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1999: lannée du changement ! Nouvelles binaires

spectroscopiques HAe/Be
Jean-Pierre SIVAN

Observatoire de Haute Provence Patrice CORPORON

. ] ) Groupe d’Astrophysique de I'Université de Montréal
Comme cela a étéécrit par ailleurs (voir leserveur Web de
I'OHP), a compter dwsecondtrimestre 1999l'acces aux Anne-Marie LAGRANGE
télescopes d&@m93 et 1m52 de I'OHMevientpayant. Ce
nouveau systéme n'a pas découragé les demandeursied les
structures chargées d'examiner et de financer les demandes on(t: | e 6te écrit d e No. 14 Ha Lettre delOHP

: [ 14 : . omme Il I'a ete ecri ans le No. ettre de

accompli .Ieur,s m!ssmns d'évaluation avec le plus geamal (Corporon 1995), nous avons initié en 1993 recherche de
La pressionélevée (~1,8) des demandesur le 1m93 a

< oL bi {es diffé | de | binaires spectroscopiques parmi les étoiles jeuheiBe de
necessite un arbitrage entes difierents classements de la Herbig. Apréstrois annéesune quarantaine d’étoiles ont pu

part du CFGT. &tre observées a 'OHP (et 'ESO): au total,soat 13binaires

Les télescopes dém20 et 80cm de 'OHP ondté tout qui ont été détectéesdont 8 nouvelles candidates Nous
. N < . rappelons ici ladémarchesuivie et présentonses résultats
simplement exclus de ce systeme. demandes:iéanmoins

s e ap N obtenus avec ELODIE.
ont été nombreuses: I'équivalent de 2ilints aétédemandé
sur le 1m20, ceyui conduit(si I'on admetqu'un tiers du : : PR
temps n'est pas utilisablecause de ldune) a une pression Les motivations prlnC|paIes
de 1,8 —la méme que sur le 1m93 ! Mesurer les masses d’'HAeBe
Les masses d’étoiles de BéquencePrincipale ou TTauri ont
pu étre déterminées pédiétude debinaires spectroscopiques
(Duquennoy et Mayor1991 ; Mathieu 1992). En ce qui
concerne les étoiles jeuné/Be de Herbig(HAeBe), I'étude

Laboratoire d’Astrophysique de Grenoble

Par ailleurs, lademande desbservations dserviceest en
augmentation. Par observations de service,entend des
observationsffectuéegar les techniciens deuit de 'OHP

en I'ab}sen(\:e d@stronom_e. De telle§ obseryationsssmt particuliere que nous avons effectuée dusystéme triple
déroulées Pplusieurs reprlsesesdernleres_annees, au 1m20 spectroscopique TY CrA (Lagrange et al. 1993; Corporon et al.
et au 1m52 avec le spectrographe Aurélie. 1994, 1996; Beust et al.1997) estl'unique travail qui a

c g1 d lus d hnici conduit directement a la déterminatiates masses pour un
est au moment ou ['oattend encor@lus des techniciens systeme multiple composé d’'une HAeBe et de deux T Tauri. Les

de nuit que ceux-ci voient leur nombre diminuer. Au début de 5ytres binaires spectroscopiques HAeBe étatsi-inconnues,

I'année, les plus jeunes odhangéd'activité, emportés par  nous avons entrepris une recherche systématique poermi,

une lame de fond venue d'Arcachon... déterminer des massesd’HAeBe, et les comparer avec les
modeles d’évolution stellaire existant (Forestini 1994).

Estimer la fréquence de binarité

planetes eXtra'SO|alreS Afin de mieux cerner Iphénoméne de multiplicité stellaire, il
est nécessaire de quantifier pour les différentdasses
Depuis la parution dderniernuméro dd.a Lettre de d'étoiles la proportion d’étoiles doubles.
I,OHP_' deuxnouvelles planetes extra_solalremto,ur, Pour les courtes périodes (P < 100 jou3)iguennoy eMayor
de Gliese 876 et de 14 Herculis, ont éte (1991) et Mathieu (1992) ordéjadéterminéune fréquence de
découvertes avec letelescope delm93 et le binarité de 7% et 11%espectivemenpour lesétoiles detype
spectrographe ELODIE pardes équipes des solaire et les T Tauri WTTS.

observatoires de Genéve, Grenoble et Haute-Provence.
Vous trouverez des informations détaillées sur le
serveur Web de 'OHP :

