have been computed using a new mass determination together with seismological data obtained very recently. These new data do help improve our knowledge of the evolutionary status of the system. All the constraints are satisfied with a model which gives an age of about 6 Gyr for the binary.


       ( Cephei stars


We have run two BAG COROT H&H exercises for B stars, the results of which have been presented at the 4th COROT held in June 2003 in Marseille. The conclusion of the COROT team was that a Beta Cephei star should indeed be included in the primary targets of the COROT mission.

2. ( Cephei Stars

16 Lacertae

A seismic modelling of the massive star 16 Lac has been made. We have compared a new  spectroscopic mode identification with a photometric identification based upon a non-adiabatic description of the eigenfunctions in the star atmosphere. Numerous theoretical models have been
computed in order to select the best model fitting the observed frequency values as well as the mode identifications. The derived mass is 9.62 solar masses with an age of 15.7 million years.

( Crucis

We have obtained photometric data assembled by the NASA space mission WIRE of the  Cephei star beta Crucis (Mimosa). A total of 5 million observations covering 17 days was analysed and the three main periods found in this way are in perfect agreement with the results derived earlier from line profile variations. The photometric amplitudes are small (3, 2.7 and 0.6 millimag for the dominant modes), but this is not surprising in view of the mode identifications derived earlier from the line profiles. Additional periods of low-amplitude modes (between 0.2-0.3 mmag) are also derived, including one suggested earlier by the radial velocity data.


       ( Centauri


We have performed an observational study of the orbital motion and the intrinsic variability of the double-lined spectroscopic binary  (Cen. Using 463 high signal-to-noise, high-resolution spectra obtained over a timespan of 12 years it is shown that the radial velocity of  (Cen varies with an orbital period of 357.0 days. We derive for the first time the orbital parameters of the system and find a very eccentric orbit (e=0.81) and similar component masses with a mass ratio M1/M2=1.02.  (Cen forms a 
challenge for current evolution scenarios in close binaries and it is also a puzzle how a massive binary with such a large eccentricity could have formed in the first place. Both the primary and the secondary exhibit line-profile variations. A period analysis performed on the radial velocity variations of the primary after prewhitening the orbital  motion leads to the detection of at least 3 pulsation frequencies while the star does not show any periodic photometric variability.


       (Eri


We try to model  (Eri by fitting the four most significant, independent frequencies that are present in both the photometric and spectroscopic data. So far we encounter a puzzle : a non adiabatic analysis of the solutions best fitting the observed frequencies shows that these modes are not excited. We now  study the influence of a different mixture of heavy elements.

 
    Eclipsing binary HD 92024


HD 92024 is an eclipsing binary with a (Cephei primary. By combining the orbital and pulsational information from this system, a strong seismic analysis is possible if the multiple modes of oscillations can be identified. The bulk of observations have been collected during the last 15 years, by collaborators from three IAP network partners, at ESO, La Silla with in particular 4-band photometry from the Strömgren Automatic Telescope (SAT). The most recent spectroscopic observations were 
collected with the FEROS spectrograph during 2001-2002, which brings the total number of spectra above 130, while the last lightcurve data from the SAT rounded 1200 in the year 2003. The time-series
spectroscopy shows profound LPVs in the single-lined spectrum due to the pulsations in the (Cephei and we find indications of three pulsation frequencies in the radial-velocity data. Because radial velocities (RVs) from spectral lines were strongly affected by line-profile variations (LPVs), a novel method was developed to measure the orbital RVs. By matching pairs of spectra with similar LPV patterns and cross-correlating them, it was possible to get RV differences across the full orbital phase. With a software routine designed by our Croatian collaborators, a Keplerian eccentric orbit was then iteratively optimised to fit the RV differences. This approach significantly reduced the influence of the LPVs on the orbital solution and resulted in an improved orbital period, a small, but significant, eccentricity (e=0.03), and stellar masses of 15 and 3 solar masses with corresponding radii of 8.3  and 2.1 solar radii and temperatures of 25500 and 12500 K. In the course of 2004, the orbital and dimensional analysis will be concluded. Then the orbital imprint will be removed from the spectra and the light curves (with more out-of-eclipse observations added). We will then attempt to detect the secondary spectrum and to identify the pulsation modes. Finally, if successful in the latter, an asteroseismological analysis will be performed in order to gain insight into the stellar structure and other physical properties of the pulsating star.


     HD 129929


We have gathered and analysed a timeseries of 1493 high-quality multicolour Geneva photometric data of the B3V (Cep star HD 129929. The dataset has a time base of 21.2 years. The occurrence of a beating phenomenon is evident from the data. We find evidence for the presence of at least six frequencies, among which we see components of two frequency multiplets with an average spacing of ~0.0121 cd-1 which points towards very slow rotation. This result is in agreement with new spectroscopic data of the star and also with previously taken UV spectra. We provide the amplitudes of the six frequencies in all seven photometric filters. The metal content of the star is Z = 0.018 ± .004. We then performed a detailed seismic study of the (Cep star HD 129929. Our analysis is based on 
the recent derivation of six pulsation frequencies. These frequencies are unambiguously identified from the seismic modelling and the photometric amplitudes to be the radial fundamental, the l = 1, p1
triplet, two consecutive components of the l = 2, g1 quintuplet. A non-adiabatic analysis allows us to constrain the metallicity of the star to  Z  [0.016,0.022]. In addition, the fitting of three independent frequencies, two of which correspond to axisymmetric (m = 0) modes, allows us to constrain the core overshooting parameter to OV = 0.10 ± 0.05, as well as the other global parameters of the star. Finally, from the observation of the l = 1 triplet and part of the l = 2 quintuplet, we derive constraints on the internal rotation of this star.


     Kappa Sco


Kappa Sco is a binary Beta Cephei that is known to be multiperiodic. In two short data sets (separated by 152 days) obtained by the star camera of the satellite WIRE the known main period of 4.8 hours is clearly present.

 The secondary period could also be found, but more periodicities seem to be present. A new analysis of high resolution spectral data lead to a better solution of the parameters of the binary and the first attempts to mode identification were made. 

3. B and SPB stars

A slowly pulsating B star : HD 147394
In the framework of a long-term spectroscopic and photometric monitoring of slowly pulsating B stars we studied thoroughly the northern target star HD 147394. We performed an end-to-end analysis, consisting of a frequency analysis, a mode identification from line-profile variations and a comparison with theoretical pulsation models.


     He and Si surface inhomogeneities of four Bp variable stars


We present ground-based multi-colour Geneva photometry and high-resolution spectra of four variable B-type stars: HD 105382, HD 131120, HD 138769 and HD 55522. All sets of data reveal monoperiodic stars. A comparison of moment variations of two spectral lines, one silicon line and one helium line, allows us to exclude the pulsation model as being the cause of the observed variability of the four stars. We therefore delete the four stars from the list of candidate slowly pulsating B stars. We 
attribute the line-profile variations to non-homogeneous distributions of elements on the stellar surface and we derive abundance maps for both elements on the stellar surface by means of the Doppler Imaging technique. We confirm HD 131120 to be a He-weak star and we classify HD 105382, HD 138769 as new He-weak stars. HD 55522 has the solar helium abundance but the mean abundance value of He varies by 0.8 dex during the stellar rotation. For HD 131120 and HD 105382, helium is enhanced in regions of the stellar surface where silicon is depleted and depleted in regions where silicon is enhanced.

 
     Application of spectral disentangling to slowly pulsating B stars (SPB) in binaries


We want to investigate: (1) to which extend current disentangling codes can be used for systems containing a pulsating component, (2) if the results of the pulsational analysis can be improved by first subtracting the contribution of the non-pulsating components from the spectra. Our investigation is based on observed high-resolution spectra of HD 140873 and HD 123515 obtained with the CAT/CES combination at La Silla in 1996-1998, and on synthetic data. HD140873 and HD123515 are both non-eclipsing double-lined binaries in eccentric orbits of 39 and 26 days. The broad-lined primary of HD140873 is an apparently monoperiodic SPB, while the sharp-lined primary of HD123515 is a multiperiodic SPB prototype. The spectral disentangling seems to be working fine in the case of 
HD140873. After removal of the secondary from the data, we re-analyzed the pulsations of the primary, which leads to a better agreement in the temporal behavior of the two SiII profiles. For HD123515, spurious features appear in the disentangled component spectrum for the secondary. We suspect that these features are induced by the pulsations of the primary, which is supported by the tests we did so far with similar synthetic data sets. However, more tests on synthetic data are needed to understand under which conditions the disentangling of the component spectra is applicable to binaries with a SPB component. Presently, two IAP partners are involved in this study.

