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ABSTRACT

As a result of the different instrumentson-boardGaia
andtheir variousspatialor time resolutionsmillions of
Double and Multiple Stars(DMS) will be detectedof
almostevery kind. Accordingly, the dataprocessingof
DMS will undoubtedlybe complex. This processingan
be describedn broadcateories: resoled doublesand
multiple stars,astrometricspectroscopigphotometricor
eclipsingbinariesandclassi cationtask;in total, notless
than 32 algorithmsmay be neededwhich also call for
adaptedsimulations.

Key words:Binaries;Multiple Stars;Gaia;Dataprocess-
ing.

1. DMS TASKS

The global datareductionof the hugeamountof Gaia
datawill represena challengéor theastronomicatom-
munity. Consideringnow non-singlestars,a major sup-
plementaryreductionprocesseedgo be accountedor,
asalreadyexperiencedn a muchlesserscalewith e.g.,
the Hipparcosdatareductions. On the other hand, this
compleity is neededto obtain all that can be brought
by the studyof duplicity in stellarand galacticphysics:
masses,radii, luminosities and separationscontritute
to the knowledge of stellar structure,stellar formation,
galacticpotential,chemicalevolution, etc.

The DMS algorithmswhich areforeseerareindicatedin
the following section,and summarisedn Table 1. A
more detaileddescription,with associatedVork Pack-
agesgcanbefoundin Arenou& Soderhjelm(2003). This
documentregularly updatedhanksto the contribution of
the DMS community canbe found on the GaiaDouble
andMultiple StarsWorking Groupwebsite'.

Besideghegeneraklassi cationof theDMS, mainly de-
pendingon the instrumentwith which they are detected
and managedtherearemary otherdifferencedbetween
the algorithms. Somealgorithmswill have to take into
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accountabinarymotion; severalalgorithmsmaybe seen
asa rst implementatiorof a giventask,andwill include
otheralgorithmsin a secondstep;somewill usethedata
of oneinstrumentonly, requiringanin-depthknowledge
of this instrument,whereasothersneedan overall view
only of all instruments.

Thecomplity of thealgorithmsis alsovariableandcan-
not be describedn detail here. However, it is clearthat
both the variability of the sky, of the obsenration char
acteristicsandof the datareductionprocessebave to be
accountedor. Rolustnesawill then have to be imple-
mentedo copewith all whatcanandwill happencosmic
rays,varyingbackgroundimperfectcalibrationsuneven
epochobsenations,etc.

Although very uncertainat this stage the CPU load will
dependnthecomplity of thealgorithmbut alsoonthe
type andnumberof datathatit hasto manage:whether
the algorithm needsthe nal astrometricparametersf
eachstaronly, thecentroidat eachtransit,or all the sam-
plesobsered at all transitsfor all stars,requiresan in-
creasinghumberof operationsThis hasto be multiplied
by the tremendousiumbersof binarieswhich shouldbe
analysedseeFigure 1 and Soderhjelm2004), requiring
largeoptimisationdor somealgorithmg(e.g.,thosedoing
the detectionof duplicity), while the positive detections
may be tackledby othertasksusingmorecomple algo-
rithms,but appliedonamuchsmallemumberof systems.

It shouldbe stressedhat the descriptionwhich is given
heredoesnotrepresenthe nal list of algorithmswhich
will be appliedfor the datareduction. Ratherit allows
to initiate thework andto estimatehe neededesources.
Oneinterestingchallengeis the interlink of the various
algorithms,with anincreasedluplicity detectionproba-
bility by combinationof individual algorithmresults,and
differentrun modesdependingon the kind of available
measuremen@ndparameters.

2. DESCRIPTION

Seven main tasksare describedbelon, eachbeing dis-
tributed in several algorithms. One main task, not de-
scribed here, is the dedicatedsimulation of the vari-
ousDMS catayories:non-interactingoinaries,multiples,
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Figure 1. Simulatechumbes of all DMS (overall curve)
and resultingmain solutionsobtainedper dex of orbital

period,asa functionof period. Fromleft to right: spec-
troscopicorbits encompassingclipsingbinaries joined
astro+specto orbits, astometric binaries acceleation
solutions resolvedbinaries Theoverlaps,giving a bet-
ter detection,imply joined solutionswhich improve the
orbital parametes andtheastrometry

variablespr closebinaries.