Le spectrographeELODIE se révele ainsi trés utilepour
compléter cesétudes : tandisque Delfosse et al.(1998)
examinent la binarité des naines M du voisinage solaiogis
nous sommes intéresséalix étoiles jeunesAe/Be deHerbig
http:/Amvww.obs-hp.frinww/nouvelles/gi876-fr.html (HAeBe, demasse 2 < M < 10 M) Notre sondage
http:/www.obs-hp.friwww/nouvelles/14her-fr.html spectroscopique compléte en outre la rechercheideires
visuelles quenous avonsmenéeparallélement en imagerie IR
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avec OptiqueAdaptative al'ESO et auCFH (Bouvier et al. Séquence Principale), est plus délicate a mettre en place dans le
1999; Corporon 1998, 1999).L'ensemble de nos casdesHAeBe dont I'activité peut varierd’'une nuit a l'autre
observations apportera des contraintes pour les divers modéles(Royer 1998).

de formation de systémes binaires de masgermédiaire

(Clarke 1996). La raie d’absorption Li | 6708 A

Les étoiles chaudes A ou B nemontrent pas laraie
d’absorption du Li I. Si cet élément est détecté darspéetre
d'une de nos étoiles HAeBe, il révéle la présenced'un
compagnon stellaire plus froid. Martin (1994) ainsi
quantitativement montréue laraie du Li 16708 A peut étre
utilisée pour détectedes compagnons Trauri associés aux
étoiles HAeBe de Herbig. Méme si cette méthode ne pourra pas
nous apporter demformations directessur lamassestellaire,

la détectiond’un compagnon complétera notre statistique de
binaires.

Les étoiles considéréepour I'étudespectroscopique ont été
extraites de laable 1 du catalogue d'étoilese/Be deHerbig
de Thé etal. (1994): I'unique critére desélection aété leur
magnitude visuellan, qui devait étre inférieure a 1llimite
observationnelle).

Les critéres de la binarité
spectroscopique des HAeBe

Les variations de vitesse radiale

Nous avons principalement observé les raies K711, 5876

et 6678, M | 5890 et 5895, Si Il 6347 et 6371A. Le centre de
la raie a été estimé aapproximantunefonction Gaussienne,
I'erreur d'unetelle mesure varie entre 5 et Idn/s, suivant
I'élargissement rotationnelle de laaie ou sa forme
(déformation par de I'émission notamment).

Résultats

Au cours de plus de 150 nuits d’observations, nous asans

42 étoilesHAeBe. 13binaires spectroscopiques ont ainsi été
détectées: 6 binairesivec déplacement dspectre (dont 4
nouvelles candidates)avec le critéresur laraie du Li I, 7
étoiles binaires ont été trouvé@ont 4 nouvelles détections).

Notons que nous n'avons pas utilisé laechnique de la Les étoiles pour lesquelles des variations de vitead&le ont
corrélation numérique : cette technique, si elle ealable été observées avec ELODIE sont T Ori, BiB867, MWC 300,
pour certaines étoiles chaudes de type A-B «normales» (de la AS 442, MWC 361 et MWC 1080 (Figures 1 et 2).
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Figure 1 : Déplacement en vitesse radiale des raies He | 5875.621, Na |
5889.951 et 5895.924 A pour les étoiles T Ori (en haut) et MWC 1080

(en bas).

I'étoile AS 442. Le spectre en bas est la division des deux spectres
supérieurs (pris a deux dates difféerentes) et montre le décalage en
vitesse radiale des raies.
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Pour chacunelesdeux étoiles HAeBe HD 53357 et AS442,
nous avons pualculer une orbite préliminaire qui doit étre
confirmée par d’autres observations (Figure 3)

Les étoiles binaires identifiéegrace a la raie du Ligont HK
Ori, V380 Ori, HD203024, MWC 863 (ELODIE), ainsi que
V586 Ori, NX Pup et TYCrA (CES). Le compagnon froid,

responsable de la raie d’absorption Li I, est aussi identifié par

les raies Ca 16102.723, 6122.217 et 6717.681 Rour
comparaison, des spectres dHAeBe apparemment sans
compagnon plusfroid ne montrent pas d’absorption Li |
(Figure 4).
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Figure 3: Courbe de vitesse radiale pour HD 53367 (haut) et AS 442
(bas). o (V) =5 km/s

Conclusion

Une étude approfondie de cesouvelles étoiles binaires
spectroscopiques est nécessgimur confirmer lespériodes
orbitales, estimer la massdesHAeBe etcontraindre letype
spectral des composantes.