4. (Scuti and  (Doradus stars


     XX Pyx
Spectroscopic and multicolour photometric evidence was presented, supporting the binary nature of the  Scuti star XX Pyx. Applying a cross-correlation technique to the spectra, we found clear radial-velocity variations with a large amplitude. We derive the orbital parameters and confirm an orbital period of 1.15d, as suggested previously on the basis of photometric variations. The amplitude of the slow variations present in our new multicolour data is wavelength independent, pointing also to a geometric effect as origin of the variability. They are thus fully consistent with the spectral variations and are interpreted as ellipsoidal variations. XX Pyx has a circular orbit of which the radial-velocity variations have a semi-amplitude of 17.8+/-0.4km s-1. The single-lined binary nature of the star, together with the mass function, lead us to conclude that the orbital inclination must be larger than 10 degrees. The orbital solution is compatible with a synchronized M3V companion. The deformation of the primary due to tidal forces is very probably the reason for the failure of detailed seismic modelling efforts done recently.


     Theoretical instability strips for ( Scuti and  (Doradus stars


New theoretical instability strips for  (Sct and  (Dor stars are presented. These results have been obtained taking into account the perturbation of the convective flux following the treatment of Gabriel (1996). For the first time, the red edge of the  Sct instability strip for non-radial modes is obtained. The influence of this time-dependent convection (TDC) on the driving of the  (Dor gravity modes is investigated. The results obtained for different values of the mixing-lenght parameter  are compared for the  (Dor models. A good agreement with observations is found for models with  between 1.8 and 2.0.


      (Doradus stars

We have reported on our results from a large photometric campaign on thirty five  Dor star candidates undertaken in the framework of the Flanders - South-Africa project. An overview of the data, as well as the results of the analysis of the obtained time series are presented, the main conclusion being that nine stars are thought to be multiperiodic gamma Dor stars and eight monoperiodic. We also performed a photometric mode identification for two stars of the sample by comparing the amplitude ratios in the different passbands of the Geneva photometric system. Both stars seem to pulsate in non-radial modes of degree l = 1.


     DG Leo: a triple system containing a ( Scuti star


DG Leo is a hierarchical triple system with all three components situated in the  Scuti instability strip. About 100 hours of uvby photometry and 1000 CCD V measurements allowed the detection of three pulsation frequencies. The spectra of the individual components were obtained by applying the spectral disentangling technique to a high-resolution time series of spectra obtained in 2003 at OHP. The component spectra reveal that the close binary consists of two mild Am stars and that line profile variability on the time-scale of the pulsations are detected only in the wider component. The analysis of DG Leo puts empirical constraints on the development of pulsations in stars of the same mass and age, but different chemical composition in the outer layers. A detailed abundance analysis of each component is on the way. Moreover, the pulsational spectral line variability will be analysed, after removal of the orbital signatures, and will be combined with the photometric information. 


5. Variable stars in clusters

Variable stars in star clusters share common ages, original chemical composition and distance, which strongly simplifies the comparison with theoretical models. We take advantage of this when studying pulsating variables in the globular cluster  Centauri (though metal abundance is a free parameter in this case), a collaboration between two of the IAP partners and colleagues in Rome (OAR), Germany AIP) and Denmark (CUAO), and in a second project where we search for open clusters well suited for multi-site campaigns of  Sct stars. 


       (Centauri

A photometric investigation is carried out on  (Centauri with the purpose of detecting and studying its variables, and improving the understanding of its complex formation history. The observations are based on FORS observations (Chile, Paranal) obtained at high angular resolution (seeing better than 0.3 arcseconds), approximately 5000 time-series points from the Danish 1.54 meter telescope (Chile, La Silla) and observations from the ESO archive (WFI/2.2m, HST, VLT). All observations have been collected, and during a working stay in Rome, the more than 5000 images were corrected for  instrumental effects (basic reductions). Preliminary ALLSTAR photometry, performed on selected data in Brussels, confirmed the presence of a huge population of blue straggler stars (BSS), among which new candidate variables of the type SX Phe were found (Freyhammer & Sterken, 2003). Based on the ALLFRAME code, an automatic photometry reduction procedure has now been developed by the collaborators in Rome, who are currently extracting multi-colour photometry from the images. Photometric reduction and absolute calibration of the HST and VLT images of  Centauri has been finished, and currently the WFI/ESO 2.2m images and the Danish 1.54m time-series data are being reduced. The last photometry is expectedly finished during the first half of 2004. The results from the
ALLFRAME photometry for HST and VLT images, now comprising 1.3 million stars, reveal new very detailed features in the MS turn-off and RGB-branch morphology, strongly visible in the (U-I) colour. The photometry will be used to study the evolution of the cluster, perform tests of stellar evolutionary models and with the available time series identify and prepare future investigations of SX Phe stars suitable for seismic tests.


     NGC 1817


With the Nordic Optical Telescope (NOT, Canary Islands), selected northern open star clusters are examined for their content of short-period variables of the types  Scuti and  Cephei, currently the most successful classes of variables applied in asteroseismic tests. Photometry of clusters with several of such variables inside convenient field-of-views is then followed up by spectroscopic studies, and photometric multi-site campaigns, which is particularly feasible on the northern hemisphere. The current cluster monitored with the NOT, NGC 1817, was a cluster already known to host 7 potential  Scuti stars, and in collaboration between the two IAP partners in Brussels and Aarhus University (Denmark, IfA), 5 nights in December 2002, were used to collect time-series observations in B and V as well as uvby standard data. Preliminary results from the analysis of these observations, presented in Arentoft et al (2004a , 2004b), announced the detection of 14 new variable stars in the cluster. This brings the total number of known variable stars in NGC 1817 up to 19, including 12 multi-periodic  Scuti stars. In one case, a Scuti star is also member of an eclipsing binary system, which is valuable 
for obtaining precise, independent stellar parameters. Calibration of the broadband photometry is now almost finished and is used to confirm the location of the new variables inside the  Scuti instability strip, while the standardisation of the uvby data is still in progress. The open cluster studies run in three stages on more clusters: 1) identification of clusters hosting several short-period variables, 2) through uvby photometry and spectroscopy derive physical stellar parameters required for selection of variables suitable for seismic analysis, and 3) a multi-site campaign on the cluster variables in order to reduce the power of alias frequencies in frequency analysis.

6. A and F stars

First results of Mercator observations
The Mercator telescope is a new 1.2 meter telescope located on the Roque de los Muchachos observatory on La Palma, Spain. The scientific observations started in spring 2001. Currently, the instrument attached to the telescope is the "P7" which is a two channel (star + sky) photometer for quasi-simultaneous 7 band measurements in the Geneva photometric system. Since 2001, the telescope has been intensively used to observe pulsating B, A, and F main sequence stars. We have at present 
31 data sets of A and F stars, containing mainly  (Doradus stars and 28 data sets of B stars. All data sets were subjected to an extensive frequency analysis, where objectivity was imposed by having each star  independently analysed by two or three researchers. The frequency analysis was done with the PDM method and with the Lomb-Scargle method. We find that most stars are clearly multiperiodic. From these results, the most promising targets have been selected for long-term monitoring. 


7. Non-adiabatic analysis

The study of the non-adiabatic character of stellar oscillations can give precise informations about their internal structure. First, we studied in details the influence non-adiabatic temperature variations on line profile variations of B-type pulsators. Our non-adiabatic pulsation code also allows us to determine the theoretical amplitude ratios and phase differences of the light curve as seen in different colour filters. By confronting these theoretical predictions to the observations, it is possible on one hand to determine the degree l of the modes and, on the other hand, to obtain precise informations about the stars. We call this method Non-adiabatic Asteroseismology. We applied this method to the study of B-type pulsators and showed that strong constraints on the metallicity of these stars can be obtained by this approach. We applied also this method to the study of A- and F-type pulsators, in a close collaboration with the Instituto de Astrofisica de Andalucia, Spain. We showed that the characteristics of the thin convective envelope of these stars can be constrained with this approach. Our last works in this frame have been to include the new ATLAS9 atmosphere models in our non-adiabatic code. These models have been computed using three different convection treatments (mixing length theory -MLT-, Canuto and Mazzitelli (1991), and Canuto, Goldmann and Mazziteli 1996) and therefore allow us to compute complete (atmosphere and interior) stellar models with a consistent treatment of convection.

8. Spectroscopic analysis

Spectroscopic analysis of pulsating stars
We implemented a new version of the moment method to identify modes of pulsating stars from high-resolution spectroscopy. This new version is generalised to rotating stars and is more appropriate to multiperiodic stars than any of the other methods available thus far. We have applied the new method to several pulsating B stars and will continue to do so in the near future.

 
     Spectroscopic analysis of the COROT primary targets


The interpretation of the asteroseismological data requires a precise knowledge of the basic stellar parameters: mass, effective temperature, luminosity, chemical composition.  Pierre Magain is coordinating the spectroscopic analysis of the main COROT targets, in order to determine these parameters with the highest possible accuracy.  Together with Michaël Gillon, they have also started their own detailed analysis, on the basis of high resolution and high signal-to-noise spectra obtained at several observatories by the COROT team.

Their method, which combines a precise calibration of the data with a severe selection of the spectral lines, has first been applied to the coolest stars of the sample, and has provided results of unprecedented accuracy.  The effective temperature is determined to within 30K, and the accuracy in metallicity is now mostly limited by the uncertainties in the chemical composition of the sun, rather than by the comparison between the sun and star.  The first results, as well as a comparison with other techniques, will soon be published (Bruntt et al., 2004).

