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The binary population in the Sco-Cen Complex

Discovery and confirmation of double-lined spectroscopic binaries ?
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Abstract. In the framework of ”a Hipparcos based study of the binary population in nearby OB associations”, the population
of binaries in the Sco-Cen Complex (composed by three nearby southern OB associations: Lower Centaurus Crux, Upper
Centaurus Lupus and Upper Scorpius) is studied.

Almost no faint spectroscopic binaries (V fainter than 6.5) are identified at present, such that within the 664 secure and
possible members of the Sco-Cen Complex, at least 90 new SB1 and SB2 are waiting detection.

Two recent high-resolution spectroscopic runs at Sutherland Observatory (South Africa) and at Mount John Observatory
(New Zealand) allow the detection and confirmation of SB2s from preliminary reduced spectra.

1. The Sco-Cen Complex

The Sco-CenComplex, alsonamedScoOB2 in the literature,is composedof threenearbysouthernOB associations,Lower
CentaurusCrux (LCC), UpperCentaurusLupus(UCL) andUpperScorpius(US),®rst identi®edby Blaauw(1964).During the
pre-Hipparcosera,many of thebright membersof theSco-CenComplex wereobservedfrequently, whereasthefainterobjects
werelargely ignored.

UsingHipparcosdata(Perryman1997)andtwo selectionmethods(seeHoogerwerf& Aguilar 1999anddeBruijne 1999),
deZeeuwet al. (1999)madea thoroughstudyof membershipof the threeOB associationsLCC, UCL andUS. For thewhole
Sco-CenComplex, they founda total of 521securemembers:120 in US,221 in UCL and180in LCC. Themeandistancesof
thethreeassociationswerefoundto be145± 2 pc for US,140± 2 pc for UCL and118± 2 pc for LCC. No systematicstudies
of theduplicity weremade,excepttwo partialones(Levatoet al. 1987,Verschuerenet al. 1996)andrecentspeci®cstudieson
pre-main-sequenceobjects(Jayawardhanaetal. 2002,Mamajeketal. 2002,Preibischetal. 2002).

We compileda list of 664objectswhich shouldbescreenedfor multiplicity. In this list, 521objectsarethesecuremembers
(seede Zeeuwet al. 1999)and143 arepossiblemembers,accordingto pre-Hipparcosstudies(de Geus1988,Brown 1996)
andconsideringthemoderatediscrepancy in transversevelocity, but not selectedby deZeeuwet al. who preferredto publisha
selectionbasedsolelyontheHipparcosdata,ratherthanuseadditionalinformationof very inhomogeneousquality. This is at the
expenseof somemembers,especiallyin thecaseof binarity (seeNitschelm2003).

In 2003,high-dispersionspectroscopy with the purposeto detectbinarity was obtainedin observingruns at Sutherland
Observatory(SAAO), SouthAfrica (June10-17),andatMountJohnUniversityObservatory, New Zealand(July1-12).

2. The June 2003 observations in South Africa

2.1. General description

At SutherlandObservatory, the®bre-fedechellespectrographGIRAFFEavailableat the1.9-mtelescopewasused,with theblue
prismgiving awavelengthrange3770Å - 5560Å in 36spectralorderswith a resolutionof 39000.

Pointingoverheadandinstrumentsensitivity setthe time requiredto obtaina spectrumwith signal-to-noiceratio 200 at λ
4500Å to 15minutesfor a 6th magnitudebluestar. Includingregularwavelengthcalibrationchecks(detectionof low amplitude
binaries)with arcspectraandlate-typeradialvelocitystandards,48spectraof 13mainprogrammestarswith 6.4< V < 7.0were
obtainedin 6.5usefulnights.Noneof thetargetswasa known binary.

