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Abstract. We presentanddiscussnew determination®f metallicity, rotation,age,kinematics,and Galacticorbits for a com-
plete,magnitude-limitedandkinematicallyunbiasedsampleof 16682nearbyF andG dwarf stars.Our ~63000new, accurate
radial-velocity obserationsfor nearly 13500 starsallow identificationof mostof the binary starsin the sampleand,together
with publisheduvbys photometryHipparcosparallaes, Tycho-2propermotions,anda few earlierradial velocities,complete
the kinematicinformationfor 14139 stars.Thesehigh-quality velocity dataare supplementedby effective temperaturesind
metallicitiesnewnly derivedfrom recentandor revisedcalibrationsTheremainingstarseitherlack Hipparcosdataor have fast
rotation.

A major effort hasbeendevotedto the determinatiorof new isochroneagesfor all starsfor which this is possible Particular
attentionhasbeengivento a realistictreatmenf statisticalbiasesanderror estimatesasstandardechniquegendto under
estimatetheseeffectsandintroducespuriousfeaturesin the agedistributions. Our agesagreewell with thoseby Edvardsson
etal. (1993, despiteseveral astrophysicahndcomputationalmprovementssincethen.We demonstratehowever, how strong
obsenrational andtheoreticalbiasescausethe distribution of the observedagesto be very differentfrom that of the true age
distribution of thesample.

Among the mary basicrelationsof the Galacticdisk that canbe reinvestigatedrom the datapresentedhere,we revisit the
metallicity distribution of the G dwarfs andthe age-metallicity age-\elocity, and metallicity-velocity relationsof the Solar
neighbourhoodOurfirst resultsconfirmthelack of metal-pooiG dwarfsrelative to closed-boxmodelpredictiongthe“G dwarf
problem”), the existenceof radial metallicity gradientsn the disk, the smallchangen meanmetallicity of thethin disk since
its formationandthe substantiakcatterin metallicity at all ages,andthe continuingkinematicheatingof the thin disk with an
efficieng/ consistenwith thatexpectedfor a combinationof spiral armsand giant molecularclouds.Distinct featuresin the
distribution of theVV componenbf thespacemotionareextendedn ageandmetallicity, correspondingo the effectsof stochas-
tic spiralwavesratherthanclassicalmoving groups,andmay complicatethe identificationof thick-disk starsfrom kinematic
criteria. More advancedanalyseof this rich materialwill requirecarefulsimulationsof the selectioncriteria for the sample
andthedistribution of obserationalerrors.

Key words. Galaxy: disk — Galaxy: solar neighbourhood- Galaxy: stellar content— Galaxy: kinematicsand dynamics—
Galaxy:evolution— starsfundamentaparameters

1. Background and motiv ation

sﬁqn::?zpnnt.rtetqléestso: Bl; Nccnlfsmm’ The Solarneighbourhoods the benchmarkestfor modelsof

nall-brrgittatastro.ku. . . the Galacticdisk: the starsin a samplevolumearoundthe Sun

Basedon obserations madewith the Danish 1.5-m telescope - . . . .

at ESO, La Silla, Chile, and with the Swiss 1-m telescopeat provide afirst estimateof the massdensityof the Galacticdisk
Obseratoirede Haute-Preoence France. neartheplane.Their distributionin ageis our recordof thestar
** CompleteTablesl and2 areonly availablein electronicform at ~ formationhistoryof thedisk. Their overallanddetailedheavy-
the CDSvia anorymousftp to elementabundancesas functionsof ageare the fossil record
cdsarc.u-strasb.fr (130.79.128.5) orvia of the chemicalevolution and enrichmenthistory of the disk.

http://cdsweb.u-strasb. fr/cgi-bin/qcat?]/A+A/vol/page Finally, the spacemotionsand Galacticorbits of the starsas
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functionsof ageare our cluesto the parallel dynamicalevo-
lution of the Galaxyandthe degreeof mixing of stellarpop-
ulationsfrom differentregionsof the disk (see,e.g.therecent
review by Freemar& Bland-Havthorn2002.

Providing the basicdatafor the starsof the Solar neigh-
bourhood- ages,metallicities,velocities,and Galacticorbits
— may seemthe simplestobsenational task of all. Yet, the
identification of the neareststarsand the data neededfor a
propercharacterisationf their main astrophysicaparameters
remainseriouslyincomplete Moreover, starshave often been
selectedor obsenationfrom criteriawhichinducecorrelations
betweertheobsenedparameterthatreflectthecharacteristics
of theselectiorprocessnorestronglythanthoseof the Galaxy
Intrinsic parametersuchasthefrequeng, age, andmetallicity
of groupsof starsareintertwinedwith sucheasily obsenable
propertiesas brightnesscolours,and propermotionsin ways
that canmalke it difficult or impossibleto retrieve the former
from thelatter Kinematicselectiorbiasesareparticularlyper
niciousin this regard.

F- and G-typedwarf starsarefavourite tracerpopulations
of the history of the disk. They are relatively numerousand
sufficiently long-lived to survive from the formation of the
disk; their corvective atmosphereseflect their initial chem-
ical composition;and agescan be estimatedfor at leastthe
moreevolved starsby comparisorwith stellarevolution mod-
els. Photometryin the Strtomgrenuvby3 systemis an effi-
cient meansto derive their intrinsic propertiesfrom obsena-
tion (Stromgren1963 1987). Recentstudiesbasedmainly on
uvby3 photometryare, e.g. Feltzing et al. (2001), Holmbeg
(2001), and Jggensen(2000, while more detailed spectro-
scopic studies of the chemical history of selectedsubsets
of starshave beenmadeby, e.g. Edvardssonet al. (1993,
Fuhrmann (1998, Reddy et al. (2003, and Bensby et al.
(2003.

Extensve uvby3 photometric surweys of the nearby F
andG starshave beenperformedby Olsen(1983 1993 1994a
1994h. Accurateparallaxesandpropermotionshave become
availablefor large numbersof thesestarsfrom the Hipparcos
(ESA 1997 and Tycho-2 (Hag et al. 2000 cataloguesThe
bottleneckso far has beenthe correspondingadial-\elocity
data.Theseareneededfirst, to completethethree-dimensional
spacemotionsfor all the starsandimprove the statisticalac-
curag of the derived age-elocity relations.They also sene
to identify thosestarswhich just happento passnearthe Sun
at presentput wereformedelsavhereandhave witnessedan-
otherevolutionaryhistorythanthatof the Solarcircle. Finally,
and perhapsmost importantly repeatedradial-velocity mea-
surementsllow identificationof the large fraction of starsin
the photometricsamplesvhich arebinaries,andfor which the
derived astrophysicabnd kinematicaldatawill be inaccurate
andpotentiallymisleading.

Thekey contributionof this paperconsistof new, accurate,
radialvelocitiesfor anall-sky, magnitude-limitecandkinemat-
ically unbiasedsampleof ~13500nearbyF andG stars based
on ~63000individual photoelectrimbsenations.Becausehis
datasetis unlikely to be supersedeih essentiafrespectaintil
the resultsof the GAIA mission(Perrymaret al. 2001) andor
the RAVE project(Steinmet2003 becomeavailable,we have

Table 1. Table1 will only beavailablein electronicform atthe CDS.
Thetwo first pagesf thetable, listing thefirst 100 stars,aregivenat
theendof this paperassampleof its contentandformat.

also recalibratedand redeterminedhe astrophysicaparame-
ters (Tex, M,, and[Fe/H]) for all starsin our sample.Much

effort hasbeendevotedto the fundamentalssueof determin-
ing reliableisochroneagesfor asmary starsas possible,and
we believe thata rathermorerealisticassessmenmf the errors
of suchageshasbeenobtained Finally, we have computedn-

dividual Galacticorbitsfor all starswith adequatelata.

Theresultingdatasetshouldplacea wide rangeof studies
of theevolution of the Galacticdisk onanew andconsiderably
improvedfooting. We caution,however, that no suchthing as
afully unbiasedsampleexistsin Galacticastronomyandthe
readeris strongly urgedto carefully study Sect.5, wherewe
discusghekey issueof completenesef the data,especiallyas
regardsthe derived agesand massesThe cataloguewith the
completedatasetfor 16682 starswill be available electroni-
cally (samplepagesareshavn in Tablel).

The complementaritybetweenthe presentstudy and the
much-quotedgpaperby Edvardssoret al. (1993 deseresclar
ification. The 189 starsstudiedby Edvardssonet al. (1993
weredrawn from the kinematicallyunbiasedsamplepresented
here, selectingequal numbersof starsin 10 metallicity bins
throughthe rangeof [Fe/H] seenin the (thin andthick) disk.
EvolvedF dwarfswereselectedexcludingknown binariesand
fast-rotatingstars,so that interstellarreddeningandisochrone
agescouldbedeterminedThus,unevolvedstarswereavoided,
youngmetal-poorandold metal-richstarswereexcludeda pri-
ori by the colour cutaofs used,and the samplewas strongly
biasedin favour of metal-poorstars. The samplediscussed
here was explicitly designedto alleviate theseselectionbi-
asesandfurtherbenefitsfrom the adventof the Hipparcosand
Tycho-2databut, for obviousreasonslacksthe detailed,pre-
cise,andhomogeneouspectroscop that wasthe centrepiece
of thestudyby Edvardssoretal. (1993.

The presentpaperis organisedasfollows: Sect.2 clarifies
the selectioncriteriausedto definethe sampleandSect.3 de-
scribesthe new radial velocitiesand otherbasicobsenational
materialavailable for the stars.Section4 explainsthe (partly
new) calibrationsand analysismethodswe have usedto de-
rive reliable astrophysicaparametergrom the raw data,and
Sect.5 discusseghe completenesand variousbiasesin the
resultingparametesets We briefly rediscussomeof the clas-
sicaldiagnosticdiagramsn Sect.6 andfinally summariseour
conclusionandsomeof the prospectgor thefuturein Sect.7.

2. Sample definition

From the outset,it was clearthat the definitive selectionand
characterisationf the nearbyF andG dwarfs shouldbe made
from a comprehensie photometricsurey in the Strtomgren
uvby3 systemBut in orderto undertale sucha surwey, anob-
servinglist is needed.Thus, the first stepin the projectwas
to establishan apparent-magnitudiémited, kinematicallyun-
biasedall-sky sampleof starswithin whichthe F andG dwarfs
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would also be volume-completeto a suficiently large dis-
tance(~40pc).

For this, we chosethe HD catalogugCannon& Pickering
1918-23, the only all-sky spectralcataloguethen available.
All A5-GO starsbrighterthanm,;s = 8.3, GO starsin theinter
val 8.30 < my;s < 8.40,andall G5 or just G stars(no subtypes)
brighterthan m,;s = 8.6 were selected On the one hand,the
A5 spectral-typdimit is early enoughto include even quite
metal-poorF stars,ontheotherhand,mostKO-typestarsin the
HD cataloguearegiant starsfor which luminosities distances,
tangentialvelocities,andagescannotbereliably determined.