In order to obtain accurate atmospheric parameters and chemical composition for the stars with rapid rotation, we have devised a new spectroscopic analysis technique, which takes into account the fact that the strong line broadening implies that basically no line remains isolated.  This method is based on the fitting of line blends by synthetic spectra, together with a re-determination of the continuum level, taking into account the many weak lines which are present in the pseudo-continuum windows.  The blends are classified according to their sensitivities to the different atmospheric parameters and the comparison of blends with different sensitivities allows to determine the effective temperature, surface gravity and chemical composition.  It allows to obtain results of good accuracy, even for stars with rotation velocities larger than 50 km/s (Gillon et al., in preparation).

9. ENEAS

The European Network of Excellence in AsteroSeismology (ENEAS) was created on 11 October 2002 during a kick-off meeting held in Leuven (Belgium) at the initiative of the Belgian Asteroseismology Group. The purpose of ENEAS is to provide an efficient coordination between the numerous, already existing European initiatives in asteroseismology and to achieve an effective integration of all European expertise in this research domain through numerous exchanges of the ENEAS scientists. Another prime goal of ENEAS is to prepare European scientists for the huge databases of seismic data of stars that will be delivered by European space missions, such as COROT and Eddington, in the near future. Any information on ENEAS can be found at the ENEAS web page: http://www.eneas.info

This web page will gradually include more and more applications, such as basic information about ENEAS, databases of seismic observations, a database of analysis tools with user-guidelines, outreach material, asteroseismology courses etc. Besides this electronic communication channel, we will publish any ENEAS matters in the journal Communications in Asteroseismology under editorship of M. Breger (Vienna University).

Meanwhile, 256 scientists from 43 institutes have joined ENEAS. 
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II. STELLAR AND GALACTIC EVOLUTION

From the ULg group
In the frame of the self-enrichment scenario for GC formation we are currently developing, we have explored the ability of the proto-globular cloud swept by the first generation of metal-free SNeII to become gravitationally unstable and, thus, to seed the formation of second generation stars which may later on form a bound cluster (Parmentier 2003, submitted to MNRAS).  It appears that the high external pressures, typical of the protogalactic era, combined with the number of SNeII required to achieve Galactic halo metallicities, actually support the formation of new stars.  

The debate of how Population III stars looked like has been raging for many years.  There is no agreement yet on whether they consisted of very massive objects only (i.e., stars with mass larger than 100M( ending their life as pair-instability hypernovae) or whether such a first generation included "canonical" massive stars.  In order to disentangle between these two possibilities, we have investigated hypernova yields.  This point is worth being worked out as hypernova explosion energies can be as high as 1053 ergs, i.e. an amount of energy large enough to sweep an entire protoglobular cloud.  However, the metallicities and abundance ratios achieved in gas swept by pair-instability hypernovae (−3 < [Fe/H] < −2 and  [Zn/Fe] ~ −1.5) do not match what is observed in halo GCs (−2.5 < [Fe/H] < −1 and [Zn/Fe] ~ 0).  Similar problems arise with core-collapse hypernovae, that is, supernovae with a "canonical" mass, although larger than 25 M(, which, for some still ill-determined reasons, explode with energy as large as 1053 ergs (−4 < [Fe/H] < −3 and  [α/Fe] ~ 0).  While the low metallicity achieved in the gas swept by such exotic objects makes them suitable to explain the origin of very metal-poor stars (i.e. [Fe/H] < −2.5) with peculiar abundances, in the frame of our self-enrichment model, a first generation of canonical SNeII appears as the only viable way to explain the metallicity and the abundance patterns of GC stars. 
On the observational side, we have determined the abundances of a few more chemical elements in the 21 stars previously analyzed by Jehin et al., whose analysis had been at the origin of the EASE scenario proposed by our team a few years ago.  While the original Jehin et al. analysis concentrated on the heavier elements, we have examined the behaviour of some light one, among others carbon, oxygen, sodium and aluminum, which are important tracers of the nucleosynthetic processes at work in the stellar interiors.

We have found that, in stars that are thought to have accreted matter expelled by AGB (Asymptotic Giant Branch) stars, i.e. those exhibiting excesses of neutron-capture (s-process) elements, the carbon abundance is anticorrelated with the s-process abundances.  We interpret this as the effect of the so-called ‘hot bottom  burning’, which would bring to the surface of the AGB stars the products of hydrogen-burning by the CNO-cycle.

On the other hand, we have found that, although all the α-elements abundances are correlated with each other, the slopes of the correlations differ from unity, in the sense that the lighter elements show a larger range of variation than the heavier ones.  This does not fit well with the original EASE scenario, which postulates that stars showing different α-elements abundances (relative to iron) have formed and escaped the proto-globular cloud at different stages during the explosions of SNeII.  The stars having the lowest α/Fe ratios would have formed earlier, when only the most massive of the SNeII have exploded, while stars with higher α/Fe would have formed at the end of the SNeII phase.  As the most massive stars are expected to overproduce the lighter α-elements, the observed trends cannot be explained by this original EASE scenario.  

We propose a modification of this scenario, in which all observed field halo stars have formed and escaped proto-globular clouds after the end of the phase of SNeII explosions.  However, we postulate that the proto-globular clouds exhibit a large mass range, and that the less massive of these clouds are unable (or less able) to give birth to very massive stars.  Thus, they would only be enriched by the nucleosynthetic products of moderate-mass stars (e.g., M < 20 M() and the second generation stars that we observe would show lower abundances of the lighter α-elements, as well as lower values of α/Fe.  This new scenario also neatly explains why none of these stars with lower α/Fe show signs of accretion: indeed, these low-mass clouds are weakly bound, unable to retain the matter expelled by the AGB stars and promptly disrupted by the tidal field of the galactic disk (De Cauwer et al., in preparation).

From the ROB team

The main objective is to study the final stages of evolution of intermediate mass stars, i.e. the evolution from the post-asymptotic giant branch (AGB) stage through the planetary nebula stage.This evolution is still poorly understood mainly because of a complex interplay among various physical processes between the star and nebula. However, it makes these objects excellent laboratories of astrophysical processes.

T. Ueta in collaboration with Meixner (STScI) presented his 2 dimensional (axisymmetric) dust radiative transfer code (2-Dust) in a refereed paper. 2-Dust models have now been constructed for the candidate post-AGB/supergiant HD 179821, the candidate luminous blue variable HD 168625, and the post-AGB star HD 56126 (IRAS 07134+1005). Most recently, Ueta and Van de Steene have been modeling a dust shell of IRAS 16594-4656 in cooperation with with De Vlieger (K.U. Leuven).

Ueta has also been continuing to improve the code through (1) parallelization and (2) inclusion of better treatments of dust grains.  The parallelization of the code has been carried out as a licentiaats-thesis project of De Vlieger (Ueta and Van de Steene have been co-promoting her with Van Winckel at K.U. Leuven). The improvement of the dust physics of the code has been carried out in collaboration with Szczerba at the N. Copernicus Astronomical Center in Poland. The main goal of the code upgrade is to include the capability to follow non-linear heating of very small dust grains that would results in excess emission in the near-infrared region of the spectrum. The  code's major incremental public release is planned shortly.

Ueta has acquired imaging polarimetric data from several post-AGB dust shells using NICMOS on-board the Hubble Space Telescope in collaboration with Murakawa (Subaru Telescope) and Meixner through a General Observer program. The project aims at investigating shell morphologies and dust properties through polarized starlight. Data analysis has been carried out at ROB and STScI, and is currently in its final phase. As part of data analysis, Ueta has had some help from Courbin (ULg) in using the MCS deconvolution technique developed by the group at ULg.

Ueta has also been analyzing the radio interferometric data of post-AGB stars obtained with the BIMA Radio Interferometric Array in Northern California in collaboration with Fong (Smithsonian Millimeter Array) and Meixner, in order to study the distribution and kinematics of CO gas surrounding these evolved stars. The data analysis is currently going on.

Van de Steene, in collaboration with van Hoof (Queens University Belfast) and Wood (RSAA, Australia), obtained moderately high resolution optical spectra of post-AGB stars. The goal is to obtain a statistically significant sample of post-AGB stars with known stellar temperatures and detailed information on the central star wind, for at least those objects that show P-Cygni type hydrogen emission. This will allow us to test theoretical mass-loss recipes for stellar evolution codes. This will lead to more realistic post-AGB evolution models and a better understanding of the role of post-AGB winds in PN formation.

In collaboration with van Hoof, Van de Steene and Ueta have investigated possibilities to determine accurately the stellar properties and chemical composition of these post-AGB stars with winds by constructing a grid of unified NLTE atmospheric models. The parameters of our specific interests have been found to fall in a numerically unstable regime (of the current NLTE codes). Alternative solutions to this problem need to be investigated. Spectral types and temperatures will be determined via other methods.