? Based on observations made at Sutherland Observatory, South Africa, and at Mount John University Observatory, New Zealand
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Fig. 1. The Mg II 4481.2 Å line in the spectra of HD 119727 with GIRAFFE

2.2. HD 119727

Most of the targetsturn out to be fastrotatorswhich needa detailedanalysis,but HD 119727(V = 6.42,A1V) is anobvious,
previouslyunknown SB2(seeFig. 1). Theseparationof thelineschangedconsiderablyin oneweek,but not in two consecutive
days.Thetwo componentsof theSB2areslow rotators.HD 119727is a securememberof LCC.

3. The July 2003 observations in New Zealand

3.1. General description

At Mount JohnUniversityObservatory, the ®bre-fedechellespectrographHERCULES,availableat the 1.0-mtelescope,was
usedin position4 of the grating,giving an usefulspectralrange3760Å - 4560Å in 34 spectralorders,with a resolutionof
35000.Fasterpointinganda higherinstrumentsensitivity morethancompensatefor thesmallertelescopesize,whencompared
to GIRAFFE,at leastup to 6.7in V magnitude.

Hence,the site was judgede� cient to observe bright suspectedspectroscopicbinariesand the brighterend of the main
programmestars.With about50%of time lost dueto badweather, datawerecollectedfor 29 suspectedspectroscopicbinaries
and9 presumedsinglestars.A few brightsuspectedspectroscopicbinariesareobviousSB2.

3.2. HD 90264

ThestarHD 90264(V = 4.97,B8V) is a securememberof LCC. This starwastermedasa double-linedspectroscopicbinary
by Pedersen& Thomsen(1977),thenby Hubrig & Mathys(1996).For Dolk et al. (2003),who wereusinga shortpieceof a
highdispersionspectrumfrom theCESinstrumentat ESO,aroundtheHg λ 3984line, it is a SB1with v sin i = 7 km/s (andnot
80 km/s asHubrig & Mathys(1996)quote).On theotherhand,thevariability of HD 90264,suspectedby variousauthors,was
nevercon®rmed(thisstaris a verystableobject,accordingto theHipparcoscatalogue).
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Fig. 2. The Mg II 4481.2 Å line in the spectra of HD 90264 with HERCULES

Thetwo spectraobtainedwith threedaysin-betweenclearlycon®rmthedouble-linednatureof this star, withoutambiguity
(seeFig.2).Thetwo componentsareverysharp-linedstarsandhavesimilarspectraltypeandmass.Theblue-shiftedcomponent
in bothspectrais aHgMn component.

3.3. π Lupi = HD 133242 + HD 133243

Thedoublestarπ Lupi, which is a securememberof UCL, is composedof HD 133242,theA component(V = 4.57,B5V), and
HD 133243,theB component(V = 4.65,B5IV). This is a physicalpair andtheorbit is known, with a periodof 517yearsand
a meanseparationof 1.59arcsec(Nitschelm2003).Buscombe& Morris (1960)notedthatat leastoneof thecomponentsis a
radialvelocityvariable,usingobservationsmadein June1955andApril 1956.Theshorttime baseline(lessthanoneyear)was
thengiving evidencefor athird body. Later, π Lupi wasfoundto beaspectroscopicbinaryby Buscombe& Stoeckley (1975).On
theotherhand,theBrightStarCatalogue(Ho� eit & Jaschek1982)describesbothcomponents,A andB, asknownspectroscopic
binaries(SB),but thesourcesusedin theBSCarenotmentioned.

π Lupi wasobservedfour timesin tendaysand,then,onetimetwo monthslater. Wedid not resolvethevisualbinary. At ®rst
sight,thesystemconsistof a complex multiple system,at leasta SB2+SB1system(seeFig. 3). Indeed,threecomponentscan
easilyberecognized,of which two aresharped-lined.