It wasdesirableto alsoincludeary old, metal-richdwarfs
andthusimprove the obsenationalbasisfor areassessmenf
the “G-dwarf problem”.However, observingthe vastnumbers
of HD K-type giantsis aninefficientway to identify suchstars.
We thereforeaddedall 1277GO0V-K2V starssouthof 6 = —26°
fromtheMichiganSpectralCatalogue¢Houk & Cowley 1975
Houk 1978 1982 that were previously unobsered, but es-
timated from the spectraltypes and mp, to be within a dis-
tanceof 50 pc, with generousallowancefor the uncertainties.
This sampleshould be completeto aboutthe samedistance
limit (40 pc) astherestof the G-dwarf sample put coversonly
part(28%)of theentiresky.

The vastmajority of all thesestars(~30000in total) were
thenobsenedin the uvby3 photometricsuneys describecbe-
low, andthe samplefor theradial-velocity programmevasde-
fined from the measuredphotometricindices. Subsequently
the Hipparcosand Tycho-2 catalogue$ave provided accurate
parallaxesandpropermotionsfor nearlyall the starsfor which
radial velocitieshadbeenmeasured.

2.1. Initial photometric survey

From the observing lists assembledas described above,
nearly all starswere obsened at leastoncein the Stromgren
uvby3 systemby Olsen (1983 1993 1994ab). The resulting
cataloguesvere memgedwith previous sourcesof uvby3 pho-
tometry(Stromgren& Perry1965 Crawford etal. 1966 197Q
1971ab, 1972 1973 Grgnbech& Olsen1976 1977 Olsen
& Perry1984). The combinedFG photometriccataloguethus
constructectontainsa total of 30465stars.

This all-sky sampleis completeto the magnitudelimits
describedabove and should be volume completefor the F
andG dwarfsto adistanceof ~40pc.In thesoutherrcapwhere
modernMK spectraltypesare available,the GOV-K2V stars
within the samedistancearealsoincluded.Thishomogeneous,
complete andkinematicallyunbiasedlatabasavasusedto se-
lect starsfor the radial-velocity programmeusingthe criteria
describedbelow.

2.2. Sample definition for the catalogue

The sampleof starsfor which radial velocitieshave beenob-
tainedwas definedfrom the completeFG catalogue Slightly
generoudimits in photometryspacehave beenadoptedto al-
low aselectionof FG dwarf starshasedn physicalcriterialike
masstemperaturemetallicity, etc.

a

Fig. 1. Distribution onthe sky of the 16682 programmestars.Top: the
14139 starswith radial velocity data(notethe overdensityof starsin

the Hyadesclusterand southof 6§ = —26°). Bottom the 2543 stars
with noradialvelocity.

The following four sampleswere selected,memged, and
cleanedf duplicateentries:

1. all starsfor which the F-star calibrationsof Crawford
(1975)andOlsen(1988)arevalid;

2. all starswith nog valueand0.240< b—y < 0.460,[my] >
0.120,6¢; < 0.400,andV < 9.600;

3. all starswith 0.205 < b — y < 0.240,[my] > 0.120,6¢; <
0.400,andV < 9.600;

4, all starsfor which the G- andK-star calibrationsof Olsen

(1984)arevalid.

Criterion 3 ensureghat no metal poor F-starswill be lost on
thehot sideof the F-typestars.Both criterion 2 and3 compen-
satefor somemissings obsenations.Criterial and4 andthe
V-limit 9.6 ensurethata numberof fainter starsobsered for
calibrationpurposesarealsoincluded.After removal of a few
known supegiantsandotherirrelevantobjectsthelist contains
atotal of 16682 objects.

The distribution of thefull sampleof 16682 starsover the
sky is shavnin Fig. 1, in equatoriakoordinatesandin anequi-
areaprojection.Note the concentratiorof starsin the Hyades
— obsenredwith specialcarefor calibrationpurposes- andthe
addition of the latest-typedwarfs southof § = —26°. Apart
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from thesefeaturesthe sampleis very uniformly distributed
onthesky.

3. Observational data

For referencewe summarisein the following the basic ob-
senational dataunderlyingthe astrophysicabnd kinematical
parameterslerived for the programmestars.Our new radial-
velocity obsenationsaredescribedn detail;for otherdata,the
relevantsourcesaregiven.

3.1. Strémgren uvbyB photometry

The memed catalogueof uvby3 photometryfrom which our
programmestars were selectedwas briefly describedabore
(Sect.2.2); much additional explanationand extensie notes
are given in the original catalogues(Olsen 1983 1993
19944ab). With time, the 8 obsenationswere extendedto in-
cludeall starswith ab — y valueindicatingthatg might be a
usefulreddening-freeemperatureéndicator, exceptthats ob-
senationsfor asmallfractionof thenorthernsky arestill pend-
ing. The distribution of the samplein b — y colouris shavn
in Fig. 2.

3.2. Radial velocities

Whenthe first phaseof this projectwasinitiated, not eventhe
Bright Star Catalog(Hoffleit & Jaschekl982 had complete
radial-\elocity coverage Of the ~1500missingsouthernstars
in that cataloguethe early-typehalf were obsened with con-
ventional spectrographicechniquegAndersen& Nordstibm
1983ab; Nordstibim & Andersernl985, thelate-typehalf with
CORAVEL (Anderseretal. 1985 seealsoSect.3.2.1).

For thefainterstars new obsenationswereobtainedasde-
tailed below — altogetheya total of 62993 new radial-velocity
obsenationsof 13464 programmestars.Adding earlierlitera-
ture data,completekinematicalinformationis availablefor a
total of 14139stars.

3.2.1. CORAVEL observations

The bulk of the radial-\elocity data presentechere was ob-
tainedwith the photoelectriccross-correlatiorspectrometers
CORAVEL (Baranneet al. 1979 Mayor 1985. Operatedat
the Swiss1-m telescopeat Obsenatoire de Haute-Proence,
Franceandthe Danish1l.5-mtelescopeat ESO,La Silla, the
two CORAVELSs cover the entiresky betweenthem,andtheir
fixed, late-type cross-correlatiortemplate spectraefficiently
matchthe spectranf thelarge majority of our programmestars.

Initially, specificobservingprogrammeswere targetedto
primarily cover the thick-disk starswhich wereassumedo be
very old, and the evolved thin-disk starsfor which agescan
be determinedWhena separat@rogrammeto obsere all the
late-typesouthernstarsof the Hipparcossurwey wasinitiated
(Udry et al. 1997, mostof the remainingsouthernunevolved
F starswere includedas well. Subsequentlya good fraction
of the northernhalf of the starshasbeenalso obseredin a
separat&sene/a programmedn the Hipparcosstars.

In all programmestwo or more obsenationswere made
for almostall starsover a substantiatime base.This allows
to define more reliable meanvelocities, but also to identify
most of the spectroscopidiinaries which, if unrecognised,
yield misleadingastrophysicaparametergrom the obsenred
magnitudesand colour indices. Betweenthe two telescopes,
a total of 60476 CORAVEL obsenations have been made
of 12941 of theprogrammestarsdiscussedh thispapersome
1000nights’ worth of data.

The cataloguepresentedherecontainsthe meanradial ve-
locity for eachstartogetherwith the summarydataon the ob-
senationsasdescribedn the Appendix.Our computationof
theobsenationalerrors criterionfor detectingvariable(i.e. bi-
nary) stars,andour treatmenbf double-linedbinariesaredis-
cussedn Sect.3.2.4below.

Many starson the main programmeare primariesof close
doublestars CORAVEL obsenationsweremadeof thefainter
companiongo mary of thesestarsin orderto ascertairwhether
they are physicallyboundor merely optical pairs. Thesedata
will bemadeavailableseparatelyandarenot discussedurther
here.

3.2.2. CfA observations

The fixed-resolutionCORAVEL maskis optimisedfor sharp-
lined spectra,and the cross-correlationprofile rapidly be-
comestoo broadandshallav to yield accurateadialvelocities
for starsrotatingfasterthan40-50km s, asis the casefor a
largefractionof starswith 0.20< b -y < 0.27.

In order to recoser as mary as possible of the early
F starsof thesample severalhundredstarsrotatingtoo rapidly
for CORAVEL were obsened with the digital spectrome-
ters (Latham 1985 of the Harvard-SmithsoniarCenter for
Astrophysics(CfA). Theseinstrumentsyield accurateresults
for single starswith rotationalvelocitiesup to ~120 km st
(Nordstiom et al. 1994 and also perform well on double-
lined spectrawith two-dimensionalcross-correlationtech-
nigues(Lathametal. 1996.
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Fig. 3. Distribution of the meanerrorsof the meanradial velocitiesin
the catalogu&top), andthetime spancoveredfor eachstar(bottor).

CfA radial velocities for 595 stars were published by
Nordstibm et al. (1997 and have beenusedin the present
cataloguevhenCORAVEL dataweremissingor lessaccurate
(2517 obsenationsof 523 stars).Rapidly rotating starssouth
of declination—-40° cannotbe reachedy the CfA instruments
andthushave no new radial-welocity data.

3.2.3. Literature data

When this programmewas initiated, radial-velocity data ex-
isted in the literature essentiallyonly for starsin the Bright
Star Catalog.As the earlier datawere mostly of reasonably
good quality, thesebright starshave generallynot beenreob-
sened. Literaturedatafor atotal of 675 suchstarsandothers
not coveredby the new programmesave beentaken, asfar

Table 2. Table2 containsthe massratiosdeterminedor 511 double-
lined binary systemsit will beavailableasfor Tablel.

aspossible from the compilationof BarbierBrossat& Figon
(2000),andbring thetotal numberof starswith radialvelocity
datato 14139.

3.2.4. Variability criterion and binary detection

Eachradial-welocity obsenationis associateavith aninternal
error estimate ¢, while an external error estimateis provided
by the standarddeviation, o, of repeatedbsenationsat dif-
ferentepochs From theseandthe numberof obsenations,n,
theprobability P(y?) thatthe obsenedscattelis dueto measur
ing errorsalonemaybecomputedasdescribedn greaterdetail
by Andersen& Nordstdm (1983h. P(y?) < 0.01 is adopted
asour criterionfor certainvelocity variability — mostly dueto
binary orbital motion—for boththe CORAVEL andCfA data.

Normally, the meanerror of the meanradial velocity is
computedasco * n~Y/2, However, if fortuitousgoodagreement
betweena few obsenationsresultsin o < ¢, thene « n™¥2 is
giveninsteadasa morerealisticestimateof the meanerror of
theaveragevelocity.