2.1. ResoledDoubles

2 Detectedbinaries computesthe astrometry BBP
photometryandrelative astrometricparametersor
ary sourceresohed in the sky mappers. It is as-
sumedthat approximatepositionsand magnitudes
areknown from "ASM datahandling' or “Imaging
analysis'.

2 Undetectedesolvedbinaries the reductionof re-
solved binariesa priori unknawvn, typically applied
to all starswith a poorsinglestar t. It will needa
kind of “grid-search”for thesecondaryositionand
in somecaseslsofor thecomponentolours.

2 QOrbits of resolvedbinaries the systemsfrom
(mostly) "Undetectedresohed binaries' with de -
nitely curved motions,large-sizeastrometricorbits,
or otherpotentiallyresohableorbitsaresolvedwith
acompleteKeplerianmodel.

2 |maging analysis faint companiongo a detected
starmay not be detectedat eachtransitobsenation,
whereasanimaginganalysisof thestarervironment
using all missiondatamay be pro table to detect
perturbingsources.Two differentalgorithms(driz-
zle andTikhonov) areindicatedin Tablel.

2. Commonproper motion companionsare searched
in arelatively large angularradiusaroundeachstar,
andthe proximity of componentsn phase-spaces
statisticallytested.

2 Variable resolvedbinaries resohed binarieswith
oneor both componentvariablein light. This can
be seenasa complei cation of "Detectecbinaries'
and’Undetectedesohedbinaries'.

2.2. Astrometric Binaries

2 Acceleation solutions the signi cance of a cuna-
tureof thepropemotionof anapparentlysinglestar
will be computedfor moststars. A secondor third
ordertermwith respecto time maybeneededOut-
put may have to begivento "Astrometricorbits'.

2 Astometricorbits: for ary sourceclassi ed asun-
resoled double or multiple, this task performsa
periodogramanalysisof positionalresidualsandat-
temptsto describethe photocentrianotionby a Ke-
plerianorbit.

2 JoinedAstmo + Specto orbits: whena (oftenuncer
tain) Keplerianorbit canbe appliedon eitherspec-
troscopicor astrometriadata,both datacanbe used
to attemptajoinedsolution(seeFigurel).

2 Photocentrichinaries given a colour difference
betweencomponentsthe astrometryin the Broad
Band Photometersmay reveal componentssepa-
ratedby down to a few milliarcseconds An orbital
solutionmaythenbeneeded.

2 Stodasticlabels arobustsolutionfor starswith a
badgoodness-of- twhereinitial acceleratioror or-
bital solutionsarenotsatishctory Thismay(or may
not) correspondo shortperiod binaries,providing
an alternatve input to “JoinedAstro + Spectroor-
bits', whenapplicable.

2 Variable unresolvedbinaries detectsthe presence
of a companiorthroughthe variability of onecom-
ponentandthe associatedstrometricshift.

2.3. Multiple stars

Figure 2. The samemultiple systemin a high density
3%k 4.7%9 eld shownwith the binning of the Astromet-
ric Sk Mappes (left, 0.088E 0.26%°samples)the As-
trometric Field (middlg 0.044€ 1.59°samples)and
the Specto Sky Mappess (right, 0.8972% 1.34%%pixels).
Crossedndicatethe G < 22 stars. Thevariousresolu-
tions, underlining the compleity of the data reduction,
call for dedicatedyetnotindependentalgorithms.

2 ASMdatahandling providesimproved parameters
(especiallytrans\erseposition), using colour infor-
mation,PSFandcalibrationsotavailableon-board,
andis usedasa startingpointto "Detectecbinaries'
and Detectedmultiple stars'.