Van de Steene, in collaboration with P. van Hoof, (Queens University Belfast) studied the shock emission in the bipolar post-AGB star IRAS 16594-4656. Using optical and near-infrared photometry we determined the total extinction towards this object and derived its distance. The near-infrared spectrum shows strong H2 emission lines and some typical metastable shock excited lines. Based on the rotational and vibrational excitation temperatures, as well as the ortho-to-para ratio, we concluded that H2 is mainly collisionally excited. We managed to obtain further high resolution near-infrared spectra of H2 and [Fe II] with the Phoenix instrument on Gemini-South to investigate the proposed geometry and kinematics. In collaboration with Ueta these spectra have been reduced and analysed together with the H2 and polarization images from the HST archive which were retrieved and carefully reduced. 

Van de Steene in collaboration with Jacoby (WIYN telescope, NOAO, USA) wrote up the results of their survey in which they found 94 new planetary nebulae (PN) candidates within 2 degrees of the Galactic Center. For 63 of these, we obtained spectra that are consistent with highly reddened PNe, while 34 could not be recovered spectroscopically and remain unverified. An additional 20 PN candidates were found during follow-up Hα imaging but have not been verified spectroscopically. Based on the total luminosity of the Galactic bulge, the expected number of PNe is ± 250, only 50% more than the 160 PNe candidates now known, with the remainder likely hidden behind dust.
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III. MASSIVE LUMINOUS STARS AND HIGH ENERGY ASTROPHYSICS

During the year 2003, the network partners have continued their multi-wavelength investigation of early-type stars. 

A major effort was devoted to the ongoing study of massive binary systems of spectral type O + O or WR + O. Several aspects of this field have been addressed:

· The determination of fundamental parameters of early-type stars: the analysis of O-star binary systems where both components are still on the main sequence allows to determine stellar masses and radii that can be compared to the predictions of evolutionary models for single stars. In this context, we have studied the O9 + B1 system CPD-41° 7742. Combining the expertises of the network partners we have been able to achieve the best possible calibration of an extensive set of FEROS spectra of this object and the radial velocities derived from these data have been used to obtain the very first SB2 orbital solution for this binary (Sana et al. 2003). Photometric data of this system are currently being analysed and we found that the system displays eclipses that allow to constrain its orbital inclination and hence to derive absolute masses and radii. Recently, we have also investigated the multiplicity of 3 O-stars in the open cluster IC1805. All three stars were considered as binaries though no orbital solution was available for any of them. Our data confirm the duplicity of only one of them, BD+60° 497 (O6.5V + O8.5-9.5V) for which we derive the first SB2 orbital solution. The other two, BD+60° 501 (O7V) and BD+60° 513 (O7.5V), are most probably single objects (Rauw & De Becker 2004, submitted).

· The fraction of binaries among WR stars: this is a critical issue in order to constrain the importance of mass exchange in the evolution of Wolf-Rayet stars. We have analysed spectra of a sample of WN stars that were classified as binary candidates because of unusually faint emission lines in their spectra. Our results suggest that only 2 or 3 WR stars out of a dozen binary candidates are actually binaries. We are currently collecting data on some of these objects in order to derive an orbital solution.

· The analysis of phase-resolved X-ray spectroscopy of massive colliding wind binary systems of spectral type O + O or WR + O. Phase-resolved EPIC spectroscopy of HD152248 (O7.5III + O7III) reveals a clear orbital modulation of the X-ray luminosity that results essentially from the changing opacity along the line of sight (Sana et al. 2004, in press). Hydrodynamical simulations of the wind interaction in this system allow us to reproduce the general shape of the X-ray light curve as well as to explain the intensity of the X-ray flux (provided that we account for the contribution of the intrinsic emission from the individual components). However, the simulations overestimate the emission at the highest energies. This is probably due to the cooling process that cannot properly be accounted for in present-day numerical simulations. Finally, the XMM observations did not reveal the short-term variations of the X-ray flux expected as a result of instabilities in the highly radiative shocked wind. The latter result was further confirmed by the lack of short-term variations in the X-ray flux of HD159176 (O7V + O7V, De Becker et al. 2004a, in press). For this system, we tested a novel technique to simulate the spectrum of the colliding wind emission. We found no combination of the model parameters that allows to simultaneously reproduce the observed X-ray spectrum and luminosity of HD159176. Our results suggest that the mass loss rates of the stars in this system must be substantially lower than reported in previous studies and the stellar winds must collide with velocities that are much lower than the terminal wind velocities.
Another aspect that received much of our attention is the study of O-stars that are known to display non-thermal radio emission:

· The various partners of the network have contributed their expertise to the multi-wavelength campaign organised in order to study the presumably single non-thermal radio emitter HD168112. Two coordinated XMM and VLA observations separated by six months were obtained in 2002. Strong variability of the star was found both in the X-rays and the radio domain. The XMM data reveal a decrease of the flux level by about 30%, whilst the radio emission increased by a factor ~6 (De Becker et al. 2004b, submitted).  Comparison with archive data reveals an even more pronounced variability of this star in both energy domains. The X-ray variability is rather unusual for a single star and suggests that HD168112 might be a colliding wind binary. However, optical spectra failed to reveal significant radial velocity variations. 
· We have developed a theoretical model for the non-thermal radio emission from single hot stars, in terms of synchrotron radiation from relativistic electrons accelerated in wind-embedded shocks. This model, which calculates the synchrotron emission for a given distribution of relativistic electrons, is described by five independent parameters each with a straightforward physical meaning. We have applied this model to a radio observation of the non-thermal emitter Cyg OB2 #9 and obtained meaningful constraints on most parameters. The most important result is that the outer boundary of the synchrotron emission region must lie between 500 and 2200 stellar radii. This means that shocks must persist up to such distances. Our results are compatible with current hydrodynamical simulations (Van Loo et al. 2004, in press). We also finished the reduction of archive VLA radio observations on HD 168112. The interpretation and modelling of the results still remains to be done.

· An important question concerns the multiplicity of non-thermal radio emitters (Rauw 2004, in press). While from a theoretical point of view, the phenomenon can equally well be explained by single star or binary scenarios, observations indicate that the majority of non-thermal emitters among Wolf-Rayet stars are in fact binaries. Therefore, in order to check whether the latter also holds for O-stars, we have started a spectroscopic monitoring of a sample of presumably single O-stars that display synchrotron radio emission. A first important result is the discovery of the binarity of Cyg OB2 #8a (De Becker et al. 2004c, in preparation). This system (as well as two other non-thermal radio emitters: Cyg OB2 #5 and #9) will be extensively observed with the XMM and INTEGRAL observatories in the course of 2004 and we expect new exciting insights on the high-energy properties of massive stars and on the acceleration of relativistic particles in stellar winds in particular.

Concerning, thermal radio emitters, we had previously found that the O4I(n)f star ζ Puppis shows an excess of flux at millimetre wavelengths compared to centimetre wavelengths. To explain this excess we constructed radiative transfer models that include the effect of structure on these continuum fluxes. The structure is described by the clumping factor, the value of which is dependent on the position in the stellar wind. We further simplified the problem by introducing piece-wise linear curves for the clumping factor. The results show a substantial decay, or maybe disappearance, of structure beyond 70 R*. From the radio observations we also derived a mass loss rate of 3.5 x 10-6 M(/yr. The fact that this is 70 % lower than the Hα mass loss rate is highly significant, and is a further indicator of substantial change in structure between the inner and outer wind (Blomme et al. 2003).

We have also investigated theoretical aspects of the instabilities in stellar winds. In collaboration with S. P. Owocki (University of Delaware) a powerful method was developed to study the evolution of instability-generated structure in the outer winds of hot stars. This method makes use of the fact that the outer evolution of structure is a pure gas-dynamical problem, in the sense that it does not depend on external forces such as gravity or radiative driving. Through an astute coordinate transformation the equations of hydrodynamics are written in a form that resembles the planar equations of hydrodynamics but still describes spherical geometry. This allows a straightforward formulation of the equations in a moving coordinate frame. Practically, this enables us to select a representative portion of the wind and follow it outward, rather than having to evolve the entire wind. The computational advantages of this technique over a standard calculation are considerable: high spatial resolution can be maintained with a relatively small number of points. Furthermore, the number of depth points required no longer depends on the duration of the simulation. Finally, because the gas flows over the computational grid at lower speeds, larger time-steps can be taken, resulting in a further reduction of the computing time. Using this method, which we labeled the “pseudo-planar moving periodic box method”, we have evolved stellar wind structure over more than 10 weeks. This translates to the evolution of structure out to a distance of 1300 stellar radii (Runacres 2003, Runacres & Owocki 2004). These simulations show that the wind remains structured out to very large distances. Observational diagnostics such as radio emission are inevitably influenced. A further use of the moving periodic box method is to test the dependence of hydrodynamical models on the Galilean reference frame in which they were obtained. We were able to show that the high speed at which the gas flows over the grid in a standard calculation produces a number of artefacts that are difficult to control (Runacres & Owocki 2004). Finally, our method makes it possible to measure the shock speeds with sufficient precision to translate the jump velocity of a shock to a compression ratio. This is particularly useful for models of non-thermal radio emitters.