Occasionally a double correlation peak may identify a
spectroscopidinary from just a single obsenation, but nor-
mally two or more obsenationsare available. In suchcases,
thecentre-of-masselocityandthemasgatio of adouble-lined
binarymaybe computedy themethodof Wilson (1941) with-
out a full orbital solution,if the velocitiescanbe properlyas-
signedto the two componentsFor the 510 systemdor which
this hasbeenpossiblethe systemicvelocity is giveninsteadof
theraw averageof theobsenations,andthemassratiois given
in Table2 (electronicform only). The binary populationof the
sampleis furtherdiscussedn Sect.5.1.

Figure 3 shaws the distribution of the meanerrorsof the
meanradial velocitiesin the sample (upper panel), and of
the time spancoveredby the obsenationsof eachstar (lower
panel).As will beseenthe meanerrorof ameanradialveloc-
ity is typically ~0.25km st andonly rarelyexceedsl km s™1.
The obsenationstypically cover atime spanof 1-3 years,but
occasionallyextendover morethana decade.

3.3. Rotational velocities

For starswith significant rotation, the width of the cross-
correlationprofileis agoodindicatorof vsini. For thestarswith
CORAVEL obsenations,vsini has beencomputedusing the
calibrationsof Benz& Mayor (1980 1984). For theCfA obser
vations theusini of thebest-fittingtemplatespectrurris agood
measur@f therotationof theprogrammestar(Nordstometal.
1994 19971h).

For the slowest rotators, more elaborateproceduresare
neededto derive very accuraterotational velocities; for the
fastestrotators, the shallav cross-correlationprofiles yield
resultsof low accurag. Accordingly, vsini as derived from
the obsenrations are only given to the nearestkm s, and
from 30km s~! andupwardsonly to thenearest or 10km s,
As seenin Fig. 4, the greatmajority of the programmestars
have rotationsbelov 20km s,
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Fig. 4. Distribution of rotationalvelocitiesin the sample.

3.4. Parallaxes

Good distancesare crucial in orderto computeaccurateab-
solute magnitudes,space motions, and parametersderived
from them. Trigonometricparallaxes, generallyof very good
accurag, are available from Hipparcosfor the majority of
our relatively nearbyprogrammestars(ESA 1997). Figure 5
shaows the distribution of the parallaes () and their rela-
tive errors(o,/m); mostare betterthan 10%, nearlyall better
than20%. Thecomputatiorof distancedor all our starsis dis-
cussedn Sect.4.4.

3.5. Proper motions

Accuratepropermotionsareavailablefor the vastmajority of
the starsfrom the Tycho-2 catalogue(Hgg et al. 2000. This
cataloguds constructedby combiningthe Tycho starmapper
measurementsf the Hipparcossatellitewith the Astrographic
Cataloguebasedon measurementms the Cartedu Ciel and
otherground-basedataloguesBYy this procedurehe baseline
for determiningpropermotionsis extendedup to nearlya cen-
tury, againstonly 3.5yearsfor the Hipparcosmissionitself.
For a few stars,mostly very bright starsor close bina-
ries without a Tycho-2 propermotion, a Hipparcosor Tycho
measuremenhas beenusedinstead.The typical meanerror
in the total propermotion vectoris 1.8 milliarcsegyear cor-
respondingto a meanpropagatecerror in the spacevelocity
of 0.7 km s™* from the propermotionsalone(i.e., neglecting
parallaxandradial-\elocity errors).

4. Derived astrophysical parameter s

In orderfor the stellardatato be usefulin discussinghe evo-
lutionary history of the Solarneighbourhooda numberof as-
trophysicallyinterestingparametersnustbe derived from the
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Fig.5. Distribution of Hipparcosparallaxes(top) andtheir relative er-
rors (botton) for thewhole sample.

raw obsenationaldata.ln mostcasescalibrationsof thephoto-
metricindicesin termsof intrinsic parameterarefoundin the
literature,exceptasnotedbelow. We discusseachcalibration
in turnin thefollowing.

4.1. Interstellar reddening

E(b — y) canbecomputedor F starswith 8 obsenationsfrom
theintrinsic colourcalibrationby Olsen(1988). It hasbeenap-
plied in the photometrictemperatureand distancedetermina-
tionsif E(b - y) > 0.02 andthe distances above 40 pc; oth-
erwisethe starsareassumedo beunreddenedViost starswith
no valueof E(b — y) arelate-typedwarfs within 40 pc, which
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will have nggligible reddeninganyway. As seenin Fig. 6, very
few of thestarshave E(b—y) > 0.05mag.We notethatE(b-y)
may be overestimatedor the hottest,brightest,and mostdis-
tantearly F stars(Burstein2003.

4.2. Effective temperatures

Effective temperaturesor all the programmestarshave been
determinedrom thereddening-correcteld — y, ¢, andmy in-
dicesandthecalibrationof Alonsoetal. (1996 whichis based
on the infrared flux method.The resultingtemperaturefiave
beencomparedo the determination®y Barklemetal. (2002,
basednafit to theBalmerline wingsusingthelatestbroaden-
ing theory The agreemenis excellent,with a meandifference
of only 3 K anda dispersiorof 94 K. We have alsocompared
our resultsto the spectroscopi@xcitation temperaturesleter
minedby Bensbyet al. (2003 for 63 of our starsthelatterare
onaverage93 K higherthanours,with a dispersioraroundthe
meanof only 57 K. The distribution of the effective tempera-
turesin thesampleis shovnin Fig. 7.

4.3. Metal abundances

Theaccurataleterminatiorof metallicitiesfor F andG starsis
oneof thestrength®of the Strtomgrenuvby3 system Amongthe
availablecalibrationswe have usedthatby Schuste®& Nissen
(1989 for the majority of the stars.In our sample ~600 stars
arecoveredby boththe F andG starcalibrationsof Schuste&
Nissen(1989, andthemeandifferencen [Fe/H] is 0.06with a
dispersioraroundthe meanof only 0.07.We have furthercom-
paredthesephotometricmetallicities with the homogeneous
spectroscopicvaluesfor F and G starsby Edvardssoret al.
(1993 andChenetal. (2000. Theagreemenis excellent,with
meandifferencesof only 0.02 and 0.00 dex and dispersions

1000

Number of stars

Fig. 7. Distribution of the samplein Teg.

aroundthemeanof 0.08and0.11,respectiely. A furthercom-
parisonwith the compilationby Taylor (2003 shavs a mean
differenceof only 0.01dex, but alargerdispersiorof 0.12dex,

as expectedfor a compilationfrom mary sourcesof varying
quality.

Within the range of validity of the Schuster& Nissen
(1989 calibration,we thusfind the photometricmetallicities
to have no significantzero-pointoffsetand remarkablysmall
dispersionwhen comparedo high-quality spectroscopival-
ues.However, as pointedout mostrecentlyby Twarog et al.
(2002, the Schuste& Nissen(1989 calibrationseemdo give
substantiasystemati@rrorsin themetallicity computedor the
very reddestG andK dwarfs (b — y > 0.46), wherevery few
spectroscopicalibratorswere available at that time. Because
our samplecontainsan appreciablenumberof suchred stars
andmorespectroscopimetallicitiesin thisrangehave become
available,we decidedto derive an improved metallicity cali-
brationfor thesestars,asfollows:

Fromthe high-resolutiorspectroscopistudiesof Flynn &
Morell (1997, Tomkin & Lambert(1999, Thorén& Feltzing
(2000, andSantosetal. (2001), we have extractedmetallicities
for 72 dwarf starsin the colourrange0.44 < b —y < 0.59
and performeda new fit of the uvby indicesto thesevalues,
usingthe sametermsasthe Schuste& Nissen(1989 G-star
calibration.Theresultingcalibrationequationis:

[Fe/H] = —2.06+ 24.56m — 31.61m? — 53.64my(b — )
+7350M%(b - y)+|26.34m, - 0.46¢, ~ 17.76M% | c;.

Thefit of the photometricmetallicitiesfrom this calibrationto
thespectroscopiceferencevaluesis shovn in Fig. 8 (opencir-
cles. Thedispersioraroundthe (zero)meanis 0.12dex.
Spectroscopi@abundancedor suchcool dwarfsremainaf-
fectedby bothobsenationalandtheoreticaluncertaintiegsee,
e.g.Thorén& Feltzing2000. However, thedeterminationse-
lectedhereseento representhecurrentstateof theart,andwe
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Fig.8. Comparison between our final photometric metallici-
ties ((Me/H]) and the spectroscopiq[Fe/H]) valuesusedto estab-
lish the calibrations Opencirclesdenotethe cool (GK) stars,dotsthe
hot (F) stars(seetext).

have usedour new calibrationto computephotometricmetal-
licities for the ~1500 starsin our samplewith b — y > 0.46.
For the ~600starsin theinterval 0.44 < b — y < 0.46,the new
calibrationagreeswith thatby the Schuste®& Nissen(1989 to
within 0.00dex in themean with adispersiorof 0.12dex.

About 2400 of our starswith high temperaturesind low
gravities are outside the range covered by the Schuster&
Nissen(1989 calibration.For thesestarswe have adoptedhe
calibrationof g andmy by Edvardssoretal. (1993, whenvalid.
For the starsin common,the two calibrationsagreevery well
(meandifferenceof 0.00dex, dispersiononly 0.05). For stars
outsidethe limits of both calibrationswe have derived a nen
relation, using the sametermsas Schuster& Nissen (1989
for F stars.In additionto theabove new spectroscopisources,
we usedBurkhart & Coupry (199, Glaspg et al. (1999
and Taylor (2003 to extend the coveragein b — y, my, ¢,
and[Fe/H]. From342starsin theranges0.18 < b -y < 0.38,
0.07<m <0.26,0.21 < ¢; < 0.86and-1.5 < [Fe/H] < 0.8,
we derive thefollowing calibrationequation:

[Fe/H] = 9.60- 61.16m; + 81.25my(b — )
+224.65mi(b — y) — 15318my(b - y)?
+[12.23—-90.23m; + 38.70(b — y)] log(my — ¢3),

wherecs = 0.45—- 3.98(b — y) + 5.08(b — y)?.

The fit of thesephotometricmetallicitiesto the spectro-
scopicvaluesis shavn in Fig. 8 (dot9; the dispersionaround
therelationis 0.10dex. For the starsin common thenew cali-
brationandthatby Schuste& Nissen(1989 againagreevery
well (meandifference0.02 dex, dispersiononly 0.04). More
detailonthe new calibrationis givenby Holmbeig (2004).
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Fig. 9. Distribution of metallicities for the whole sample(full his-
togram).For comparisonthe dottedcurve shavs a Gaussiardistri-
bution with meanof -0.14 and dispersionof 0.19dex, covering the
sameareaasthehistogram.