En nouslimitant aux courtes périodes (T Ori, A842, MWC
1080 et TYCrA), la fréquence ddinaires spectroscopiques
HAeBe est de 10%, comparable aux valeagzportéespour les
étoiles TTauri ou de la Séquenderincipale. Cependant, de
multiples biais limitent notre détectiorv Gin i, rapport de

luminosité, etc. —voir l'article Corporon et Lagrange 1999) et

plus de la moitiédesbinaires restent probablemeencore a
découvrir.Une méthode complémentaire et prometteysmir
ce type de recherche ebBinterférométrie : aucours dedeux
missions enmai et novembre1999 sur linterférométre

IOTA*, nous avons suivi levariations de visibilité de HD
53367 etMWC 1080 et surtout confirmé la binarit¢é de MWC
361.
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Figure 4 : - en haut: binaires de spectre HAeBe. Les positions en
laboratoire des raies He I, Li | et Ca |, sont indiquées par les traits en
pointilles - en bas: exemples d'étoiles HAeBe ne montrant pas
I'absorption Li | 6708 A
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Introduction

The wavelengths ofeatures in stellar spectra do ndépend
only on the star'svelocity. Weaim at studyinglineshifts

Le CCD 2048)(1024 du caused byother effects, in particuladue to stellar surface

structureand gravitational redshift,and also to improve the

SpeCtrographe C&f@/ec absolute accuracy in radial-velocity measurements.

For the Sun, @onvective blueshift of about 300 mresults
from correlated velocity and brightness patterns :rising
(blueshifted) granulation elements are hoted brighter than
sinking ones.

Un CCD(EEV 42-20 #1) aétéinstallé aucours de I'ét€1998
sur le spectrométreCarelecdu 1m93. |l s'agitd'un CCD de
2048x1024 pixelscarrés del3.5 p (au lieu de 27 p pour
'ancien TK512); le bruit de lecture est actuellement de 4.2

électrons. Accurateabsolute lineshifts (i.e. displacements gfectral
line wavelengthsfrom their laboratory valuescorrected for
the relative object-observer motion) had until previougsen
measuredonly for the Sun. Solamotion is known from
planetary system dynamicsaand does not depend on
spectroscopic data. Thus, solar lineshifts can be interpreted as

Pour l'instant, il fonctionne avec lI'ancien contréleur et la
vitesse ddecture est de 50nicrosec/pixel. Avec le nouveau
contrdleur qui seravraisemblablement installé en 1999, le
temps de lecture sera au moins dix fois plus court.

La hauteur de fente ne couvre pas [BE324 lignes, mais originating from gravitationalredshift (636 m/s)convective
seulement 583ignes. Cosmetiquement, #st propre, avec blueshifts, pressure shift@ndother atmospheriphenomena
deux colonnes partiellement mauvaises a x=1261262. Le (Dravins 1998).

CCD est mince, son epaisseur est depitle ce fait il a une

relativement bonne efficacitdans le bleu, mais erevanche, Spaceastrometrynow enables astrometrideterminations of
il présentedesfranges dans le rougaux longueurs d'onde stellar radial motion, permitting the study of absolute
superieures & 6600 Aeur amplitude totale est d'environ 10% lineshifts also for otherstars. With Hipparcos, aobserving
a 7500 A. program has beeoarried out for theUrsa Major association

and the Hyades open cluster, reaching accuracies of about 100

Ce CCDprésentedeuxavantagespar rapport d'ancien CCD m/s and 300 m/s respectively (Madsen etl899b), (Madsen
TK 512 : une couverture spectrale plus grandeet raailleur et al. 1999a)

échantillonnage spatial.

The corresponding spectroscopic program has loeered out
with the OHP 1.93 m telescope, usinthe ELODIE radial-
velocity spectrometer. In 1997(February and October),
Dravins and Gullberg madeobservationsduring atotal of 15
nights. The program staiacludedobjects ofwidely different
spectral types, not only cluster stars obserfi@rdastrometric
radial velocity, but also the Moon and a numbeiAd radial-
velocity standards.