3.4. λ Lupi = HD 133955

Thestarλ Lupi (HD 133955,B3V), asecurememberof UCL, is aknown physicalpair, with abrighterA component(V = 4.43)
anda fainterB component(V = 5.23).Theperiodof theorbit is 72.36yearsandthemeanseparationis 0.265arcsec(Nitschelm
2003).HD 133955wasclearly identi®edasa radialvelocity variableby Buscombe& Morris (1960),usingobservationsmade
in June1955andApril 1956.In the Sixth Catalogof Orbits of Visual Binary Stars(Hartkopf et al. 2001),the starλ Lupi is
describedasA or B beingºprobablya spectroscopicsubsystem,asthe RV of the combinedlight shows a rangeof 50 km/sº.
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Fig. 3. The Mg II 4481.2 Å line in the spectra of π Lupi with HERCULES

Brown & Verschueren(1997),usingtwo ECHELECspectra(resolvingpower 21500)derivedv sin i = 135km/s.No indication
of line-doublingis seenin thesespectra,but a di� erenceof 14.5km/s in line positionwasmeasured.

Ourobservations,madefour timesduringaperiodof six days,thenonemoretwo monthafter, detectthedouble-linednature
of oneof the componentsof the system(seeFig. 4). The relatively fastswitchingof the line componentsindicatesan orbital
periodshorterthanoneweek.Themassratio canberoughlyestimatedto 0.7 for this SB2.Thetwo componentsof theSB2are
slow rotators.Thesubsistingdepressionbetweenthelineswhenthey arewell-separatedsuggeststhepresenceof a third, much
broaderMg II line. This could be the Mg II line of the spectrumof the othercomponentof the visible pair, which is alsoan
early-typestar. In thiscase,thiscomponentwouldbea fastrotator.

3.5. k Lupi = HD 137058

The stark Lupi (HD 137058,V = 4.70,A0IVn) is the A componentof a very wide optical multiple system,whereall other
componentsarevery faint andclearlybackgroundstars.A suspicionof physicalmultiplicity is comingfrom HipparcosDouble
andMultiple SystemsAnnex (DMSA, seePerryman1997),with astochasticsolution.HD 137058is a fastrotator, with v sin i =
268km/s,accordingto Brown & Verschueren(1997).

Thestark Lupi wasobservedthreetimesin Julyandonetimetwo monthsafter. TheMg II line at4481.2Å showsavariable
feature(onenarrow componentinsidea very broadline) which is possiblydueto a SB2character(seeFig. 5). If theprimary
componentof thispossibledouble-linedspectroscopicbinaryis thefastrotator, thenthecontrastin line strengthsuggestsamass
ratioverydi� erentfrom unity.

It wasrejectedby deZeeuwet al. (1999)asa possiblememberof UCL, dueto its quiteimportantdiscrepancy in transverse
velocity (seeFig. 6). Evenwith a higherlevel of multiplicity andits parallaxvaluewhichput it directly insideUCL, it seemsto
bedi� cult to assertit couldreallybeamember.
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Fig. 4. The Mg II 4481.2 Å line in the spectra of λ Lupi with HERCULES

4. Conclusion

Theresultspresentedherearea ®rst contribution of a deepstudyof the duplicity in the Sco-CenComplex, which is far from
complete.A realisticstatisticalstudyof thebinaryparameters,especiallyon faintmembers,will needanextensivee� ort. In the
nearfuture,we will completethereductionof all spectraobtainedin 2003andobtainnew dataduringour next run at La Silla
Observatory, with FEROSat the2.2-mtelescope(four nightsin March2004).

Two systems,known asdouble-linedspectroscopicbinariesaswell aseclipsingbinaries,arealreadybeingstudiedin more
detail,η Muscae= HD 114911(Hensbergeetal. 2003a)andV883Cen= HD 123335(Hensbergeetal. 2003b).

Nevertheless,an e� ort is now neededon thestudyof the ®ve systemsdescribedin this poster. More high-resolutionspec-
troscopicobservationsareessentialfor thedeterminationof massratios,periodsandorbital parametersof thesecureSB2HD
90264,HD 119727andλ Lupi. Thecomplex systemof π Lupi appearsto needspectraldisentangling®rst. HD 137058would
alsoneeda moredetailedstudyona searchof a period,if any.
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Fig. 5. The Mg II 4481.2 Å line in the spectra of k Lupi with HERCULES
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Fig. 6. Discrepancy in transverse velocity for the star k Lupi
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