Thedistribution of the photometriametallicitiesdervedas
describedabore is shavn in Fig. 9. A Gaussiarcurve (with a
meanof —0.14 anda dispersionof 0.19dex) hasbeenplotted
to highlight the tail of metal-poorstarsin therealdistribution.
This metallicity distribution for F- andG-typedwarfsis almost
identicalto theonefoundfor K-type giantsby Girardi& Salaris
(2001),with ameanof —0.12 anda dispersiorof 0.18dex.

4.4. Distances and absolute magnitudes

Most of our programmestarsarenearbyandhave trigonomet-
ric parallavesof excellentquality from HipparcogseeSect.3.4
andFig. 5). We have thereforechosento first determinedis-
tancesfor our starshasedon the Hipparcosparallaxes, either
directly or indirectly. The distancesare usedto computetan-
gential spacemotion componentsrom the proper motions,
andabsolutemagnitudesisedin thedeterminatiorof agesand
masses.

Whenthe Hipparcosparallaxis either unavailableor less
accuratea photometricparallaxis used.We have adoptedhe
distancecalibrationsfor F and G dwarfs by Crawford (1975
and Olsen (1984); if both are valid for the samestar the
F star calibrationis preferred(Note that this calibrationre-
quiresa g value).We have checled the photometricdistances
againstthe subsetf Hipparcosparallaxeswith relative errors
belon 3% (Fig. 10). Thetrigonometricand (distanceindepen-
dent) photometricparallaxesagreevery well, with no signifi-
cantcolourdependenbias:the photometricdistanceshave an
uncertaintyof only 13%.

Accordingly, the Hipparcosdistancéds adoptedf the paral-
lax is accurateo 13%or better;otherwisewe adoptthe photo-
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guencestarswith parallaxerrorsbelov 3%. Top: F dwarfs; bottom
G dwarfs.

metricdistanceHowever, thephotometriaistancecalibrations
are not valid for binaries, giants,and mary kinds of pecu-
liar stars.Such starsreveal themseles by large discrepan-
cies betweenthe trigonometricand photometricdistancees-
timates.The (few) starswith photometricdistancedeviating
morethan 3o from the Hipparcosdistancesareflaggedin the
catalogueas suspectedinariesor giants,andno photometric
distancds givenif theHipparcogarallaxis tooinaccuratesa
distanceandicatoronits own (235stars).Similarly, no distance
is givenfor starswhich lack the necessaryphotometry(typi-
cally the g index) andor reliable Hipparcosparallaxesor fall
outsidethe photometriccalibrations(1214 stars).Thesestars

Fig.11. My (top) andéMy (botton) vs.log Ter for our samplewhich
by designconsistof F andG dwarf stars.

are all quite distantand of maminal relevanceto the overall
sample.

From the adopteddistancesand the obsened V magni-
tudeswe have computedthe absolutemagnitudesgivenin the
catalogue correctingfor interstellarextinction when known.
Moreover, a §My index hasbeencalculatedasthe magnitude
differencebetweenthe star and the theoreticalZAMS at the
samecolour and metallicity, as an indicator of the degree of
evolution of eachstar Figure11 shows the distribution of My
andsMy valuesfor the sample.
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4.5. Ages

Individual stellaragesarecrucialin orderto placetheobsened
chemicaland kinematicalpropertiesof the starsin an evolu-
tionary context. Becausef theirimportancewe have devoted
a greatdealof effort to finding the mostreliableway to deter
mine agesfor the starsin our sampleandassessingheir indi-
vidual andsystematierrors.

We start by noting that obsenable diagnosticsof stellar
agesare basically: (i) chromosphericactiity, and (ii) evo-
lution away from the ZAMS in the HR diagram.Both have
strengthsand limitations, as discussedecentlyby Lachaume
etal. (1999 andFeltzingetal. (2000).

Chromospheriagedeterminationgely on the decline of
stellar actvity with time (see Soderblomet al. 1991 for an
overview). The strengthof this techniquds thatit canbe used
for both F, G, andK-type dwarfs, including very youngstars.
A drawbackis thatthe chromospheri@ctivity indicators(e.g.
X-ray andCall emission)decayinto invisibility at aboutthe
ageof the Sun,sothemethodcannotbeusedfor theolderstars
which areof maininterestfor Galacticevolution. A moreba-
sic problemis the time variability of stellar activity, similar
to the actiity cycles and more dramatic phenomenaof the
Sun, suchas the Maunderminimum. Further stellar activity
is causedmainly by rotation, which decreasesvith age but
can be influencedby, e.g.tidal interactionin binary systems
(Kawaler 1989).A chromospheri@agecanthereforebe com-
pletelywrongfor reasonghatcannotbe clarifiedwithout addi-
tional (substantialpbsenationaldata.

Isochroneagesare determinedby placingthe starsin the
theoreticaHR diagram(Fig. 11), usingthe obsened Te, M,,
and [Fe/H] and readingoff the age (and mass)of the stars

by interpolationbetweentheoretically computedisochrones.

Edvardssoretal. (1993 exemplify thistechniquen thepresent
contet. Giventhe presencef obsenationalerrors,isochrone
agescanonly be determinedfor starsthat have evolved sig-
nificantly away from the ZAMS, whereall theisochronegon-
verge. This precludeghe determinationof reliableisochrone
agesfor unevolved (i.e. relatively young)stars,andalsofor G
andK dwarfswhich evolve alongthe ZAMS for thefirst long
periodof theirlife.

Many of our starsare considerablyolder than the Sun.
Moreover, chromospheriactiity indicatorsexist only for a
smallfraction of them.Accordingly, we have choserto derive
isochroneagesfor our stars,recognisingthat meaningfulre-
sultswill notbepossiblefor all our stars.

4.5.1. Selection of stellar models

Selectingan appropriateset of theoreticalevolution models
and verifying its correspondenceavith the obsened starsis
the first crucial stepin ary determinationof isochroneages.
The youngeststarsin our sampleare massie enoughthatthe
stellar modelsmustincorporatecorvective core overshooting
whereappropriate Several suchmodelsexist andare,in fact,
very similar in the theoreticalplane,but employ ratherdiffer-
ent transformationdo the standardcolour systemg(see,e.g.,
the detailedcomparisonin Nordstidbm et al. 19978. We have
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preferredthereforeto computeeffective temperatureandlu-
minositiesfor the programmestarsandcomparewith themod-
elsdirectlyin thelog Teg — M, plane.

In preparationwe have comparedhe latestmodelsfrom
both the Genea (Mowlavi et al. 1998 Lejeune& Schaerer
2001 andPadova groups(Girardi et al. 2000 Salasnictet al.
2000. The two sets of modelsyield essentiallythe same
ages(to within 10%), but have significantand differentlimi-
tationsfor our purposesThe Geneva modelsextendto very
large ages,but are computedfor a relatively coarsegrid of
masses>0.8 My, which precludesa properdeterminationof
massesndagesfor our coolestdwarf starsandleadsto some
numericalproblemsin the detailedisochroneinterpolations.
The Padova modelsextendto starswell below the lower mass
limit of our sample put theisochronesreterminatecatanage
of 17.8Gyr, complicatingthepropercomputatiorof meanages
andageerrorsfor the oldeststarsin our sample Agesmuchin
excesf 17.8Gyr exceedall recentestimate®f theageof the
Universe however, soon balancewe have choserthe Padora
modelsfor thefinal agedetermination.

4.5.2. Choice of model compositions

The next issueconcernsthe choice of chemicalcomposition
for the models.It haslong beenknown (e.g.Edvardssoret al.

1993 Reddyetal. 2003 thatdisk starswith [Fe/H] < 0 exhibit

anaverageenhancemertf the a-elementsvhich risesapprox-
imatelylinearlyto [a/Fe]~ +0.25at[Fe/H] = —1 andremains
constantatthator perhapsa slightly higherlevel in evenmore
metal-poorstars. The total heary-elementcontentof metal-
deficientdisk starsis thus somavhat higher than the heavy-

elementcontentof the Sunscaledby the obsened[Fe/H].

Moreover, recentwork (e.g.Fuhrmannl998 Bensbyet al.
2003 hasfound that thick-disk starsappearsomeavhat more
a-enhancedhanthin-disk starsin therange-1 < [Fe/H] < 0,
which spansthe vast majority of our sample.Thereis, how-
ever, N0 consensun a precisecriterion to distinguishbe-
tweenstarsof the thin andthick disks,in particularwhether
thick-disk starsare all extremely old andor all moderately
metal-poor This makes it impractical to identify the ~5%
thick-diskstarsandestimateseparater-enhancementsr thin-
and thick-disk stars.Moreover, while Padova isochronesare
available for the Solar mixture of heary elementsaswell as
with anenhanced-elementontenfor somevaluesof [Fe/H],
theassumedr-enhancemenfa/Fe] ~ +0.35)is considerably
greatetthanappropriatdor mostof our stars.

Fortunately a simpler procedureappearssuficient. As
demonstratedhostrecentlyby VandenBeg (2000, isochrones
computedwith solarscaledand a-enhancedompositionsare
almost indistinguishable,provided the total heasy-element
contentZ remainsconstantFor the metal-poorstars we there-
fore selectscaled-SolacompositionPadovaisochroneswvith a
somevhat higher [Fe/H] thanthe directly obsened value, as
describedelow.

Specifically we assumean a-enhancementhat is zero
for [Fe/H] = O, rises linearly with decreasing[Fe/H]
to +0.25dex at[Fe/H] = —1.0 and+0.4dex at[Fe/H] = —1.6,
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Fig. 12. Comparisorbetweerthe obsered stars(known binariesex-
cluded) and Padova isochronesfor 0, 2, 4, 6, 8, 10, and 15 Gyr
at[Fe/H] = 0.00+0.02,-0.50+ 0.05,-0.90+ 0.20,and—1.50+ 0.25,
afterallowing for thea-enhancemerandtemperatureorrectionslis-
cussedn thetext.

then remains flat at +0.4 dex at all lower metallicities.
Following VandenBeg (2000, we then increasethe ob-
sened [Fe/H] by 75% of the correspondingalueof [a/Fe] as
thebestestimatenf thetotalheary-elementontentof eachstar
We notethatVVandenBeg (2000 foundhis procedurdo beless
satishctoryfor the mostmetal-richcompositionsbut thosere-
sults were derived for a constant[w/Fe] = +0.3 dex, even
for [Fe/H] > 0. The above approximationshould remain
fully satishctoryin theslightly metal-pooregimewith thefar
smallera-enhancemeniadoptechere.

