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Abstract
We presenttherecentandforthcomingevolutionsperformedin connectionwith their interfacingwith theVirtual Observatory, of themodellingtools(modelof theGalaxy)anddatabases(doublestar
database,TNO orbital database,photometricdatabasefor Kuiper-Belt ObjectsandCentaurs)developedat ObservatoiredeBesanc,on.After sketchingthescientificobjectivesof thesesfacilities,we
describein particulartheimplementationof VO standardsandtheuseof someVO toolspurposely.

Galactic Model of Stellar Population Synthesis
Themodelhasbeendevelopedby anumberof peoplesincethe’80s (M. Créźe,A. Robin,O. Bienayḿe,
M. Haywood, C. Reylé, S. Picaud,M. Schultheis,B. Debray, S. Derrière,et al.). It aimsat producing
realistic simulationsof the stellar contentin a given direction of observations,basedon a formation
scenarioanda populationsynthesismodelof the Galaxy (seedetaileddescriptionsin Bienayḿe et al
1987,Haywoodet al, 1996,Robinet al, 2003).
A webinterfacehasbeenprovidedin 1996which allows theuserto performits own simulations.How-
ever thesourcecodeis notavailableon line.
In 2006a new versionhasbeenreleased(describedin Robinet al, 2003)which extendsthesimulations
towardsthenearinfraredandgiveslargely improvedsimulationsincludingin thebulgeregion.
Thecapabilityof thesimulatoris to providetheuserwith thestellarcontentof aregionof thesky, includ-
ing intrinsic parametersof thestars(absolutemagnitude,effective temperature,gravity, metallicity, age)
convertedto observables,like photometryin differentphotometricsystems(Johnson-Cousins,Megacam
systemugriz),stellarmotions(propermotions,radialvelocity),distance,extinctionon theline of sight.
Thesimulationis doneusingselectionbiasdefinedby theuser(selectionson spectraltype, luminosity
class,age,population,intervals of magnitude,intervals of colours). Theseselectionsareappliedafter
propererrorsarecomputedfor eachobservables(photometry, propermotions,radial velocity). Errors
arealsodefinedby theuserasgaussianswith standarddeviation dependingon themagnitudeof thestar.
Theoutputof thesimulatorareeitherin theform of a catalogueof simulatedstars(which shouldstatis-
tically be conformto what is expectedin an observed catalogue),or tablesshowing the distribution in
parameterschosenby theuser(magnitude,colours,etc...)
Thesimulatorcanbefoundatwww.obs-besancon.fr/model.

Userinputsandoutputsof thesimulator

Inputs Output
Directionof observation(l,b) or ( ) Catalogueof stars
Areaon thesky (sq.deg.) or
Maximal distance Tablesof distribution
Extinctionmodel in apparentmagnitude,colours,etc...
Error model Format:
Selectionsin apparentmagnitude,colours,... asciitext
Selectionsin absolutemagnitude,SpT, LC, age,population or VOTable

A new versionof themodelwill beavailablethis summerwhich includes:

Simulationsin Megacam-Wircamcombinedphotometricsystems

Simulationsin SDSSphotometricsystem

New extinctionmodelfor thegalacticplane( )

Simpleruseraccesswith parameterstransmittedin theURL

Directoutputto thescreen,insteadof ftp, for fastsimulations

Outputin VOTableformat

As anexampleof modelreliability figure1 shows thecomparisonbetweenthenumberof starsobserved
in the 2MASS catalogueasa function of longitudeandlatitudeup to the limit of completenessof the
catalogue,with modelpredictionsin similar conditions. The modelpresentedin this figure includesa
new 3D extinctionmodel(Marshallet al., 2006).

Besançon Doubleand Multiple Star Database
Since1995,a databasemerging all categoriesof doubleandmultiple starshasbeendevelopedat Obser-
vatoiredeBesano¸n. A first stepconsisted,togetherwith the implementationof thecomputingstructure
of thedatabase,in incorporatingthe largecataloguesof binarystarsaswell assettingup thefirst query
modesof the database,relying mainly on star identifiers,specificto catalogues.Recentdevelopments
focusedon othermodesof dataquerymodesof data,aswell ason processingnon-numericaldata,such
asCCD imageswith differentphotometricfilters. New querymodesof the databasearedonein this
casefrom intrisic dataof stellarsystems,which vary asa function of the binarity type. For visual bi-
naries,it becomesthis possibleto find stellarcouplesaccordingto a combinationof four parameters:
angularseparation,magnitudedifferenceandspectraltype of componentsand/orthe magnitudeof the
main component.It is alsopossibleto get samplesof visual binariesaccordingto right ascensionand
declination. A similar processis implementedfor eclipsingbinarieswhich canbe queriedagainst the
following parameters:theperiodof the luminosityvariation,magnitudeat themaximumof luminosity,
spectraltypeandphotometricclassificationtypes(EA, Ebor EW) andKopal’s (detached,semi-detached
or contact).