Detectedmultiple stars: visualmultiple starsanaly-
sismaythenbeconsideredisasubtaslof "Detected
binaries',anddealswith widetrapeziunsystemsle-
tectedin the ASM.

Resolvedhird componentsresohed doubles(AB)

from “Undetectedesoledbinaries'with remaining
poor t aretestedor athird resolvedcomponen{C)

closeto oneof theknown ones.

Acceleation in multiples resohed doubles(AB)
from "Detectedinaries'or "Undetectedesohedbi-
naries'with toolargecurvatureto bedueto themain
AB orbital motion are agged as multiples, but no
new solutionsareperformed.

Astrometric and/or R.V orbits in multiples from
"Detectedbinaries', the astrometryof the resohed
componentsnaynotbesatishctory If testedassig-
ni cant, a Keplerianmotionfor one of the compo-
nentsis computed.

Closetrapeziumsystem makesthe datareduction
of aclosetrapeziumsystemunresohedin the ASM.

Variable multiple stars. this taskprocessea multi-
ple systemwith one(or more)variablecomponents,
suchase.g.,the Orion Trapezium.

SpectroscopicBinaries

Spectrunbinaries detectsa compositespectraand
recoversspectroscopiinformationfrom eachcom-
panion,assumingno relative motion. This excludes
the caseof spectraoverlappingwith a differentstar
at eachtransit, which is expectedin the galactic
planedueto crowding.

SB orbits: teststhe duplicity, performsa fast pe-
riodogramanalysisof the epochradial velocities,
and provides an orbital solution. A “JoinedAstro
+ Spectroorbits' solutionmaythenbe needed.

SB2analysis detectsthe duplicity, providesan or-
bital solution,andcharacterisephysically thecom-
ponents.

Photometric Analysis

Photometridbinaries thistaskshoulddetectacom-
posite ux in MBP and,whenpossible contrituteto
the parametrisatioiof thetwo components.

Photometrianultiple detectshepresencef multi-
ple componentén MBP from the compositeux.

Eclipsing Binaries

Detectionof eclipsingbinaries performsthe detec-
tion of eclipsingbinariesandderive preliminarypa-
rameterssuchas period. Epochmeasurementsf
AF, BBP andMBP may have to be combinedn or-
derto nd theperiodicity.

2
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Light-curveanalysis performsare ned light curve
analysisand derive physical parameter®f the sys-
tem, possibly using the astrometry When a joint
photometric/spectroscopanlutionis possible,this
task providesinput to “Eclipsing spectroscopiti-
naries'.

Eclipsing spectoscopicbinaries computeghe or-
bit and all physical parameterdmass, radius) of
an eclipsingsystem,wheninput from "Light-curve
analysis'andepochspectroscopimeasurementxre
available.

Timing Binaries detectsthe existenceof a third
companionthroughthe analysisof the light curve
minima of eclipsingbinaries(or othervery regular
variables).An accelerationAccelerationsolutions'
or orbital "Astrometricorbits' input solutionmaybe
usedjointly for improving the solution.

Eclipsing binaries with variable component per
formsare ned light curve analysisfor eclipsingbi-
narieswith variablecomponentsuchascataclysmic
or RSCVnsstars,andderivesphysical parameters.

Variable eclipsingbinariesin multiples performs
are ned light curve analysisfor eclipsingmultiples
with variablecomponentsuchascataclysmior RS
CVn stars,andderivesphysical parameters.

Classi cation

Rejectionfrom core processing checkswhethera
sourceis a single staror not using all signi cance
testsproducedby all otheralgorithms. This would
be usedfor the rejectionof the objectandits obser
vationsfrom the coreprocessingf singlestars.

Measuementclassi cation in a double or multi-
ple system,the obserations coming from one or
anotherinstrument,or the variousepochmeasure-
mentsin eachinstrument,may referto one,two or
moredifferentcomponentgseeFigure2). Eachob-
senationshouldbelabelledasafunctionof thecon-
cernedcomponents.