4.5.3. Adjusting the temperature scales

Having describedur procedurdor choosingmodelsof appro-
priate heavy-elementcontentfor starsof differentmetallicity,
we askwhetherthesemodelsprovide a satishctoryfit to the
obsened stars.This is especiallyimportantfor the effective
temperatureswhich are notoriouslydifficult to predictin an
absolutesensdrom stellarmodelsaswell asfrom obsenation
(seege.g.Lebreton2007). A temperaturenismatchbetweerthe
modelsand obsened starswill enterdirectly into the derived
ages.

Becauseour sampleis expectedto include very old stars,

thecomparisormustbemadeonthe unevolvedmainsequence,

i.e.for M, > +5.5. Goodagreemenis foundfor Solarandvery
metal-poorcompositionsbut for intermediatevaluesof [Fe/H]
themodelsaretoo hotby small,but significantamountsasalso
foundby Lebreton(2001). Ignoringthis offsetwould drive the
low-massstarsto spuriouslyhigh ages giventhetight spacing
of theisochronesn this massrange.

Accordingly, we have appliedtemperaturecorrectionsto
the modelsthatamountto a §log Tes of —0.015 at [Fe/H] =
—1.5, rising linearly to 6log Tes = —0.022at[Fe/H] = -1.0
and droppinglinearly againto zeroat [Fe/H] = —0.3. With
thesecorrectionsyve obtaintheisochrondits to thelowermain
sequencshown in Fig. 12, which we considersatisactory
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4.5.4. Statistical biases in age determinations

The classicalway to determineanisochroneageis to plot the
obsened starsand computedsochronegogetherin the theo-
retical HR diagram eitherthelog Tes — My diagram(Fig. 11,
top) or thelog Tes VS. My variety (Fig. 11, bottom) usedby
Edvardssoretal. (1993 seetheir Figs.10-11). Errorsarethen
derived by varying eachof the independentariablesiog Te,
My, and[Fe/H] by theirestimatedbsenationalerrorsandnot-
ing thechangesn theresultingage.

However, ageis a highly non-linearfunction of positionin
the HR diagram;the distribution of the obsened parameterss
highly non-uniformaswell; andtheobsenationalerrorsarenot
alwaysnegligible comparedo therangesoverwhichthesedis-
tributionsandthederivedagesvary considerablyAn ageprob-
ability distribution function computedwithout regardto these
effectswill thereforebebiasedmoreover, in thesimple,“clas-
sical” approachit is alsoincompletelysampled.Biasedages
andmisleadingerrorestimatesrethelikely result.

Statisticalbiaseseffecting the determinationof isochrone
agesincludethefollowing:

1. Stellarevolution acceleratestronglywhenstarsleave the
mainsequencethereforethedensityof starsn theHR dia-
gramwill bemuchhigherin themain-sequenceegionthan
away from it. This, in turn, causesmore starsto be scat-
teredby obsenationalerrorsfrom the main sequencénto
the subgiantregion thanthe reverse,andleadsto a biasin
favour of high ages.Note thatthis effectis in factexacer
batedif starswith poorly determinedagesare eliminated,
sinceunevolved starsnecessarilyhave poorly-determined
ages.

2. Standardinitial massfunctions(IMF) rise towardslower
stellar massesa given isochronewill thereforenot have
equalnumbersof starsin equalmasssteps put the density
of starswill rise towardsthe ZAMS. Ignoring this effect
will alsoleadto a positive agebias.

3. Standardlisk metallicity distributions (seeSect.6.1) con-
tain mary moremetal-richthanmetal-poorstars;obsena-
tionalerrorswill thereforeagainscattemmorestarsfrom the
metal-richpeakof the distribution into the metal-poortail
thanin the oppositedirection. This will causethe corre-
spondingagesto be derived from isochroneghat are too
metal-poor i.e. too hot, and againa positive agebiasre-
sults (the corverseargumentappliesto the tail of “super
metal-rich”stars).

4. Apart from such“intrinsic” effectsin the data,the distri-
bution of starsin the HR diagramwill be non-uniformbe-
cause.e.g. of a non-uniformage distribution of the stars
themseles,or asa resultof the criteria usedto definethe
sample Notably, the distributionin the HR diagramof our
full magnitude-limitedsamplewill be quite differentfrom
thatof the volume-limitedsubsamplegueto the inclusion
of luminous,evolvedstarsfrom muchlargerdistances.

4.5.5. Age determination for the sample stars

Thetechniquesve have developedto allow for thesebiasesare
superficiallysimilar to thosediscussedecentlyby Lachaume
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etal. (1999 andReddyet al. (2003 asregardsthe treatment
of theevolution biasreferredto above. Thereare,however, im-
portantdifferencesin thatwe treatall threeparameter®g Teg,
My, and[Fe/H] equally include several additionalsourcesof
bias,andconsiderthe whole chainof astrophysicalinks from
datato age.Our methodis outlined below and describedin
greaterdetailby Jeigenser& Lindegren(2004).

Briefly, for every point in a densegrid of interpolated
Padova isochronesve computethe probability P thatthe star
could in reality be located there (and thus have the cor-
respondingage), given its nominal position in the three-
dimensionalHR “cube” definedby log Teg, My, and [Fe/H].
To do so, we assumethat the associatedbsenational errors
have a Gaussiardistribution:

P = exp(—(ATen)?/202_ ) » exp(-(AM,)?/20%, )
s exp (—(A[Fe/H)?/20F 0y ) -

Here, AT etc. arethe differencesbetweenthe obsened pa-
rametersof the actual star and the isochronepoints consid-
ered. We assumeconstanterrors (o) of 0.01 dex in log Teg
and 0.1 dex in [Fe/H] throughout;for My, we use the indi-
vidual error estimateif anHipparcosparallaxbetterthan13%
exists; otherwise the standardphotometricvalue of 0.28 mag
in (m— M) is adopted.

Integratingover all pointsgivesthegloballik elihooddistri-
bution for the possibleagesof the star conditionedto account
for obsenational biasesas describedbelown. We call this the
“G-function” andnormaliseit to unity at maximum.The most
probableagefor the staris then determinedas the value for
which the G-functionhasits maximum(seeFig. 13).

The determinationof the maximumvalueitself is a non-
trivial task.Becauseof humericalnoisedueto the finite sam-
pling of the isochronesa simple maximumof the raw func-
tion resultsin spurioushigh-frequeng featuresin the derived
age distributions which go undetectedn small samplesbut
have dramaticeffectsin densely-populatediagramssuchas
Figs.27and30. Themedianof, say theupper50%of thefunc-
tion yieldsa morestableestimateput if thecorrespondingge
rangeincludesone of the limits (0 or 17.8 Gyr), the estimate
will be biasedaway from the limit, leadingto spuriouslylow
agesfor theoldeststars(cf. Fig. 14). A Gaussiariit asusedby
Reddyetal. (2003 is alsomorestable,but is a poor approxi-
mationin the frequentcasesvhenthe G-functionis distinctly
non-Gaussiar{Fig. 14).

After extensie testswith simulatedandreal data,smooth-
ing the G-function slightly with a kernel dependingon the
width of the unsmoothedunction was found to be the opti-
mum procedureThe maximumof the smoothedunctionthen
yields a stableageestimatewithout significantbias.Figure 13
illustratesthe procedurein the well-behaed caseof star lo-
catedin aregion of the HR diagramwherethe isochronesare
well separatedand the maximumof the G-functionyields a
well-definedage.

Finally, the maximum value of the probability function
foundfor any pointontheisochroness ameasuref thedegree
to whichthestaris coveredby themodels A smallvaluesigni-
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Fig. 13. Top: threeslicesof thethree-dimensiondtR “cube” shaving
theobsenedpoint (centralpanel)andthreecutsthroughthe 1-o- error
ellipsoid. Theprobabilitydistribution function (G-function,botton) is
computedrom all pointsontheisochronesnotjustthoseon orinside
theerrorellipsoid.

fies peculiarstarsor large obsenationalerrorswhich preclude
ary realisticagedetermination.

In computingthe G-functions,we have accountedor the
biasesdlescribedn Sect.4.5.4asfollows:

1. Speedof evolution. The isochronesare more widely sep-
aratedin phasesf rapid evolution, so suchphasesauto-
matically receve lower weightin theintegrations.We em-
phasizethat not only pointswithin a 1-o- (or 3-o-, Reddy
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Fig. 14. Right examplesof starslocatedin regionsof theHR diagram
wherereliableagescannothedeterminedand(left) the corresponding
G-functions.The starsplottedasplus, asterisktriangle,anddiamond
symbolsin the HR diagramcorrespondo the solid, dotted,dashed,
anddot-dashedturves, respectiely. Isochronesarefor 0, 2, 4, 6, 8,
and10Gyr.

etal. 2003 errorellipseareincluded,but all pointson the
isochronesn all threedimensions.

2. Stellar massfunction The varying density of starson an
isochronetowardsthe main sequencés accountedor by
weighting eachpoint accordingto the IMF (Kroupaet al.
1993. It canbe arguedthat the slopeof the actualdistri-
bution in the magnitude-limitedsamplewill belower than
thatof theIMF dueto the preferentiainclusionof brighter,
highermassstars,but the effectis hardto quantify andin
ary casesmall,astherangein massegoveredby the sam-
pleis small.

. Metallicity bias. The excessof apparentlymetal-poorstars
causedy obsenationalscatterfrom thelarge peakof stars
of nearSolar metallicity is straightforvard in concept.
Allowing rigorously for it in practiceis anothermatter:
afully Bayesiamapproachrequiresanestimateof thea pri-
ori distribution which is a priori unknovn and, moreover,
rather different for the complete,magnitude-limitedcat-
alogueand for the volume-limited samplewhich will no
doubtbe preferredin mary applications(compareFigs. 9
and 26); other subsamplesvould no doubt be different
again.It appearsunreasonablé¢hat the cataloguedage of
a given starshoulddependon the subsamplef starsdis-
cussedogethemith it.