EEV + Carelec (réseau 130A/mm)

Computations and error
La figure ci-dessus represente la partie utile (2048x585 pixels) d’un "flat

field" normalisé, pris avec le reseau 130 A/mm. estimations

One important purpose of the Moorobservations is to
Pour plus de renseignements, consulter Ipage web connect stellar observations the JPL ephemeris,bringing
correspondante : the velocities ofthe stars to a commomnd near-absolute

frame of reference. In order to make sthat precisevelocity
information can be extracted from subsets ties and
possibly from individual lines (and even crudebisectors), we
use a mode obperation in which we take a separal@Ar
calibration integration irbetween the stellaobservations to
avoid any risk of crosstallbetweenThAr emission lines and
stellar spectra. It alsaequires high signal-to-noise ratio
(SNR) observations, i.e. typically long exposure times.

http:/Aww.obs-hp.friwww/guide/carelec/ccd-eev.html
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The software ofELODIE gives in pseudo-real-time the radial
velocities for an FOand a KOmask. We have also computed
radial velocities based a spectral atlas of integratedlar-

light, i.e. (Kurucz etal. 1984), using in-house developed
software.
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Figure 1 : Estimated errors in the determination of the maximum of the
cross-correlation function (CCF) for mainly main sequence stars. Left :
Shown for different intervals of signal-to-noise ratio (SNR). Right : The
error grows exponentially towards earlier stars.

After inspecting the calibration information we have
concludedthat the instrumental errors behave like a random-
walk process,more evident indata from October, than in
February, which has beemsed toestimate errorsue to the
drift in the calibration. Correctionterms have alsobeen
computed to handle drifts during the extent of theegration
time.

The collected flux over time is of coursdimiting factor and
uncertainties have been estimated using dbevature of the
cross-correlation function(CCF), and the signal-to-noise
ratio (SNR) of the datalocally, see Figurel. The velocity

itself is computed byaking the three top mogioints of the
cross-correlation functiofCCF) andletting them define a
parabolic function.The sought for velocity is then at the
maximum of this function (Gullberg 1998a).

Gravitational redshifts

The light emanatingfrom a stellaratmosphere struggles to
escape thepotential well caused bythe stellar mass, as
predicted byrelativity theory. The amount of redshift for the
photons is given by the expressMgraV: GM/Rc¢, where G is
the universal gravitational constaM, the mass of the staR
the radius of the star armdthe velocity of light in vacuum.

Using the Sun as an example we h&fyg,, = 636 ms for light
escaping to infinity and/_,, = 633 m/s at the EartfDravins
1998). InFigure2 is shown how thegravitational redshifts
vary in the HR-diagram.

Convective signatures

The granular structure of the Solar surfaggves rise to
asymmetries in the spectrdines, with the hot, bright
uprising cells causing light to be blueshiftedhile the cool,
darker, inter-granular lanes with down-falling gasuselight

to be red-shifted. The net effect for tBein inintegratedlight

is a blueshift of about300-400 m/s. A similar behavior is
expected for solar like stars on the main sequence, while in
hotter or more luminous stars, these effentsexpected to be
greater (e.g., Dravins & Nordlund 1990, Dravins 1998).
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Figure 2 : Theoretically expected gravitational redshifts in an HR-
diagram, with the symbol area proportional to the amount of shift.

In Solar-like stars,deep Fe llines have, on averagdess
convective shifts than shallow ones. Synthetemplates,
based on the Fe line-list of Nave etal. (1994) havebeen
correlated with the stellar spectead thus velocities for the
deepline-set and the shallow line-setwere computed. The
difference c.s. :Vdeep_vshallow the convective signature, is
plotted for aselection of stars ifrigure 3 (Gullberg1998b).
Note that the convective signature is independent of the radial
velocity itself ofthe star, drift inwavelength zero-point (at
time scale of theorder ofthe integration time),gravitational
redshifts, etc. A major instrumentabquirement is that the
wavelength scale has a high degree of internal integrity.
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Figure 3: Convective signatures for a selection of stars. Note the
significant difference between the GO supergiants and solar like stars.
(See Gullberg 1998b)

Astrometric radial velocities

High-precision astrometric observations of stars allow the not
only the determination of theitangential velocities (proper
motions) but also of theirline-of-sight motions. Three
different concepts are outlined in Lindegren et al. (1999a) and
briefly in Madsen et al(1999b), ofwhich one of them, the
moving cluster method, is applied for a number of clusters in
Madsen et al. (1999a) first described in Dravins ef{B.97).
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Using a maximumlikelihood estimation methodthe radial Discussion and future work

velocities of individual stars in open clusters like thgades Th tainties in th i ianaturesFi 3
and the Ursa major group have been determined. The € uncertainties in the convective signatures-igure > are

astrometric radial velocity could be perceived as beingtrine
center of massnotion in the line ofsight. Furthermore, the
method vyields also improved parallaxes which result rery

well defined HR-diagranand absolute magnitudegHipparcos
system magnitudes, ) (Madsen et al.1999b, Madsen
1999). The fact that the main sequestars lie practically on
a line is a confirmation ofhe parallax improvemenand the
reliability of the astrometric radial velocities.