We have continued our analyses of the spectroscopic and photometric variability of luminous stars. In addition to the results summarized in the previous IUAP report, we have analysed new spectroscopic data of the mysterious Of?p star HD108 (Nazé et al. 2004a, in press). While the long-term changes of the optical spectrum are still going on (the intensities of emission lines underwent a further dramatic decrease from 2001 to 2003 – in agreement with a recurrence time scale of several decades), the XMM data of HD108 show little changes compared to previous (EINSTEIN or ROSAT) X-ray observations. This result, along with the thermal X-ray spectrum and the rather modest X-ray luminosity, suggest that HD108 does not harbour a wind accreting compact companion unlike what we had suggested before. 

Concerning photometric variability of luminous stars, we have obtained VBLUW photometry of 5 supergiants in the LMC including the well-known variable hypergiant R59 (= HDE268757, G7Ia+) for which Hipparcos photometry and numerous visual observations are also available, as well as HDE269612 (F0Ia) and HDE268822 (F6Ia). The results are presented in van Genderen & Sterken (2004, in press). 

Another important topic in 2003 was the study of Luminous Blue Variables (LBVs):

· The light curve of AG Car displays episodes of fading and brightening with strongly variable amplitude, as is observed in S Doradus and some other LBVs or Hubble-Sandage variables. van Genderen, Sterken & de Groot introduced the concept of S Dor phases: phases of brightening with a cyclic pattern of recurrence. Short S Dor phases are sometimes superimposed on a much longer rhythm of brightening and fading. S Dor phases are recognised by a substantial reddening while the star migrates to the red side of the H-R diagram. Such changes, when strong, are sometimes mistaken for eruptions. In 1995, AG Car was in one of its brightest maxima since the early 1980s, and then faded again to a more quiescent state. Recently, the star started brightening again and has now Strömgren colour indices very similar to those of 1994, though the level of brightening is less strong. The current brightening corresponds to cycle 7 after the 1995 maximum and conforms to the cycle length of 371.4 days (Sterken 2003).

· Observations of the light curve of ( Carinae during the1992.5 (van Genderen et al. 2003a) and 2003.5 (van Genderen et al. 2003b) low excitation events (the considered periastron passage of the binary in the core of ( Carinae) reveal a number of features, which were also seen at other periastron passages: a light maximum of long duration with a superimposed flare-like event which is temporarily interrupted by an eclipse-like dip, and a steep decline in the U-B color index. The flares last a couple of months and have an amplitude of 0.1 – 0.2 mag in V. An explanation could be a hot spot created in an accretion disk by an increasing mass flow from the S Dor primary while the two stars approach periastron (van Genderen et al. 2003a). At maximum, this light source is fainter than the central light of ( Car (component A) by 1 – 3 mag. The peculiar spectral energy distribution in the optical and the UV excess confirm the non-stellar origin. The luminosity could be of the order of 105L(. van Genderen et al. (2003a) derive two new continuum values in the near-UV, reinforcing the impression derived from the HST fluxes, that component A has a very strong radiation peak in the Balmer continuum. This UV excess points to a significant contribution of non-stellar light somewhere in the field of component A, such as hot shock fronts and/or systems with accreted matter. In 2003.5, the R brightness reached a minimum at the time of mid X-ray totality, probably implying that the H( emission line reached a minimum (van Genderen et al. 2003b). The source of the optical flare-like event is probably not the same as the one causing the X-ray radiation. It is tempting to consider the epoch of the R minimum and the mid- X ray totality – which roughly coincides with the UBV minimum – as the central moment of the 2003.5  low-excitation event.

· We have obtained an extensive set of high-resolution spectra of the galactic LBV HD160529 that covers the years 1991 to 2002. During this period, the star evolved from an extended photometric minimum phase towards a new visual maximum. In several observing seasons, we covered up to four months with almost daily spectra. Our spectra typically cover most of the visual spectral range with a high spectral resolution ((/(( ~ 20 000 or more). This allows us to investigate the variability in many lines and on many time scales from days to years. We find a correlation between the photospheric He I lines and the brightness of the star, both on a time scale of months and on a time scale of years. The short-term variations are smaller and do not follow the long-term trend, strongly suggesting different physical mechanisms. Metal lines also show both short-term and long-term variations in strength and also a long-term trend in radial velocity. Most of the line-profile variations can be attributed to changing strengths of lines whilst propagating features in the line profiles are rarely observed. We find that the mass-loss rate of HD 160529 is almost independent of temperature, i.e. visual brightness (Stahl et al. 2003).

In the framework of our investigation of the circumstellar environment of massive stars, we have studied a sample of high excitation nebulae in the LMC and SMC that display an extremely rare feature: nebular He II emission. Using high-quality VLT images (obtained through selected narrow band filters) and spectra, we were able to derive constraints on the far UV luminosity of the WR stars at the centre of these nebulae: we found that only the hottest (100 000 K and more) WR atmosphere models predict enough ionising photons to account for the observed emission measure (Nazé et al. 2003a,b). Our results raise new challenging questions: why do a few stars of a given WR spectral type have He II nebulae, whereas most others of same (or even earlier) spectral type have not? And what triggers the He II emission in N44C? The case of N44C is particular since there is no WR-star in the centre of this nebula. Only a rather cool O-star is found in N44C and this object does not produce enough ionizing photons to explain the observed He II nebula (Nazé et al. 2003b). It seems likely that N44C is actually a fossil X-ray nebula whilst the O-star at its centre could be the primary of a binary system harbouring a compact companion that accretes the O-star wind. The current lack of strong X-ray emission would be due to the system being currently in a non-accreting state. An observing campaign to clarify the nature of the star in N44C is foreseen in 2004.

In the same context, we have carried out an XMM investigation of the diffuse X-ray emission from the giant H II region N11 in the LMC (Nazé et al. 2004b, in press). The X-ray emission exceeds the level expected from a superbubble scenario. While individual O-stars and unresolved pre-main sequence stars probably account for part of the discrepancy, other sources of diffuse X-ray emission must exist that are not yet included in the models. 

Finally, a rather surprising result was obtained from our X-ray observation of WR40 (Gosset et al. 2004, submitted). Neither the WN8 star itself, nor the surrounding nebula RCW58 were detected in X-rays despite the high sensitivity of XMM. The failure to detect the WR star can be explained by the huge opacity of its stellar wind, whereas the non-detection of the nebula sets strong constraints on future models.  

In a similar fashion to what we have done for NGC6530 (see the previous IUAP report), we have used serendipitous XMM data of the NGC6383 cluster to investigate the properties of X-ray selected T Tauri stars in this cluster. Our results suggest that the bulk of these objects could be older than the O-star binary (HD159176) in the cluster core, indicating that the O-star binary might have formed through collision of lower mass proto stars (Rauw et al. 2003). 

We have also investigated the comparatively poorly studied young open cluster Trumpler 24 (Fu et al. 2003). To investigate the correlation between the Be phenomenon and the cluster age, and to study the stellar variability in Tr 24, CCD time-series observations were made in 2001. The results reveal 10 new variable stars and 4 possible new eclipsing binaries.

We further carried on our program of search for Wolf-Rayet stars in galaxies of the Local Group and slightly beyond (Royer et al. 2003). This is an ongoing collaboration between the GAPHE and Dr. P. Royer from KU Leuven. The evolution of massive stars is largely ruled by the mass-loss rates that are believed to be dependent on the metallicity. Therefore, the study of the populations of O and WR stars in places and galaxies of different ambient metallicities is expected to bring direct constraints on the evolutionary models. The recognition and classification of these massive stars in a homogeneous and coherent survey is a prerequisite to a study of their evolution. On the mere basis of particular very narrow band photometry (system designed in Liège), we are able to recognize and classify WR stars even in crowded regions. In 2002, we obtained 3 nights on the ESO VLT to apply the method. In a preliminary reduction of the images, we identified several WR stars in NGC300 and discovered the first ten WRs in the galaxy NGC1313. The analysis is in progress.

We obtained optical and near-infrared follow-up observations of the gamma-ray burst GRB 011121 predominantly at ESO telescopes in Chile. We discovered a break in the afterglow light curve after 1.3 days, which implies an initial jet opening angle of about 9°. The jet origin of this break is supported by the fact that the spectral energy distribution is achromatic during the first 4 days. During later phases, GRB 011121 shows significant excess emission above the flux predicted by a power law, which we interpret as additional  light from an underlying supernova. In particular, the spectral energy distribution of the optical transient approximately 2 weeks after the burst is clearly not of power-law type but can be presented by a blackbody with a temperature of ~6000 K. The deduced parameters for the decay slope and the spectral index favour a wind scenario, i.e., an outflow into a circumburst environment shaped by the stellar wind of a massive gamma-ray burst progenitor. Because of its low redshift of z=0.36, GRB 011121 has been the best example for the GRB-supernova connection until GRB 030329 and provides compelling evidence for a circumburster wind region expected to exist if the progenitor was a massive star (Greiner et al. 2003).