Moreover, the first-order astrophysicakffects considered
earlierin the procedurealreadyseemto allow for theseef-
fects.First, if significant,themetallicity biasshouldappear
asanexcesof positiveresidualsatlow [Fe/H] whenphoto-
metricmetallicitiesarecomparedvith spectroscopideter
minations;this is not seenin our data(nor by Edvardsson
et al. 1993. Second,our revised metallicity calibration
(seeFig. 8), by design,yields the correctmeanspectro-
scopic[Fe/H] for agivenmeanphotometrianetallicity.
Finally, andprobablymostimportantlyin view of the sen-
sitivity of the derived agesto smalltemperatureshifts, the
sampleof starsusedto “normalise” the temperaturescale
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of the modelsto that of the obsened stars(Fig. 12) will
alreadybe affectedby ary residualmetallicity bias. Our
temperatureshifts will thereforeallow for it to first order
In fact, it could be arguedthat thesecorrectionsmay; if
arything, be too large becauséhe starswere dravn from
thefull, magnitude-limitedsamplewhich preferentiallyin-
cludesyoung,metal-richstars.
In summarywe believe that, for generaluse,little if any
metallicity bias of significanceremainsin the agesgiven
in the cataloguelf particularlypreciseagesareneededor
certaintypesof stars,well-definedsubsampleshouldbe
extractedandall stepsin the analysisreviewed andor re-
peated,ncluding the temperatureand metallicity calibra-
tions, [a/Fe] ratio(s), model compositionsand bolometric
corrections,and the a priori distributions of the relevant
parameters

4. Agebiasetc.A stronglypealedagedistribution (e.g.dueto
a starhurst) could give biasesanalogougo thosediscussed
above. No suchpeakis expected,and its effects would
againdependn the (sub)sampleonsideredWe have also
notimposedary upperlimit onthederivedageswhile true
agesgreaterthan ~13 Gyr areimplausible,obsenrational
error will causesomedeterminationgo exceedthis limit,
and imposinga cutoff will biasthe meanageof the old-
eststars.

In cases(1)-(2) we correctfor the a priori information in
a fully Bayesianmanner Including also a priori metallicity
and age distributions in the age determinationat this stage
wouldbuild our prejudicesoncerningheenrichmentndstar
formationhistoryof thedisk into our ageestimatedor individ-
ual stars.We have thereforenot madesuchcorrectionsto the
agedistedin thecatalogugequialentto assumindlat apriori
distributions)

Using the above proceduresG-functionshave beencom-
puted for all starsin our samplewith the necessaryinput
data,including binary starsetc. An electronictable of these
functions, which illustrate the determinag of eachage de-
termination at a glance, will be made available to inter
estedreadersby requestto the correspondingauthor(B.R.J.;
bjarne@astro.lu.se).

Bayesiamprobabilitytheoryoffersanindependentalterna-
tive methodto computeunbiasedageestimatesundersimilar
conditions,provided that the a priori distributions of therele-
vant parameterganbe estimatedwith sufficientaccurag. An
end-to-endBayesiarapproactof thistypeis describedandap-
plied to the dataof Edvardssoret al. (1993 by Pont& Eyer
(20049.

4.5.6. Estimating errors for the ages

Realisticerror estimatesare crucial in ary applicationsof the
ages.From a well-behaved G-functionsuchasthat shavn in
Fig. 13 we derive (separate)l-o- lower and upper age lim-
its asthe pointswherethe G-functionreachesa value of 0.6.
Extensve Monte Carlo simulationsusing artificial starswith
typical obsenationalerrorshave confirmedthatindeed68% of
therecoreredagesthenfall within +10 of the correctage.
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Whenboththe upperandlower 1-o- agelimits fall within
therangeof theisochrones)-17.8Gyr, thecatalogudists both
themostlik ely ageof thestaraswell asits upperandlowerlim-
its. In the following, we referto suchcasesas“well-defined”
ages(notethatthis termby itself doesnotimply asmallerror,
only thatthe error estimates reliable!). For moredemanding
applicationsthesampleshouldno doubtberestrictecdto single
starsandperhapsalsoto starswith ageerrorsbelov a specified
limit; all informationneededo do sois readilyavailablein the
catalogue.

If the G-functionpeakswithin the valid agerangebut one
of the limits is outsideit, that limit is not givenin the table,
indicating that the ageis uncertainand its error also poorly
defined For starsnearor beyondthelimits of theisochroneset
(very youngor very old starswith large obsenationalerrors,
duplicity or other spectralpeculiarities),the G-function may
peakat or even outsidethe agelimits of the isochronegsee
Fig. 14). In suchcasesno valueis givenfor theage,only the
estimatedupperor lower limits.

Finally, for the lowest-masstarswhich have not evolved
perceptibly the G-function will shov no well-defined maxi-
mum (seeFig. 14). If the G-functionis too flat to reachthe
1-0 confidencdevel (0.6) anywherein the range0-17.8Gyr,
or if the maximumprobability valueenteringthe computation
of the G-functionindicatesthatthe starfalls significantlyout-
sidetheisochroneset,no ageis givenatall.

The distribution of the relatve age errors is shown
in Fig. 15, while Fig. 16 shovsthe meanrelative ageerrorasa
functionof agefor the starswith “well-defined” ages Notethat
theconditionthatbothlowerandupperagelimits shouldbede-
terminedremovesold starsfrom theupperrightin Fig. 16. The
impressiorof increasingorecisionwith agethatresultswhena
numericalcutoff is mistalkenfor a physicalupperagelimit (e.g.
Fig. 4 of Feltzingetal. 2001) is, of courseanillusion.
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We have comparedour error estimateswith thosederived
in the classicalmanneri.e. by varying eachinput parameter
by +10- andaddingthe ageerrorsin quadratureWe find that
the latter are often underestimatedy almosta factor2. We
attribute this to three causes{i) varying only one parameter
at a time significantlyunderestimatethe true rangeof values
over which the agevariationsmustbe explored; (ii) the tech-
niqueeffectively samplestotal of only six pointsonthethree-
dimensionaprobabilityfunctionwhichweintegratein detailto
computethe G-function;and (iii) the standardvay to adder-
rorsassumesmplicitly thatthe G-functionis Gaussianyhich
is manifestlynot therule (cf. Fig. 14). Someof the error esti-
mationtechniquedor isochroneagesin earlierliteraturehave
in reality estimateditting errorsratherthantrue uncertainties,
andthe errorshave likely beensignificantlyunderestimateah
severalcases.

In the total sampleof 16682 stars,thesecriteriayield age
estimatedor 13636 stars(82%), of which 11445 stars(84%)
have “well-defined” agesby the above definition. 9428 (82%)
of thesewell-definedageshave estimatederrorsbelonv 50%,
5472 (47%) even below 25%. Eliminating known binariesof
all typesleaves us with 9158 presumablysingle stars(83%
of all 11060 suchstarsin the sample)with derived ageval-
ues, 7566 (83%) of which have agesthat qualify as “well-
defined”. Of thesein turn, 6144 single stars(81%) have ages
betterthan50%and3528(46%) betterthan25%,respectiely.

Figure 17 shows the distributions of derived agesfor the
complete (magnitude-limited)samplefor increasingly strict
limits ontheaccuray of theagesandalsocompareshedistri-
butionsof the magnitude-limitecandvolume-limitedsamples.
We stresghat, dueto the biasesn the selectionandagecom-
putationprocedureslreadydiscussednoneof thesediagrams
hasasimpleinterpretatiorin termsof thestarformationhistory
of the Solarneighbourhood.
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Fig. 17. Top: agedistributionsfor singlestarsin the full sample.The
curves shav (top to bottom): (i) all ages(solid); (i) “well-defined”
ages(dots); (iii) ageswith errors<50% (short-dashed)and(iv) ages
with errors<25% (long-dashed)Bottom “Well-defined”agesin the
full, magnitude-limitedsample(solid) andin the volume-limitedsub-
samplefor d < 40 pc (dots).Note thatincreasinghe demandon ac-
curay progressiely remoresmostof theoldeststars.

4.5.7. Checking the results

We have subjectedour age derivation procedurego a wide
range of numerical and other checks.In analogy with the
Monte Carlo simulationsusedto verify the error estimatesas
describedabove, we have createdartificial samplesof starsof

specifiedagesandarangeof masse$rom theisochronesgcom-
puted uvbys indicesand My valuesusing the reversetrans-
formationsof thoseappliedto the obsened data,and added
realisticrandomerrorsto the simulatedobsenations.Thesear
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tificial starshave thenbeensubjectedo our agedetermination
procedurein exactly the samemanneras the obsened stars.
We find that, within the limits of the computederrors,we re-

covertheinputageswithout significantsystemati@rror (but of

coursewith alossof starsin the partsof theHR diagramwhere
agescannotbedetermined).

Anotherreality checkis to determineagesfor starsin open
clusterswith gooduvbyphotometryandknown reddening(in-
cluding,but notlimited to suchfavourablecasesasNGC 3680;
Nordstbm et al. 19973 asif they were single stars.Again,
goodagreements foundwith the resultsof detailedisochrone
fits to the entireclustersequencehut of coursethe unevolved
lower main-sequencstarsyield large error bars.Similar con-
sisteny checkshave beenmadein binary starswith gooddata
for theindividualcomponents-urtherdiscussiorof thesetests
is givenby Jgigenser& Lindegren(2004.

A particular concernwas to ensurethat our procedure
doesnotintroducemetallicity-dependergystemati@rrorsthat
could distortthe resultingage-metallicityrelations(AMR). In
orderto do so, we have createdartificial AMRs of specified
shape,with a distribution of metallicities at eachage corre-
spondingo theobsenationalscatterandwith auniform distri-
bution of stellarmasse$rom the ZAMS valueto the maximum
reachedfor the assignedage and metallicity. For the experi-
ment, we assumedoth an AMR with [Fe/H] increasinglin-
early with time andanother(completelyunphysical)AMR in
which [Fe/H] decieasedinearly with time. Simulatedobsena-
tions andrealistic errorswere computedand agesand metal-
licities redervedfrom the artificial data.As before,mary stars
werelost for which reliableagescould not be determinedbput
thosewith small calculatederrorsdelineatedthe input AMR
without arny systematicerror — a resultwhich inspiresconfi-
dencein our method.Detailson thesesimulationsaregivenin
Holmbeig (2004).

A furtherexternalcheckwasmadeby comparingwith the
agesby Edvardssoretal. (1993. Of their 182 starswith ages,
our procedureyields estimateof ary quality for 179 starsand
“well-defined” ages(seeabove) for 160 stars.Figure 18 com-
pareghetwo setsof agedor thelattersamplealinearfit yields
therelation

l0g AgErgyo3 = (0.11+ 0.03) + (0.89 + 0.04) = log Agey

l.e., our agesare on averageslightly smallerthan those of
Edvardssonret al. (1993 for youngerstars(where their My
derived from éc; is biasedtowards brighter values), while
our agesagreewell for the oldeststars.The scatteraround
the 45° line is 0.12 dex; the fit only reducesit to 0.11 dex.
Edvardssoretal. (1993 estimatedhattheirageshaderrorsof
about+0.1 dex. Ourestimatedneanrelative errorfor thesame
sampleis also0.10dex, somavhatlargerfor theyoungestnd
smallerfor the oldeststars,but the sampleexcludesthe very
oldeststarsfor which an upperagelimit cannotbe properly
determined.