Astrometric vs. spectroscopic
radial velocities

Knowing both precise spectroscopiand astrometric radial
velocities gives usthe opportunity to reveal physical
phenomena in the stellatmospheres. Removinthe center
of massvelocity, we have only effectsfrom convective
blueshift, gravitational redshift, (planetaryyompanions,
oscillations, pulsationsand stellar cycle effects.Assuming
that wearenot dealing with multiple systemandthat we are
looking at normal stars, most of these effeatsnegligible,
while the convective blueshift is expected to vary fret000
to —200 m/s for stars between F5 to KO on the main sequence
(Dravins&Nordlund, 1990). Since thgravitational redshift is
fairly constant in this regimeabout 650 ns, the net effect
will vary roughly between 400, +400) ng for stars in the
range of F5V to KOV .

RRTA i
AL
I SR S

-2 0 ZMHp[ArrﬂOg]G 8 10

Figure 4 : When removing the center of mass motion in the line of sight
from the measured spectroscopic radial velocity, we are left with, mainly,
the sum of convective and surface gravity components. It is believed to
vary between —400 to +400 m/s in the spectral type range F5 to KO for
main sequence stars (indicated by the box). Filled circles are Hyades
stars, the others are stars in the Ursa Major group.

Absolute radial velocities

The fact that the net effect ofyravitational redshift and
convective blueshift amounts t 400 m/s for stars in the
rangeF5V to KOV should be alarming to anyone aiming at
accurate radial velocities. Add to this othstellar-atmosphere
effects, choice of mask whecorrelating, and more subtle
effects that arise fronrelativistic effects as described in
Lindegren et al. (1999b). By compensating for donvective
and surfacegravity effects theaccuracy could b@nproved by
one order of magnitude, putting it on thesame order of
magnitude as therecision for many instruments oftoday
(Gullberg 1998a).

large (see thdanset in the figure)but this is apreliminary
investigation containing only a total of 287 Fe |l lines, based
on a constant line-depth criterion for the deep and shdilog
selection (affound in high-resolution spectral atlases). Work
has shown (e.gNadeaul988, Hamilton &Lester1998), that
there is a wavelength-dependence lore-shifts for a given
line-depth and element. This will be taken into account in the
continued work,andlarger sets of lines will besed tobetter

map out the convective signatures of the stars in the regime F5
to KO.

The astrometric radialelocities are expected to bémproved

over the next two decades. ESA is currently reviewpngjects

for cornerstone missiongnd the astrometric satellite€GAIA
(Lindegren & Perryman 1996) is one of the contend@iisis
satellite would reach accuracies of theeler of 10uarc-sec for
parallaxesand proper-motionsbut also cover a large set of
stars, reaching distance as far as to the center of the Galaxy for
bright stars. The improved accuracies for thastrometric
parametersand the large dataset will in turn improve the
accuracies of the astrometric radial velocities.

A further program description is available on the Web at
http:/AMww.astro.lu.se/~dainis’tHTML/ASTROMET.html
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TGMET : Détermination de
T, log g et [Fe/H] au
télescope avec ELODIE

Caroline SOUBIRAN
Observatoire de Bordeaux, BP89, F-33270 Floirac

David KATZ

Observatoire de Paris, DASGAL, 61 av. de
I'Observatoire, F-75014Paris

Roger CAYREL, M. ADDA

Observatoire de Paris-Meudon, DESPA, F-92195
Meudon Cedex

Raphaél CAUTAIN
OHP (maintenant au LAS, Marseille)

Les utilisateurs dELODIE peuvent désormais déterminer en
ligne les parameétres atmosphériques de |étodes aufur et a
mesure degbservations. L@rogrammeTGMET s’applique a
des étoiles de type spectral F5 K7, correspondant a
l'intervalle de température [4000 K, 620], de toutes
gravités et métallicités, observées avec un rappigmnal/bruit
S/B = 7. La méthode s’appuisur unecomparaison deéype
moindres carrés du spectre objairee bibliothéque despectres
ELODIE d'étoiles de référence dont lesparameétres
atmosphériques sont connusavec précision. Cette
bibliotheque de 211 standards éé constituée en 4 ans
d’observations de notredquipe, et grace aussi a d'autres
observateursjuenous remercionsLes spectres,pour pouvoir
étre comparés, doivent subir un certain nombréraitements
(redressement, nettoyagiescosmiques, pixelsdefectueux et
raies telluriques, ajustememtes longueurs d’onde, mise a la
mémeéchelledesflux, mise a lamémerésolution...), décrits
dans l'article I. La précision obtenwepend du S/B diobjet
et de sa positiondans I'espacedes parametres. Elle est de
'ordre de 150 K,0.45, 0.20 respectivemermiour T, log g,
[Fe/H], dans lasituation la moins favorable (bas S/Btoiles
trés déficientes en métaux) et de 75 25, 0.15pour des
étoiles de métallicité solaire observées a S/85.