Finally, the GAPHE team is also involved in the tracing of large scale structures on the basis of an XMM-Newton search for galaxy clusters and AGN (see the AEOS part).
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IV. EXTRAGALACTIC ASTROPHYSICS AND THE

INTERNATIONAL LIQUID MIRROR TELESCOPE

During the year 2003, our team has pursued its involvement in theoretical and observational studies of quasars and gravitational lenses, the international 4m Liquid Mirror Telescope project and observations of large scale structures in the Universe using the X-ray ESA Newton-XMM satellite. Most of these activities have been carried out in the context of international collaborations, including also scientists from the Royal Observatory of Belgium (cf. collaborators whose names appear in the scientific publications).

Extragalactic Astrophysics


Detailed studies of the new gravitational lens system, J1131-1231, discovered in May 2002 by our team, have been made during the year 2003. For remembrance, this system is composed of four macro-lensed images of a quasar surrounded by an optical Chwolson-Einstein ring. Several proposals to re-observe this object under better conditions with the ESO Very Large Telescope (VLT), with Gemini North, with the Hubble Space Telescope (HST), with the Very Large Array (VLA) and with the Chandra X-ray Observatory have been submitted and have been granted observing time . The redshift of the lensed quasar is z=0.65, corresponding to the nearest cosmic mirage actually known. Collaborative work on this exciting target is taking place between IAGL, ROB, ESO, CFHT, University of Kiev, Imperial College of Science Technology and Medicine, University of Hawaii.

Our team has also participated to the reduction of photometric monitoring data obtained for the multiply imaged quasar UM673. This study will possibly contribute to an independent determination of the Hubble constant via the measurement of time delays as well as to the characterization of micro-lensing effects. The data were collected during the period 1998 – 2001 and consist of observations in the V and I bands, performed with the 1.54 m Danish ESO telescope. The good time resolution (one week) and the two filters will allow to detect any microlensing signature on the light-curve of each of the components, if not to obtain the time delay for this system, given that the central engine of the host QSO shows some signs of photometric variability. Several independent methods (MCS, General and image subtraction) for the analysis of the direct CCD images are currently being used. 

Using the HST, the Liège team has also directly imaged the three known pairs of nearby (< 5”) quasars with discordant redshifts in order to detect a secondary lensed image of the background quasar near the foreground one. No such secondary images have been detected. We have demonstrated that the three known pairs of nearby quasars essentially arise because of random projection effects in the sky and that claims reported by Burbidge, Hoyle and Schneider on the unlikeness of these quasar pairs are irrelevant. Studies of pairs of quasars with large angular separations (typically > 1’) have also been performed. Several good gravitational lens candidates and/or quasars in distant clusters have been identified. 

Didactical experiments illustrating the formation of gravitational lens systems (multiple images, Einstein ring and giant luminous arcs) have been presented during conferences and seminars. The gravitational lens experiment is part of the 2000-2015 Cosmology exhibition taking place at the National Air and Space Museum in Washington D.C. An exhaustive bibliography related to theoretical and observational studies of gravitational lenses in the form of a public database (totaling more than 3500 titles) as well as the physical characteristics and direct images of all known gravitational lens systems has been set up on the web page : 

 http://vela.astro.ulg.ac.be/grav_lens/grav_lens.html. This database is being very frequently used by scientists from the astronomical community at large. More than 34.000 entries have been registered. 

Various programs of observations of active galactic nuclei, quasars and high redshift galaxy clusters by means of the present XMM and future COROT and GAIA space observatories are underway or have been proposed. In this context, Th. Nakos (ROB) who has taken up a 2-year student position at ESO, is now involved in the data reduction of NIR data related to the XMM-LSS project (see the URL: http://vela.astro.ulg.ac.be/xmm/LSS). One of the main goals of the LSS consortium is to probe the evolution of the Universe by studying distant (i.e. faint) QSOs. NIR observations will help us to conduct a new QSO catalog by cross-correlating X-ray and NIR data. Regarding GAIA, it is a planned ESA mission to determine distances and proper motion of up to 1 billion stars in our Galaxy, the Milky Way. As a by-product, it will also detect 500,000 quasars and of the order of 2,000 gravitational lens systems. Several scientists from IAGL are involved in these studies. 

In collaboration with H. Lamy (IASB/BIRA), D. Hutsemékers and D. Sluse have pursued their study of the polarization of the Broad Absorption Line quasars (BAL) and in particular of the correlation existing between their polarization degree and other quantities characterizing these objects. The main result of this analysis is interpreted in the framework of a BAL model explaining the formation of the absorption lines in a wind accelerated from the quasar accretion disk.

During the analysis of their polarimetric data some years ago, they discovered that the polarization angles of the quasars in some region of the sky were not randomly distributed as expected but seemed "aligned" in a preferred direction. In order to confirm this surprising effect, new polarimetric observations of a large sample of quasars have been obtained in 2002-2003, using the 3.6m ESO telescope in La Silla. These new measurements enabled them to confirm the reality of this apparent alignment of the quasar polarization over very large scales (up to 1 Gpc) and to enhance the regions where the effect is the strongest. A more detailed analysis of these exciting results is in process in collaboration with R. Cabanac (CFHT) and H. Lamy (IASB/BIRA).

P. Magain, F. Courbin and their collaborators have undertaken a comprehensive spectroscopic study of quasar host galaxies, on a sample of 20 low-redshift quasars (z < 0.3) selected from the Hamburg-ESO survey.  Long slit spectra, centered on the quasar itself, have been obtained at the ESO VLT with the FORS spectrograph.  We used a multi-slit observing mode in order to register the spectra of neighbouring stars, which were used to spatially deconvolve the quasar spectra using the spectroscopic version of the MCS deconvolution algorithm (Courbin et al. 2000, ApJ 529, 1136).  This algorithm allows an efficient separation of the spectrum of the host galaxy from the much brighter quasar spectrum.  

These spectra allow to study the structure and dynamics of the host galaxy, as well as its stellar populations and gas content, from the outer regions down to the central kiloparsec.  A first application to the quasar HE 1503+0228 showed that its host galaxy is a rather common spiral (Courbin et al. 2002, A&A 394, 863) with mass ~ 2 · 1011 M(.

Another object, HE 1434-1600, shows a particularly interesting host galaxy, which interacts with a companion situated a few kiloparsecs away.  Despite being elliptical, the quasar host galaxy displays prominent emission lines, extending very far from the central active galactic nucleus.  The analysis of these lines, which originate in gas having probably been swept out during the close interaction with the neighbouring galaxy, show that the source of excitation and ionization energy is the quasar itself, which is able to excite the gas at very large distances (~ 4 kiloparsecs).  These results will soon be published (Letawe et al., in preparation).  The analysis of the whole quasar sample forms the basis of G. Letawe’s PhD thesis.



International Liquid Mirror Telescope (ILMT) project

The great scientific motivation to use a telescope dedicated to the photometric monitoring of multiply imaged quasars (gravitational lens systems) has led us to assess the expected performances of a liquid mirror telescope. In collaboration with scientists and engineers from the Liège Space Center (locally known as CSL), from the industrial company AMOS (Advanced Mechanical and Optical Systems) and from multiple international research institutions, the Royal Observatory of Belgium (ROB) and the Liège Institute of Astrophysics and Geophysics Institute (IAGL) are presently involved in the construction of a 4m liquid mirror telescope (known as the International Liquid Mirror Telescope project) which should be erected in 2005. An official letter from the ESO Director General has been received in December 2003 giving us an agreement to install the telescope at La Silla (ESO, Chile). The main goal is to daily monitor a narrow strip of sky (half a degree wide) near the -29(declination down to the magnitude B = 24. This survey will approximately cover a field of 100 square degrees at high galactic latitude ((bII(( 30(). We have estimated that more than 50 multiply imaged quasars should be photometrically monitored every night. Some 50 cases of micro-lensing effects taking place in our own Galaxy should also be detected every year. The stacking of all CCD frames recorded during the span of one year should also lead to the detection of some 50 giant luminous arcs. The lightcurves recorded for the multiple point-like images of the macro-lens systems will significantly contribute to an independent determination of the Hubble constant and to observational studies of extragalactic micro-lensing effects. These systems will constitute unique targets for subsequent observational studies with the VLT and  ALMA. Programs aimed at the calibration of the astrometry of the ILMT survey have been successfully completed during 2003.
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V. VLTI AND VERY HIGH ANGULAR ASTROPHYSICS

An important instrumental project in the context of high angular resolution observations of faint objects (cf. exo-zodi, exo-planets) located very near a bright point-like source (cf. the host star) has been carried out at IAGL. This research has been mainly focused on the pre-phase A design of the Ground-based European Nulling Interferometer Experiment (GENIE), in collaboration with the European Space Agency and the European Southern Observatory. A software has been built to simulate future GENIE observations, taking into account all noise sources including the effect of atmospheric turbulence and thermal background emission. The control of OPD, dispersion and intensity are very critical for the operation of a ground-based nulling interferometer, and has been tackled thoroughly. Advanced chopping methods have also been investigated. In the context of GENIE, several research projects are under development. One of these is the subject of the PhD thesis of O. Absil. It concerns the detection of circumstellar dust clouds, especially around Vega-type stars and Young Stellar Objects. Besides GENIE, work on the optimization of the aperture configurations for the DARWIN interferometer has also been continued at IAGL. 