The agreementbetweenour agesand those derived by
Edvardssoret al. (1993 is quite gratifying: one would have
expecteda larger dispersionin Fig. 18 if the errorsin the two
agedeterminationsvere completelyuncorrelatedwhich sug-
geststhat the errors are primarily obsenational rather than
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Fig. 18. Ages from Edvardssonet al. (1993 vs. our resultsfor the
160starsin commonwith “well-defined” ages.

systematicWe recall that even thoughthe samephotometric
datahave beenused,the stellar models (including opacities
and corvectiondescriptions)temperatureandmetallicity cal-

ibrations,absolutemagnitudedeterminationgHipparcospar

allaxesvs. My derived from the §c; index), treatmentof the

a-enhancemenin metal-poorstars,andthe methodfor com-

puting the ageshave all changedin the intervening decade.
Findingarelationsuchasthatseenin Fig. 18 strengthensne’s

confidencen thewholeprocedure.

We have also comparedour resultswith agescomputed
with the Bayesianmethodof Pont& Eyer(2004). Apartfrom
a scaledifferenceof ~25%, dueto a differentmetallicity scale
and their choice of the medianratherthan maximum of the
probability distribution asthe preferredage thereis no signifi-
cantdifferencebetweeng.g.,age-metallicityrelationsderived
with thetwo setsof ages.

For completenessye finally comparedur new agedeter
minations(with errors<25%)with thechromospheriagesde-
rived by Rocha-Pinteet al. (2000 for the 85 starsin common
in the range1-20 Gyr. The plot is quite similar to Fig. 8 of
Feltzingetal. (2001, with notraceof ary correlationbetween
thetwo setsof ages.

In conclusionwhile noting the uncertaintiesye consider
our agescaleto be the bestpresentlyavailable for the whole
sample.However, if the ageof a particularsubgroupof stars,
e.g.thick-diskstars,s neededo the highestprecisionthenthe
detailedelementalcompositionof a carefully definedsample
of suchstarsshouldbe determinecandmodelsof the precisely
the samecompositionbe computedo derive their ages.

It mustbeemphasisethatour reliability testspertainto the
agesderivedfor individual stars. For ary realisticdistribution
of true agesfor a completesampleof stars, onemusttake into
accounthatmary of theleast-@olvedstars,especiallytheold
low-massstarswill have noderivedagein the cataloguesim-

B. Nordstbm et al.: The Gen&a-Copenhagesurey of the Solarneighbourhood

1500 T T T T T T T T T T T T T T T T

1000

Number of stars

500

Fig.19. Thedistribution of derived massedor singlestarsin the full
(solid line) andvolume-limitedsamplefor d < 40 pc (dottedline).

ply becausdhe obsenationscannotmeasuretheir evolution.
We caution,therefore thatthe true agedistribution of the full
samplecannotbe derived directly from the cataloguecareful
simulationof the biasesoperatingon the selectionof the stars
andtheir agedeterminatiorwill be neededo obtainmeaning-
ful resultsin investigation®f thistype.

Finally, we recallthatmary starsin our samplearebinary
or multiple systemsfor which the derived ages(andmetallic-
ities) will be unreliable.In generalthereis insufficientinfor-
mation availableto recover the datafor the individual binary
component$rom the combinedphotometry but the greatma-
jority of thevisualandspectroscopibinariesin thesampleare
known andidentifiedin the catalogugseeSect.5.1), andcan
thusbeexcludedin studiesvhereabsolutestatisticalcomplete-
nesss notimportant.

4.6. Masses

Massestimatesare neededas the main clue to the evolution-
ary history of the starsin the sample Becausesachpointon a
modelisochronecorresponds$o a specificmassvalueaswell
asanage,we cancomputean M-function describingthe prob-
ability distribution of modelmassedor an obsened starfrom
the Padora models,exactly analogoudo the G-functionsfor
theagegseeSect.4.5.5).

The M-functions are much better behaed than the
G-functionsandgenerallyyield good masseslsofor starsto
which no meaningfulagecanbe assignedindividual error es-
timatesarealsogivenfor all masse thecataloguethey aver-
ageabout0.05 M,,. Figure19 shows the distribution of thede-
rivedmasse# boththemagnitude-limitecandvolume-limited
samplesThelow-masdimit at0.65M,, reflectsthered colour
cutoff of our sample.
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4.7. Space velocities

Spacevelocity componentgU, V, W) have beencomputedfor

all the starsfrom their distancespropermotions,andmeanra-

dial velocities.(U, V, W) aredefinedin aright-handed>alactic
systemwith U pointing towardsthe Galacticcentre,V in the
direction of rotation,and W towardsthe north Galacticpole.
No correctionfor the Solarmotion hasbeenmadein the tatu-

lated velocities.Our radial velocitiesare of superioraccurag

(Fig. 3) andthe averageerror of the Tycho-2 propermotions
correspondso only 0.7 kms™ in the tangentialvelocities,so
the dominantsourceof errorin the spacemotionsis the dis-

tance.Accountingfor all thesesourceswe find the average
error of our spacemotionsto be 1.5 kms™ in eachcompo-
nent(U, V, andW).

Figure20displays(U, V, andW) for all starsin the sample
with ameasuredadialvelocity. TheU —W andV—W diagrams
shav a smoothdistribution, the Hyadesbeingthe only clearly
discerniblestructure(cf. Fig. 1 andSect.2.2). TheU -V dia-
gram,on the otherhand,shows abundantstructurein addition
to the Hyadeswith four curvedor tilted bandsof starsaligned
along approximatelyconstantV-velocities.Note that the pre-
ponderanceof starsfrom the two nearestspiral armsin our
local sampldeadsto thewell-definedlimits of thesestructures
seenboth in the U — V diagramandin the V — W diagram
(atV = —30and+20kms™).

Thesestructuresdiscussee.g.by Dehnen(1998, Skuljan
etal. (1999, have velocitiesresemblingclassicmoving groups
or stellar streamsand have been named (top to bottom):
the Sirius-UMa,ComaBerenicegor local), Hyades-Pleiades,
and¢ HerculisbranchesThelocationof the Z Herculisbranch
in the U,V planeraisesthe interestingprospecthat kinemat-
ically selectedsamplesof local thick-disk stars(e.g. Bensby
etal. 2003 might containanadmixtureof somavhatyounger
moremetal-richthin-disk stars.

Becausdhesestructuresio not consistof coeval stars(see
Fig. 30), they are not simply the remnantsof broken-upsys-
temssuchasclassicmoving groups,but could be producedoy
transiensspiralarmstructuregDe Simoneetal. 2004 or result
from kinematicfocusingby non-axisymmetristructuref the
Galaxysuchasthebar (e.g.Fux 2001andreferencesherein).
Our datawill allow morerefinedsearchesor detaileddynam-
ical substructureesulting,e.g.,from pastmemgerevents(e.g.,
Chiba& Beers200Q Helmi etal. 2003 or from the dynamical
effectof thebar.

4.8. Galactic orbits

From the presentpositions and space motion vectors of
the stars,we canintegratetheir orbits backin time for several
Galacticrevolutionsand estimatetheir averageorbital param-
eters.CorrelatingsuchGalacticorbits with the chemicalchar
acteristicsand agesof well-definedgroupsof starsmay yield
insight of greatinterestinto their origin; seee.g. Edvardsson
etal. (1993 andmary laterpapers.

Beforeusingthe obsenedspacemotionsfor thistask,they
mustbe transformedo the local standardf rest.For this, we
have adoptech Solarmotionof (10.0,5.2,7.2)km s~ (Dehnen
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Fig. 21. Key parametersf the Galacticorbitsfor thewhole sample.

& Binney 1998. For the orbit integrationswe usedthe poten-
tial of Flynn etal. (1996, adoptinga solarGalactocentriais-

tanceof 8 kpc. The key propertiesof this modelare: Circular
rotation speed220 km s, disk surfacedensity52 M, pc™,

anddisk volume density0.10 M, pc™3, in agreementvith re-

centobsenationalvalues(Reid et al. 1999 Backer & Sramek
1999 Flynn & Fuchs1994 Holmbeig & Flynn2000.

In the cataloguewe give the presentadial andvertical po-
sitions (Rya @andz) of eachstaraswell asthe computedmean
peri-andapogalactiorbital distance&min andRmax, theorbital
eccentricitye, and the maximum distancefrom the Galactic
plane, zZnax Figure 21 summariseghe distribution of these
parameters

The detailedshapeof especiallythe Rnyi, distribution is
strongly dependenbn the exact value of the SolarV-velocity
applied,andthe peakscanbe relatedto the enhancedlensity
of starsin the streamsseenin Fig. 20. Sirius-UMacauseghe
peakat ~8 kpc in the Rqi, distribution, Hyades-Pleiadethe
oneat~7 kpc, andthesmallbumpat~5.5kpc canbetracedto
the ¢ Herculisstream Testshave shovn thatanincreaseof the
SolarV-velocity by a few kms™ changeghe double-peakd
structureinto a smoothincreasedueto the changedrbit dis-
tribution acrosghe circularvelocity.

5. Statistical properties of the sample

Few if any completeandunbiasedsamplesf starswith com-
plete,homogeneouastrophysicatlataexist in Galacticastron-
omy. Indeed,the conclusionsof an obsenational study may
well dependnoreon theway the starsareselectedhanonthe
actualdataobtained.Thus,for ary applicationof the datapre-
sentedhereit is crucial to be aware of the mannerin which
the starshave beenselectecandobsened,andhow their astro-
physicalparameterbave beenderived.

A chief concernat the start of the project was to avoid
ary kinematichiasin the selectionof stars.Therefore,stars
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for the photometricsurweys wereoriginally selectecbasedon
the HD visualmagnitudesTheseareknown to have apprecia-
ble errors,so somestarsbrighterthanthe limits describedn
Sect.2.1 will certainly have beenmissed,while mary of the
newly measurednagnitudesverefainterthanthoselimits. The
widerangeof HD spectratypesincludedin thesureys should
ensurghatfew if any metal-poorstarsweremissedrom thefi-
nal (muchsmaller)sampleof F andG dwarfsdefinedfrom the
measuredivbys indices.The coollimit is somevhatlessrigor-
ouslydefined,asold metal-richdwarf starsmight be mistalen
for giantsbecausef their strongCN bands possiblyevenin
theMK spectraklassesisedto extendtheredlimit of thesam-
pleto K2 V southof 6 = —26°.

As a practicalfactor mary of the radial-\elocity obsena-
tionsweremadefrom preliminaryversionsof the photometric
cataloguessothefinal selectiorcriteriadid notnecessarilygo-
incidepreciselywith thewaytheobsenationsweremade Stars
thathadalreadybeenobsened could be excludedin the final
samplef neededbut new starscouldnotnecessarilypeadded.
This is the casefor a fraction of the unevolved F stars;they
hadbeenomittedinitially becauseno reliableagescanbe de-
terminedfor them,andnot all wereincludedin the Hipparcos
Input Cataloguewhich was later usedto completethe data.
Also, severalhundredstarsyieldedno radial-welocity determi-
nation becauseof fastrotation, bright hot companionspr for
otherreasons.