La bibliotheque, décrite dans larticle 1l, est mise a la
disposition de la communauté astronomique Ipatermédiaire
du CDS, et du serveuveb de I'OHP. L'accés @&et ensemble
cohérent de données réduites, faciles a utiliser
nombreusesapplications, constitue une premiere étape a la
diffusion systématiquedes observationsfaites a I'OHP. Les
utilisateurs de la bibliothequ@GMET peuvent visualiser les
ordres des spectresELODIE traités, les copierchez eux, et
consulter les données relatives cas étoiles de référence:
données Hipparcos, parametres atmosphériquesgnitudes
bolométriques, distances, vitesses spatiales etc..

Pourtout savoirsur ELODIE, TGMET, les deux articles et la
bibliotheque, consultez le serveur Web de I'OHP :

http:/Aww.obs-hp.friwww/guide/elodie/elodie.html
http:/mww.obs-hp.frimww/guide/elodie/tgmet-doc/tgmet1.html
http://iww.obs-hp.friwww/guide/elodie/tgmet-paper/method.html
http://iww.obs-hp.friwww/guide/elodie/tgmet-pub/bib.html
http:/mww.obs-hp.frimww/archive/tgmet-lib/library.html
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pour de

Spectres ELODIE
maintenant dans le
domaine public

La politique de diffusion des données obtenud©HP prévoit
un temps d'exclusivité de 2 ans pour les observateurt®(cps
peut etre augmenté poudes sujets scientifiquesqui le
justifient), aprés quoi les observationssont mises a la
disposition de la communauté astronomique.

Vous pouvez consulter liste desobservationsdéjaréalisées
avec Elodie. :

http://www.obs-hp.fr/~vin/ar1996.html

La liste actuelle comprend lesbservations du 21 Octobre
1993 au 31Décembrel996. Elle comporte maintenant 583
étoiles. Il est prévu de la mettre a jour tous les semestres.

Vous pouvez demander decretariat@obs-hp.fr ) la
communication de résultats d'observation, irdiquant les
élémentssuivants :

* votre nom

 le nom de votre laboratoire ou organisme de recherche
« le sujet de recherche auquel serviront les données

* les poses demandées, identifiées par:

- le nom de Il'objet
- la nuit (volume de données)
- le numéro de pose dans la nuit

« le support des données : CDROM (préféré) ou DAT
« I'adresse ou doit etre expédié ce support.

L'Observatoire de Haute Provence répondra a votre demande par

mail dans les 15 jour'expédition des données pourra

prendre un peu plus de temps. Contactez Alain Vin pour plus de

détails ¢in@obs-hp.fr ).
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H FA : the Hypercat F ITS In the next section we describe the present content dfiE#e

. its internal organization and the access to the détally we
Archive anticipate future developments of this project.

Grégory MAUBON, Philippe PRUGNIEL, The archive

Valeri GOLEV, Francois SIMIEN Present content
The data presently stored in th#-A are mostly observations
obtained with the 1.20-m and 1.93-m telescope®HP in the
period 1992-1998.

Observatoire de Lyon

This paper presents the development of a FITS archingnly
supplied by OHP observations, and suggests to generdlize
approach to other observational projects.

The datafrom the 1.20-m telescopeare broad-bandimaging
observations of galaxie@vith the present 1KCCD and with

the previous 0.5K TektronixCCD, now in operation on the

. 0.8-m telescope).The datafrom the 1.93-m telescope are
Presentation spectroscopic observationsbtained with the CARELEC
spectrographwith the 33A/mmand 66A/mm configurations.
Theseobservationsare described in details in theelevant
publications, in particular in the series of papers by Simien &
Prugniel (1997a,b,c, 1998), irGolev et al. (1999),and in
Prugniel & Heraudeau (1998).