As of 1st January 2004, IAGL is a member of the European Interferometry Initiatives (EII, OPTICON) in the context of the 6th Framework Program. Among the planned activities of the Optical Interferometry Network of the European Interferometry Initiatives, Workpackage 3 coordinated by IAGL directly aims at developing the vision for a next-generation interferometric facility. Some funds have also been made available to study the problem related to the mass production of telescope units 

Additional activities in the field of high angular resolution astrophysics also involve the study of innovating Achromatic Phase Shifters (PhD work of D. Mawet). The latter are mandatory components in the field of nulling interferometry (cf. GENIE) and phase coronagraphy. Indeed, in order to detect faint objects (cf. exo-planets, for instance) around a central bright target (cf. host star), one must attenuate it by all means. To do this, the most efficient way is to “create” a destructive interference on the light coming from the blinding star. This technique is known as “nulling” and is common to the two fields mentioned above; the first with several telescopes, the second with only one aperture. How does it work? The incoming light from the central object is divided in several  beams over which one applies a differential phase shift. This operation result in changing the sign of, for instance, one of the two beams by means of a so-called phase shifter. Then, when we properly recombine the separate beams together, they simply subtract from each other! Achromatic means that we can apply this process over a large spectral bandwidth (range of colours). This quality is required for the detection and characterisation of exo-planets. Innovating APSs consist of subwavelength structures, i.e. imprinted on a scale smaller than the wavelength of the incident light (1/10 microns for the infrared for instance). These structures are seen by the incident light as a homogeneous medium with very specific and amazing properties one can play with to design flexible APSs. The implementation on interferometers (DARWIN) and coronagraphs (Four Quadrant Coronagraph) of such components is under study by our team. Some success has already been encountered. Indeed, the first Achromatic Four Quadrant Phase Mask will soon be tested. The latter is not composed of subwavelength structure which are very costly but directly profits from recent researches on this subject.
ADDITIONAL RESEARCH PROJECTS

From the Royal Observatory Brussels

1. Project: Numerical study of the chemo-dynamical evolution of galaxies
This project is articulated around two main research orientations:  (1) the chemo-dynamic evolution of galaxies and (2) the modelling of the stellar thermonuclear combustion associated with explosive astrophysical phenomena (thermonuclear supernovae, thermonuclear burning at the surface of accreting compact stars). 

The axis “modelling the chemical and dynamic evolution of galaxies”, started by H. Boffin at the ROB, aims at coupling the dynamic and chemical properties (stellar nucleosynthesis) of the gas to the stellar component of a galaxy. In practice, we develop a Nbody + hydrocode based on the Lagrangian TREE-SPH method. After a first phase (November 2002 - April 2003) of examining the possibilities offered by the SPH code of Boffin, it was decided to adopt the code “GADGET” (GAlaxy with Dark matter and Gas IntEracT) available from the authors at the Max-Planck Institut für Astrophysik in Garching-bei-München. The analysis of this code was undertaken in order to integrate the cooling of the gas as well as a star formation algorithm. The first application is the modelling of a prototypical spiral galaxy (the Milky Way) and, to that purpose, we have undertaken the simulation of a series of numerical test cases presented in the paper of Carraro et al (1998, MNRAS 297, 1021). This project relies on collaborations with N. Prantzos (IAP, Paris) and S. Boissier (Carnegie Obs. Pasadena, USA) and with A. El Messoudi (PhD student of M. Arnould at ULB). 

The axis “modelling of the stellar thermonuclear combustion” of the project concerns the study of the ignition and propagation phases of an explosive thermonuclear combustion in degenerate and relativistic stellar plasma.  The ultimate goal of this research is the study of the nucleosynthesis associated with various cataclysmic stellar events (SNIa, Classical Novae). A concomitant objective is the development of numerical methods that can contribute in the future to the development of multidimensional (3D) stellar hydrodynamics. This research orientation is primarily multidisciplinary, as emphasized by the collaborations. Experts in terrestrial combustions will collaborate with astrophysicists on the study of astrophysical situations. In this context, links have been successfully established with non-astrophysical scientific communities, international as well as national: Service d’Astrophysique du Commissariat à l’Energie Atomique (CEA), Paris ; Laboratoire de Combustion et de Détonique, Poitiers ; Laboratoire de Mathématique Appliquée , Université de Bordeaux ; Unité de Thermodynamique de la Faculté Polytechnique, Université Catholique de Louvain). On the scientific part, Dr. Busegnies devoted the period 2002-2003 to the development of (a) an equation of state appropriate to the exploding stellar plasma, (b) an adequate Riemann Solver for this equation of state. This activity falls in line with the prospective study of a cellular thermonuclear detonation likely to develop at the surface, or in the internal part, of a white dwarf star. 
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2. Project: Fundamental stellar parameters from binaries and young stellar groups

Binaries are an important source of precise fundamental stellar parameters and hence provide empirical constraints on stellar evolution. In stellar groups, they provide anchor points for the interpretation of the whole stellar population. Our investigation concentrates on young stellar groups and well-detached binaries, but not exclusively since binaries in fast phases of stellar evolution and specific single stars have also a considerable potential in stellar evolution tests. In particular, the technique of spectral disentangling, which reconstructs the individual component spectra, is applied to double-lined (eclipsing) binaries in order to obtain fundamental stellar parameters of high accuracy. The stars and systems under study include:

RV Crateris, an eclipsing pre-main sequence triple, of which 59 high-resolution spectra over the whole orbital cycle of the close binary were obtained in 2003 in a cooperation with colleagues from UFMG, Belo Horizonte. Preliminary results include the radial velocity (RV) curves for the close binary and the spectral-type identification of the components (F, G and K) from disentangled parts of spectra.

η Muscae, an eclipsing SB2 in Sco-Cen accompanied in a wider orbit by a less massive pre-main sequence component and further including a chemical peculiar (CP), magnetic common proper motion star. The orbital period of the eclipsing pair consisting of two B-type stars was shown to be 57.5 h, rather than the 20 d value claimed in the literature, the two eclipses were for the first time scanned in detail with uvby photometry at the SAT, and high-resolution spectra were obtained in Chile and South Africa.

HD123335, also an eclipsing SB2 in Sco-Cen, was found to be in a very eccentric orbit of 35 d, from 100 nights of uvby photometry at the SAT in 2003, supplemented by unpublished photometry from Balona at SAAO, and high-resolution spectroscopy from Chile, South Africa and New Zealand in 2002-2003. The secondary turned out to be a very slowly rotating He-weak SrTi B-type magnetic star with a rotation period of 2 months. Observing time has been obtained to exploit the unique situation that the surface of this peculiar star can be scanned during eclipse.

NGC224-#334 is a very young (single) B-type CP star in the Rosette Nebula, which we detected a few years ago. In collaboration with the group of Landstreet (Univ. Western Ontario) this 13th magnitude star was shown to possess a huge magnetic field and pronounced peculiar abundances, using FORS and UVES observations. Being the youngest known star of its class, it puts a strong empirical constraint to the time scale needed to develop the overabundances, which may turn out to be incompatible with the (slow) process of diffusion in the stellar atmosphere.

CPD-59˚2628, an eclipsing, fast-rotating, massive (O9.5+B0) SB2 in the young open cluster Tr 16, was first analysed and results were published in 2001. Since then, additional spectroscopy was obtained and now cooperation with Keele Univ. (UK) will extend the data set further, making it suitable for an application of the spectral disentangling technique.

GL Carinae, another fast-rotating early-B SB2 in an eccentric orbit, shows fast apsidal motion. The collaborators in Copenhagen (CUAO) have separately made a full photometric analysis. Their spectra are currently reduced with our improved FEROS software and prepared for a spectral disentangling analysis.

AC Velorum, a hierarchical triple with an eclipsing close binary consisting of two similar, evolved, B-type stars of 6.9 and 7.1 M(, has the potential to constrain the occurrence of mixing of processed material into the stellar atmosphere. The study of the light-time effect in the photometry revealed that the fainter third object consists itself of at least two stars with a combined mass of more than 6 M(. The first spectroscopic evidence for the third object was found as an extra contribution in the Balmer lines. Out of the Balmer lines, the spectra of the components of the close binary have been disentangled and are used to derive atmospheric parameters and abundances.
HD 73256, a late-type star, was found by the CORALIE planet-search programme to be orbited by a 1.85 Jupiter-mass planet. A search for a planet transit with SAT in February 2003 gave a negative result, but did instead reveal the rotation period of the star.

In several of these analyses and observational efforts, two IAP partners are involved and collaborators in Antwerp, Copenhagen, Zagreb or Belo Horizonte. In particular the important contribution of the extensive photometry at the SAT would not have been possible without the coordinated financial and scientific effort of the two IAP partners in Brussels. 