Thereimplementationof thedatabaseunderthefreeDBMS PostgreSQL,otherwisenow widely usedin
astronomicaldatabases,hasbeenstarted.It aimsboth at upgradingthe possibilitiesof querieson data
andeasetheprocessof theforeseensetupof amirror of thedatabaseat theInstituteof Astronomyof the
RussianAcamedyof Sciences;on theotherhand,it will easetheprocessof implementationof someVO
standardssuchastheVO querylanguageADQL.
A work hasbeenrecentlystartedin collaborationwith theSternberg AstronomicalInstitutein Moscow
aboutUCDs for binary stars;basedon the review of available cataloguesof binary stars,it aims in
particularatdeterminingmissingUCDsin thepresentIVOA vocabulary, whichareusefulto characterize
binarystardata.

Dynamicsof small bodiesof the Outer Solar System
Theimplicationof this researchtopic in theVirtual Observatoryconcernstwo projects:

Data base: Theaim of this projectis to make availablethefirst anduniquenonbiaseddatabaseof
orbitalelementsof smallbodiesof theOuterSolarSystem.It will containall theobjectsdiscoveredin
the the framework of CFHTLS-VW. Apart from astrometricmeasurementof positions,thedatabase
will containthecircumstancesof thediscovery aswell astheefficiency of thediscovery. We will also
addathelog of follow-upattemptsof theseobjects,whetherthey weresuccessfulor not (indicatingthe
mostprobablereasons).Whentheastrometricaldataallow it, we will alsoprovide orbital elements,
ephemerisanda dynmicalclassification.Besidesthis purely descriptive part, the databasecanalso
provide predictionsof of positionsfor a setof selectedobjects.This secondstepmakesour database
anoperationaltool for follow-up observationsandalsofor comparisonswith theMinor PlanetCenter
databasefor searchin archives.
The database of astrometric data is already available on line at URL
www.obs-besancon.fr/TNOdb. It contains all the data concerning objects discovered
duringthefirst 2 yearsof CFHTLS-VW, aswell asdatafrom thepre-survey.

Simulator: The aim of this serviceis to allow to test formationandevolution modelsof the Outer
SolarSystem.Theoreticianswill be ableto proposea modelof the Kuiper belt andto comparethe
distribution of objectswhich would be observed in sucha modelto actuallyobserved objectsin the
framework of th CFHTLSsurvey (link with thedatabasedescribedabove). At themoment,thesimu-
lation programis written andworkscorrectly. A key elementof thesimulatoris theknowledgeof the
wholesetof thesurvey targetobservationsandtheefficiency of thediscovery of eachtargetobserva-
tion asa functionof themagnitudeof theobjectandof its shifting rateon thesky background.This
efficiency functionhasbeendeterminedfor thewholesetof targetsof CFHTLSobservationsin 2003.
This serviceshouldbemadeavailableon line duringyear2007.

Figure 3 Figure3 showsanexampleof possiblemodellingusingthesimulator. Bacldotsrepresentthe
objectsof themodel(50%in theclassicalbelt,40%in thedisperseddisk,4%in the3:2 resonance4%
in the2:1 resonanceand2%in acolddistantdisk. Greendotsrepresenttheobjectswhichwouldhave
beenseenby thesurvey if themodelwasa correctrepresentationof reality (from thesimulator),and
reddotsrepresenttheobjectsdiscoveredduringthefirst yearof theCFHTLS-VW survey.

Photometric databasefor Kuiper belt objectsand Centaurs
This databaseaimsat centralizingall photometricobservationsof Kuiper-belt objectsandCentaurs.It
mustallow to getthesedatain a standardizedway, directly usableby a computercode,with userchosen
parameters(apparent/absolutemagnitudes,MJD correctedor not from the light pathtime, phaseangles
givenor not, ...). Thesedataarepresentlyscatteredacrossagreatnumberof scientificpublications(even
sompetimesnotpublishedin detail)andareoftenpresentedunderdifferentformswhichmakestheir use
difficult andinconvenient.

Presentstatus

The data base is freely accessible on the site of Observatoire de Besanc¸on
(www.obs-besancon.fr/bdp) since beginning of August 2005. Presently, it contains ex-
actly 2493photometricdatafor a total of 33 differentobject(asof June22,2006).Thedatabaseoffers
thepossibilityto obtainthesedataunderdifferentformats(seethequeryform in figure4 andfigure5 for
anideaof theoutputof theresults.This databaseis built on thePHP/MySQLcouple.
Initially, different forms wereavailableon line to transferalsoone’s own data(underthe control of a
moderator).Experiencehashowever shown that thereexistedsucha greatdiversity in thewaysto store
photometricdataandthat it wasconsequentlyvery difficult to be ableto take all of theminto account
in anautomaticwebform. This is why this partof thedatabasehasfinally beenrecentlyreplacedby a
simpleHTML pagegiving thecoordinatesof its managerto sendthedataby electronicmail.

Figure 4 Figure 5

Developmentprojects

By theendof year2006,it is foreseen:

(i) a moresophisticatedinterfaceallowing to choosedata,not only for a givenobectbut for a whole
rangeof objectscorrespondingto certaincriteria(apparentmagnitudefor instance),

(ii) to enteragreatnumberof datain thedatabase,in reviewing all publishedarticlesandin contacting
possiblytheauthors(work alreadystarted)

In thelongerterm,threeotherimprovementsareplanned:

(i) “direct” analysistools(periodogramme,graphicalvisualisation,...

(ii) anoutputof thedatain VO format,

(ii) maybeaninterconnectionwith theIMCCE databasesprovidedephemeridsfor theseobjects.