About ten years agoHST imposed anew approach to the
archiving anddistribution of theastronomicaldata. Later all
major observatories implemented archival systems. In
practice the archival of space-based telescope data is easier for,
two main reasons. First, theonditions of observation are
much morestable than for ground-baseelescopes. In the The spectroscopic observationsrepresent the largest
latter case, theanalysis onthe datadeeply relies onnotes homogeneous set afatayet assembled for the study of the
taken by the observer. Second, the conditioning ofddia is, internal stellar kinematic of galaxies (mostlgarly-type
from the beginning, designed with the scope to store them in galaxies, but about 75 spirafalaxiesarealso included). The
an archive. These reasons make archived ground-baseddata are publicly accessible.

observations generallyifficult to use by others than the

observers themselveshe description of theobservations is The Hypercat project

too often insufficient in both quality and quantity. The archive is organized within the Hypercat databasech
otherwise gathers different catalogues @tragalactic

Classical analysis procedures arged todeal with suchunder- ) - . TS .
interest. Hypercat is aollaboration initiated aObservatoire

describeddata : missing information issked to the user ) . . .
whenever theyare needeadlong thedatareduction. If the data de L_yon a_mdnvolvmg the Un|ve_r3|ty of Sofia, j[héter_nberg
need to bere-processed, for example with amproved Institute in Moscowaqd two Itallar.l observatories :Milano
method, same actions may have to be repeated. For instance, itanOI Nap_oll. Hype_rcat ISa t°_°| designed _to suppprt our work on
happens that the corredtientification of anastronomical the scaling relation ofalaxies, but, being available on the

object is set very late in the work, sometimes owlyen the Web, it is also used for othgurposes. In particular, tan be
paper is being written. This means theten going back to a usefulassistant inthe preparation obbservations,through
the data, possibly years after, one has to cross-corratgin its capabilities to selecand define asample. A unique
the names given by the observer (maymmething like characteristic of Hypercat is that it i@intly operated at

« obj. #333 ») into a standard identification (eg. NGC 3379). different sites : the catalogues, as well as the FITS archive, are
maintained separately in different sitasd aredaily mirrored

We actually metthis problemwhen re-reducing thel.93-m to Lyon to update thedatabase. In turn, the database is
CARELEC spectraaccumulated inthe period 1992-1997 in mirrored to the public Hypercat sites.

order to analyse the stellar population of galaxies (Golev et al.
1999 A&A in press). Werealized that itwould be more
efficient to store at once all necessanformation in the
image keywordsandthat it would anticipate a possiblee-use

of these data. In addition, well-describddta can beused to
feed pipeline processing which is much more efficient than the
tailor-made approach we were accustomed to.

This organization isquite complex, as it involvesabout 10
computers, but is efficient since it minimizes theed ofnon-
automatic interactions for the operations of database
management. It also exerts a heavy pressure ométwork,
but since all communicationare concentrated during thew-
traffic hours the network capacity is sufficieMote however
that having distributed mirrors of the database akshices the
Theseconsiderationsled us todevelop, in theframe of the long-distance network load during the heavy-traffic hours.
Hypercat database,

Organization of archive

The HFA itself is structured inlatasets, eacborresponding to
a FITS archive (hereafteHFA, Hypercat FITS Archive). We a set ofobservationstaken in the sameonditions. See an
have adopted for the archive tifdexible Image Transport accuratedefinition of a dataseanddetaileddescription of the
System (FITS) standard because it is widely accepted by organization of the archive at:

astronomical communityand because itflexibility allows to
mix images and tables. Moreover, thisstandard is in
permanent but controlledvolution, and is adapted tpresent Together with the science frames, all otharformation
and future conditions of astronomy. necessary to the data reduction is also storedFA. They are
in particular:

http:/Aww-obs.univ-lyonl.frrhypercat/

http:/AMww-obs.univ-lyonl.fr/hypercat/11/
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(i) Template objects used for flux calibration.

(i) Spectra of reference lamp for wavelength calibration.
(iii) Mean flat field (and bias) used in the reduction of science
frames.

The most important aspect of the archive is the definition of
FITS keywordsused todescribe theobservations.This set of
keywords has been designed to make edcdme as
independent as possible in order to provide allitifermation
needed to feed processing pipelineThis is not as simple as
it seems at first glance: for example, ttedescope usually
doesn’t produce a keyword to indicaaéong which axis is the
spectral dispersion, and which axis is the spatial direction (for
long-slit observations).Although it is not a problem for
tailor-made processing, this almost preventhe use of
pipeline procedures.