Finally, the spectra of the recurrent nova IM Normae which were obtained with FEROS in 2002 contributed to show (Duerbeck, Sterken, Baptista et al. 2003) that IM Nor is a member of the class of hybrid novae.
Publications in 2003

Common to more than one IAP partner:

Hensberge, H., Nitschelm, C., Bouzid, M.Y., Clausen, J.V., David, M., Freyhammer, L.M., Helt, B.E., Olsen, E.H., Sterken, C., Vaz, L.P.R.

η Muscae, a multiple system with a PMS component, in: "Open issues in local star formation" (eds. Jacques Lépine & Jane Gregorio-Hetem), ASSL 299, CD-Rom (ISBN 1-4020-1755-3)

Duerbeck, H.W., Sterken, C., Baptista, R., Cunha, K., Diaz, M.P., Dutra, C.M., Freyhammer, L.M., Hensberge, H., Jones, A.F.

Spectroscopic and photometric observations of the recurrent nova IM Nor, in “Interplay of Periodic, Cyclic and Stochastic Variability in Selected Areas of the H-R Diagram” (eds. Christiaan Sterken), ASP Conf. Ser. 292, 309.

From the ROB team:

Udry, S., Mayor, M., Clausen, J.V., Freyhammer, L.M., Helt, B.E., Lovis, C., Naef, D., Olsen, E.H., Pepe, F., Queloz, D. & Santos, N.C.

The CORALIE survey for southern extra-solar planets. X. A Hot Jupiter orbiting HD 73256, A&A 407, 679

From K.U. Leuven
1. Research carried out by Evelien Vanhollebeke

Evelien Vanhollebeke’s  Ph.D. thesis is on the subject of ``The stellar population of the inner Galaxy'' and started October 1st, 2003.

This will be in part a theoretical study and partly an observational one. The theoretical part will involve the use of a ``galactic model'' to predict number and colours of stars along a few low extinction lines of sight towards the Galactic Bulge. The confrontation with observational data, in particular the near-infrared DENIS and 2MASS surveys, the mid-infrared ISOGAL survey, and the OGLE I-band data, which also provides information on the variable nature of the sources, will allow to constrain the main characteristics of the Bulge: orientation, extent, number density, and star formation. After the initial calibration of this model, it can be used to predict numbers and arbitrary colours along any Bulge line of sight.

The observational part of her thesis involves the metallicity of AGB stars in the bulge as derived from near-infrared spectra, and analysis of the dust content of Bulge AGB stars from mid-infrared spectra that will be obtained from a recently submitted SPITZER proposal.

In the period October - December 2003 Evelien has reduced SOFI H,K band spectroscopy of a sample of Galactic Centre OH/IR stars. Kinematical studies had shown that this sample consisted of groups of stars with different formation histories. It is expected that the stars of the different groups have different metallicities. It is the aim of this program to prove this observationally. The data is reduced and the analysis of the spectra is ongoing in collaboration with people of the Observatoire de Besancon, Strasbourg and the Institute for Astronomy in Vienna. 

In January and February 2004, Evelien has been involved in the preparation of a proposal for the SPITZER infrared satellite. The aim of this project is to study the dust content of a group of bulge AGB stars of 1Msun. We asked for low-resolution IRS spectroscopy in the wavelength range of 5.2 - 38 microns.

2. Research carried out by Greet Decin, K.U.Leuven

Study of the occurrence and time evolution of circumstellar debris disks and their relation with planetary systems.

During 2003 Greet Decin has finished her PhD thesis, which was successfully defended on November 12, 2003.  In the last phases of this work, she has elaborated on her earlier results and finalized an important amount of new developments, all related to the study of debris disks around normal stars.

During 2003 it has been found that a planet is present around one of the four G dwarfs for which she detected and studied the infrared signature of a debris disk in 2000.  This is the second known system where a detectable debris disk and a planet coexist.

The detection by Greet Decin of a similar fraction of disk debris stars among G dwarfs as among A stars is in clear contradiction with studies which claim to show a decrease of the  Vega phenomenon with stellar age.  Consequently, Greet Decin has carried out a broad and careful study of this age dependence.  It appears that several studies in the literature are flawed for two reasons: first, the found decrease of the phenomenon with age heavily depends on the inclusion in these studies of young clusters, where the circumstellar disk represents the remnant of the star formation process rather than a reprocessed disk which a debris disk such as found around Vega is in reality; second, a careful analysis of the age determinations and the true excesses reveals that for several objects the literature results are questionable.  The resulting picture is one in which debris disks occur throughout the full age range, a consistent maximal fractional luminosity (IR over stellar) of the order of 0.1% is found, and a decrease is found with age for the lowest observed excesses at a given age.  Presently it is not clear whether the latter effect represents a true evolutionary effect or is a statistical fluke related with the low occurrence of young stars in the solar neighbourhood.

In collaboration with Dr. Carsten Dominik (University of Amsterdam) Greet Decin has carried out a theoretical study of the time dependence of the Vega phenomenon, considering the various known mechanisms which lead to the formation and decay of debris disks.  It was found that the lifetime of a debris disk does not depend critically on its mass, but rather on the collision rate and the Poynting-Robertson effect.  The large fraction of G dwarfs with debris disks can only partially be explained by the lower radiation pressure of these cooler stars.

In this same context, the fairly high claimed occurrence of debris disks around K giants is puzzling.  From a careful analysis of such objects with IRAS and ISOPHOT data it was found that in all stars except one the observed IR excesses are extended.  This means that the excesses are not genuine, but due to the occurrence of the star in the vicinity of an interstellar cirrus cloud.  For the remaining object the debris disk appears to be real.

An abundance analysis has been carried out of the photospheres of stars with debris disks.  Where for stars harbouring a planet the typical metallicity is larger than average, this is not the case for debris disk stars.  While both distributions overlap, allowing for the existence of objects showing both phenomena, this result suggests that debris disk stars follow a regime which is genuinely different from that of stars with planetary systems.

Publications 2003

Decin, L., Vandenbussche, B., Waelkens, C., Decin, G., Eriksson, K., Gustafsson, B., Plez, B., Sauval, A. J.,

‘ISO-SWS calibration and the accurate modelling of cool-star atmospheres. IV. G9 to M2 stars’, Astronomy and Astrophysics, 400, 709-727

Dominik, C., Decin, G.

‘Age Dependence of the Vega Phenomenon: Theory’, Astrophysical Journal, 598, 626-635

Decin, G., Dominik, C., Waters, L. B. F. M., Waelkens, C. 

‘Age Dependence of the Vega Phenomenon: Observations’, Astrophysical Journal, 598, 636-644

Annex 1

Ph.D. Dissertations (IAP Themes)

1. at ULg
January 28, 2003*
Elisa DI PIETRO

"Modèles cosmologiques de quintessence et supernovae de type Ia"

March 12, 2003*
Marilyne BRIQUET (now post-doc at KU Leuven)

"An observational study of line-profile variable B stars"

July 4, 2003

Dong-Wook LEE

"Quasar studies using gravitational macro & micro lensing effects"

December 18, 2003

Hervé LAMY

"Contribution à l'étude de la polarisation des quasars de type BAL"

2. at KU Leuven
November 10, 2003

Thomas MAAS

"A study of post-AGB stars with a dusty disc"

November 12, 2003

Greet DECIN

"A study of the occurrence and time evolution of circumstellar debris and their relation with planetary systems"

3. Note : it is worth stressing that another ten Liège-KU Leuven Ph.D. dissertations should be defended between now and 2007 in the area of asteroseismology;

Annex 2

Administrative report

1. The status of the P5/36 network as well as some highlights were presented during a very well attended one day meeting on November 3, 2003 (Château de Colonster ULg). A general discussion also took place.

Were present :

· The three members of the Follow-Up Committee, Professors J. Christensen-Dalsgaard (DK), P. Léna (F), and A. Maeder (Ch);

· Mrs. C. Lejour, IUAP program administrator, Brussels;

· The four promoters of the IAP, H. Hensberg (ROB), C. Sterken (VUB), J.P. Swings (ULg, coordinator) and C. Waelkens (KULeuven) as well as the four members of the ULg steering committee P. Magain, A. Noels, G. Rauw and J. Surdej.

      It is fair to state that the general impression given by all the participants was very positive.

2. The "modus operandi" of the network continues as in the past, i.e. through a few meetings of the steering committee in Liège as well as on the occasion of the Belgian contact group's meetings (organized under the auspices of the Belgian National Astronomy Committee). Furthermore, as apparent from the yearly report, several informal discussions take place during the days devoted to the COROT mission, to the BAG, etc.

3. The list of the personnels involved in P5/36 are given in the following tables.

� Participants : C. Lejour (OSTC), H. Hensberge (ROB), C. Sterken (VUB), C. Waelkens (KU Leuven), A. Noels & J.P. Swings (Ulg).


� Web page : http://www.astro.ulg.ac.be/PAI/


* already indicated in 2002 report
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