3. CONCLUSION

As shouldbeapparenttheamountof work neededor the
datareductionof DMS is challengingandwill have to be
performedn coordinationwith several otherGaiaWork-

ing Groups.Two representatie algorithmshave beende-
liveredin the currentsecondphaseof the GaiaDataAc-

cessand Analysis Study (GDAAS), and the remaining
taskscall for anearlyinvolvementof the community
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Table1. Preliminary estimationof the tasksto be performed:(a) Algorithmdesignationb) instrumentavhee thealgo-
rithm mostlyapplies(CCD: A=AF1-11,B=BBP,M=MBP, R=RVS, Ast=ASM+AF+BBP);(c) relationwith other\Work-
ing Groups(WG: I=ICAP, O=0BD, P=PWG,R=RVS,S=SWGYV=VS); (d) softwaer developmentompleity (Cplx); (e)
very uncertainprocessindoad: datawhich are used(Datafromsouice: O=observationsE=elementarydata,P=source
parametes), numberof stars on which the algorithm is applied, and correspondingtotal CPU-yearnormalisedto a
Y4 Pentium4 2GHzprocessargeneally for oneiteration; (f) developmentpriority (Prio); (g) schedulewith respecto
GDAASphase(GP=2, 3 or 4). SeeArenou& Sbderhjelm(2003)for more details.

Algorithm CCD | WG | Cplx Processindpad Prio | GP
Data| Stars | CPU-yr
Resoled doubles

Detectedbinaries A-B 272 [e] 107 0:5 22 | 2
Undetectedesolhedbinaries | A-B 2277 O |3£10° 50 277 2
Orbitsof resolhedbinaries A 2722 E 10° 0:06 ? 3
Imaginganalysis AF11| P 2 ¢) 10° 80 » | 3

ASM | P 2 ) 10° 740 2 3
Commonpropermotion A ? P 10° ? ?? 4
Variableresolhedbinaries A-B \% 2792 0] 2?2 2?2 3

Astrometric binaries
Accelerationsolutions A ? E 10° 0:1 272 2
Astrometricorbits A 2 E | 3£ 10° 170 | 22 | 2
JoinedAstro + Spectroorbits | A+R 272 E 10’ 6 272 3
Photocentridinaries B+A | P 222 | EIP 10’ 0:5 2 3
Stochastidabels A+R 2 E 10’ 0:01 7 3
Variableunresoledbinaries | A-B Y 2222 E 2? 2 3
Multiples stars
ASM datahandling ASM | O 2? 0] 10° 440 222 2
Detectedmultiple stars Ast 272 @] 10° 0:5 2722 3
Resolhedthird components | A-B 22772 0] 10’ 50 22 3
Accelerationin multiples A-B 222 | OIE 2? 2? 3
Astro/RV orbitsin multiples | A-B 2277 @] 22 3
Closetrapeziumsystem Ast 29972 0] 22 3
Variablemultiple stars Ast V | 29722 0] 2?2 3
Spectroscopicbinaries
Spectrunrbinaries R R 272 O [2£10 0:6 2 3
SBorbits R R 227 E | 3£10° 0:2 22 | 3
SB2analysis R R 2772 0] ? 27?2 3
Photometric analysis
Photometridinaries M P-I 27?2 E 2? 2? 3
Photometrianultiple M P-l | 2222 E 22 ? 4
Eclipsing binaries
Detectionof eclipsingB. all V | 2222 E 10° 222 22 | 3
Light-curve analysis all \% 2 E | 2£ 10° 2 » | 3
Eclipsingspectroscopi®. all R-V | 2722 E | 2£ 10° 0:3 2722 3
Timing Binaries all \% 22 E/P ? ? 4
EclipsingB. with var. comp. all \% 2272 E 2? 3
Var. ecl. B. in multiples all V | 22722 E ? 3
Classi cation

Rejectionfrom coreproc. Ast I ? O/E 10° ? 272 2
Measurementlassi cation all I 2? O |4£10° 2? 2? 3