In total we have defined about 100 keywords classified into six
categories:

Dataset Setup Keywords: Fixed value for thewhole

dataset. An example id_CONTXTwhich is nature of frame
(BBI for Broad-band imagery, LSS fdrong-slit spectroscopy,
etc).

Frame Setup Keywords: Fixed value for a framdike
H_TYPEfor type of file (science object, template, bias, etc).

Dataset Processed Keywords: Modified by the
processing.Same value fothe whole dataset, likél_DGAIN
(the detector gain, in electrons/ADU, change if tHata
scaling is changed).

Frame Processed KeywordsSame asbove butdifferent
for each frame.

Related Frames keywords: Pointers toward calibration
frames. For exampleH_ASPO0Olcontains the name ofbias
frame used to correct the current image.

Processing History Keywords Describe theprocessing
history. Because th&ee format of the standar8ITS keyword
HISTORY does not allow to easilgecodethe history using a
program, wedefined newspecific keywords. They allow a
program to know if, e.g., the file is already flat-fielded.

The complete list of used keywords can be seen at:
WwWwobs.univ-lyon1l.fr/hypercat/11/keywords.html

Distribution

As the rest of HypercatiFA data may beetrieven through a
Web-based interface available presently at three locations :

Lyon www-obs.univ-lyonl.fr/hypercat/
Napoli  www.na.astro.it’/hypercat/
Milano palladio.brera.mi.astro.it/hypercat/

Soon, two other mirrors, in Sofia and Moscow, will be open.

The extraction of data is performedthrough
consisting in four different parts:

(i) The type of data to be extracted (here FITS data)
(i) The selection criteria (e.g. the name of a galaxy)
(i) The processing to apply to the extracted data
(iv) The format of output.

requests

The pipeline processinghained to thelataextraction is for
the momentstill limited. The functions yet provided are
mostly aimed at delivering pre-processed data (i.e. flat-fielded,

wavelength-calibrated, flux-calibrated). We have also included
simple functions for evaluating the relevance or quality of the
data (visualizations, statistics... @nd the possibility to
extract an object from the field. Thedenctions can be
interleaved along the pipeline.

Perspective

The HFA is in rapid evolution. We continue fieedthe archive
with other datasets, fronOHP and other observatories, in
relation with our projects about stellar kinematics and
populations in galaxies.

The pipeline proceduresare also being developed. We are
implementing functions for cosmetic processing (e.g.
removal of spikes due to cosmic rays), but the nassbitious
part consists in implementing also sophisticatasalysis
procedures. We plan to offer, afté®99 June, theclassical
kinematical and spectrophotometric analysisalgorithms
online. Hence, the output of theipeline will eventually be
more than &FITS file containing observations: Will also
deliver rotation curves orspatial profiles ofline-strength
indices.

The interest of the project is not teproduceanalysis already
performed (and published). It allows to address completely new
problems. In particularthe main presentimitation to the
accuracy of thestellar kinematics is the templatemiss-
matching : HFA and the analysis pipelineswill allow to
check theanalysis againstifferent templates and, in a few
month, to use synthetic templatesbased on thePEGASE
program (Fioc & Roccal997) and on the ELODIE stellar
library (Soubiran et al. 1998).

The development of Hypercat is driven foyr own scientific
projects. However, the experience we havacquired can
undoubtly be applied to otheprojects. We believethat
adopting this approaclior the data managementould both
profit to the scientific project themselveand enhance the
usefulness of small-telescope observations.

Our team could provide some support
considering to follow this approach.

to anyroject
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The VIRMOS integration
facility at OHP

Picture taken on 22 December 1998 showing the internal framework

.-L.-_E__"-‘ a
Picture taken on 4 January 1999 showing the inner shell

Picture of the almost-finished building taken on 29 March 1999

The pictures above show thélRMOS Integration Facility at
different states during itgonstruction. This building, to be
completed by thesnd of April 1999, consists of first room
aimed atreceiving and unloading the truck (entrance to the
left), a second roondedicated tothe instrumentintegration
operation control room, a small roonfor the small
subsystems assembly operatioremyd four offices for the
VIRMOS consortium teams.

The first operations taake place in the buildingrethe VLT
VIMOS (VIRMOS Visible Instrument)integration, scheduled
to start in May1999 and to end irNovember 1999 with the
Preliminary Acceptance Tests in Europdéfterwards, the
instrument will be partially disassembleahd shipped to the
Paranal site.

The VLT VIRMOS Infra Red Instrument (NIRMOSYill follow
the same process one year later.
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