Inevitably, when mary tensof thousandf obsenations
are performed manually on hundredsof nights, occasional
misidentificationsand other errors occut The thousandsof
doublestarsof all possiblevarietiesprovide rich opportuni-
tiesfor ambiguityandinconsisteng in the attribution of indi-
vidual obsenations.Greateffort hasbeendevotedto detecting
andeliminatingerrorsof all concevablekinds,but notall cases
canberesolhedandrejectedobsenationscould not alwaysbe
repeated.

Finally, we cautionagainthatthe astrophysicaparameters
for ary starin the catalogudlaggedasabinaryarelik ely to be
inaccurateandpotentiallymisleading.

5.1. Binary stars

Binary starsare alundantamongstfield stars, especiallyin
sampledimited by apparenimagnitudeébecauséinarystarsare
on averagebrighterthan single stars.If unrecognisedthe bi-
narystarswill appealasa substantialbut unknawn fraction of
the samplefor which the derived agesmetallicities,distances,
andspacamotionswill all bewrong.Thereforewhile corrected
valuescannotalwaysbe derived,identifying suchcaseds im-
portantandmucheffort hasbeenspentto thatend.

Our samplecontainsnumerousdouble starswith separa-
tions rangingall the way from invisible to fully resohed in
both photometricand radial-\elocity obsenations. Similarly,
brightnesgatiosrangefrom unity to several magnitudeswith
associatedbsenationaldifficulties.As faraspossibleall such
caseshave beenrecordedat the telescopg(seecommentsin
the photometrypapers) andstarswith visual companionsare
flaggedin the catalogueandthe available information given.
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As notedabove, mary radial-\velocity obsenationsof suchvi-
sualcompanionhave beenmade thesewill be madeavailable
separatelatthe website of Obsenatoirede Gereve.

The accurag of our new radial velocitiesvarieswith the
rotationalline broadeningput the large majority are of excel-
lentquality (cf. Fig. 3). Our averageof morethanfour obsena-
tions per starshouldallow goodbinary detectionstatisticsal-
thoughthe actualnumbervariesconsiderablyfrom starto star
andmary starshave only two obsenations.Accordingly, some
long-periodandor low-amplitudebinary starswill likely re-
mainin thesample put alargefractionof the systemawith pe-
riods belov 1000daysshouldhave beenrevealedby our data
(seebelaw). Many double-linedsystemslsomanifestedhem-
selesby a doublecross-correlatiorpeakalreadyat the tele-
scopeAll availablespectroscopiiformationon duplicity for
thestarsin our samples alsogivenin the catalogue.

The complete sample of 16682 stars con-
tains3537(21%) visual doublestarsand3223(19%) spectro-
scopichinariesof all kinds. Thetotal numberof binary starsof
ary typeis 5622(34%),assomevisualbinary componentsre
also spectroscopibinaries.This fraction correspondsvell to
the total frequeng (32%) of binary systemsof all typeswith
periodslessthan10® daysfoundfor G dwarfs by Duquenng
& Mayor (1991), after carefulcorrectionfor detectionincom-
pletenessOur samplethus comprises11060 starsthat are
not known to be double;of these,7817 have measuredadial
velocitiesconsistentvith their beingtruesinglestars.

A priori, we would expecta larger fraction of binary sys-
temsin our magnitude-limitedsamplethan in the volume-
limited sampleof Duquenng & Mayor (1991) becausehi-
nariesare, on average,brighter than single stars. However,
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Fig. 22. Distributionof obseredV magnitudegor thefull samplgfull
line), andfor the starswith measuredadial velocities (dottedline).
The dashedturve shaws the expectedrelationfor a uniform, volume
completesample.

F dwarfs(0.200< b — y < 0.300)lack radial-welocity datadue
to fastrotation,while the coolerstarsare essentiallycomplete
in thisregard.

The magnitudecompletenesasa function of colour may
becharacterizethy two numbersV;y,, themagnitudeat which
incompletenessetsin, and V., the magnitudebeyond which

restricting the statistics to the volume-limited subsample @ negligible fraction of the starswere measuredEstimatesof

within 40 pc, we still find a total binary fraction of 32%, sug-
gestingthat the greatmajority of binariesin the samplehave
indeedbeendetected.

Finally, we warn thatthe massratiosfor 510 double-lined
binariesderivedfrom our (generallysparseyadial-welocity ob-
senationsandlisted in Table2 shouldnot be usedto derived
massratio distributions or ary other statisticalpropertiesfor
binary starsin general.This sampleis heavily biasedtowards
binary starswith nearequalcomponentsand periodsof a few
days,which show significantline separatiorwithout excessie
rotation(i.e. largerthan~30kms™).

5.2. Magnitude completeness

Thedistribution of the photoelectric/ magnitudedor all stars
in the sampleaswell asfor thosewith completeastrophysical
dataareshavn in Fig. 22. Fromthis diagram,the magnitude-
completenes®f the samplecan be estimatedby comparing
with the distribution expectedfor a uniform volume density

thesecompletenesbmits aregivenin thetablebelow.

Vim  Veut
0.205<b-y<0300 7.7 8.9
0.300<b-y<0344 78 8.9
0344<b-y<0420 7.8 93
0.420<b-y <0540 8.2 9.9

We note againthat the coolestdwarfs are included only
for § < —26°. Thesel277 starsareflaggedin Table1, sothe
samplecanbe cleanly divided into one subsampléhatis ho-
mogeneousverthe sky to aconstantolourlimit, andanother
thatis similarly homogenouso areddercolourlimit, but cov-
ersonly thesouthernmos28% of the sky.

5.3. Volume completeness

The degreeof volume completenessf the samplecanbe es-

of stars.The full samplebeginsto departfrom completeness timated from the computeddistancesof the stars. The pro-

nearV = 7.6.
The original sureys were designedwith variable magni-

grammestarshave a wide rangeof absolutemagnitudesput
are drawvn from the apparent-magnitudémited photometric

tude limits in orderto betterapproximatea volume-complete surweys, so the distanceto which the sampleis volume com-

sample Themagnituddimit thusdepend®n colour, asshavn
in Fig. 23. Note that a substantialfraction of the earliest

plete will vary considerablythroughthe sample,primarily —
but by no meansexclusively — with theb — y colourindex.
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Figure 24 shaws the distribution in distanceof the four
colour intervals definedin Fig. 23. As expected,the earliest
and intrinsically brightestF starsare completeto the largest
distance~70pc (but notethatmary of thesenave no measured
radial velocities).The G5 dwarfsaswell asthelatertype stars
southof § = —26° appearto be completeto ~40 pc, asin-
tended We recallthat1449starshave no distancdistedin the
catalogudbecaus®f inadequatelata(seeSect.4.4).

In theend,thevolumewithin thelimiting distanceof 40 pc
contains only 1685 stars with complete data, out of the
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16682 starsin the full sample(or the over 30000 starsin the
original uvby surweys!). However, asdistancesare known for

nearlyall the stars the absolute-magnitudeiasis quantifiable
andcanbeallowedfor in computingtherelative frequencie®f

thedifferenttypesof star

5.4. Completeness of masses

Stellar massvariesmuch more slowly over the HR diagram
thanage.Accordingly, the M-functionsusedto derive masses
andtheir errorsfor our stars(Sect.4.6) are much betterbe-
haved than the correspondingG-functionsfor the ages,and
useful massestimatescan be derived also for starsto which
no meaningfulagecanbe assignedAccordingly, massehave
beenderivedfor all 14381 starswith determination®f log Teg,
My, and[Fe/H] andlocatednsidetheregionin theHR diagram
coveredby thetheoreticaisochronegseeFig. 19).

5.5. Completeness of ages

In Sect.4.5.6 we discussechow we have determinederrors
for the agesderived for the individual stars. The degree of
completenessf the agedatadependsthen,on how large er-
rors one is willing to accept.For the total sample,publish-
ableagesasdefinedin Sect.4.5.6areavailablefor 13636stars
or 82% of thefull sample(91580r 83% of the singlestars),of
which 11445 (and7566singlestars— 69% of thetotal in both
caseshave “well-defined” ageshy thedefinitionin Sect.4.5.6.
If therelative errorlimits aresetto 50% or 25%,the numbers
are9428and5472(57% and 33%), respectiely, for all stars,
and6144and3528(or 56%and32%)for thesinglestars.

Thefraction of starsfor which reliableagescanbederived
variesstrongly over the HR diagram.For the evolved F stars
the situationis relatively favourable.For starson or nearthe
ZAMS, only anupperlimit to theagecan,in effect, be deter
mined. And for the still-unevolved low-massstarsno usable
agescanbedeterminedatall; in our samplegssentiallyno star
belowv 0.90 M, or fainterthan My = 4.5 yields a meaningful
age.

Theseeffectsareevidentin Fig. 25, which shows the cor
relation betweenthe agesand masseglerived for the starsin
the sample.Threeeffectsare obvious from the figure: (i) the
upperervelopeof massedor a givenage,setby the evolution
of the starsontothe giantbranch(but blurredby metallicity ef-
fects); (i) thelack of starsyoungerthan~1 Gyr, adirectresult
of our blue colour cut-off atb — y = 0.205; and iii) the lack,
at eachage,of the low-mass,unevolved starsfor which well-
definedagescannotbhe determinedThefew scatteredtarsbe-
low the main relationare probablyundetectedjiantsor other
peculiarstars.

6. Discussion

Thedatabasepresentedhereprovidesabasisfor athoroughre-
evaluationof someof the global propertiesof the Solarneigh-
bourhoodandthe Galacticdisk. Several of theseanalyseswill

requiredetailedsimulationsof the predictionsof variouscom-
petingmodels,subjectingthe simulatedstellar populationsto
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Fig.25. Age vs. massfor starswith well-definedages.The appar

ent correlationof age and massis an artifact causedby the over-

representatiomf evolved starsandthe factthat reliable agescannot
be determinedor unevolved stars.

thesameselectiorcriteriaasusedto establistour samplesand
comparingtheresultswith therealdataset.

Suchsimulationswill be the subjectof future papersbut
arebeyond the scopeof the presentdiscussionHere,we will
simply review a few of the “classic” diagnosticrelationsfor
the Galactic disk, i.e, the metallicity distribution for long-
livedstars theage-metallicityrelationfor the Solarneighbour
hood, the radial metallicity gradient,andthe age-\elocity and
metallicity-velocity relations.

In eachcasetwo featuresareessential(i) thelack of kine-
matic selectionbias in our sample;and (ii) the new radial-
velocity datawhich allow to identify starsthathave not taken
partin the evolution of the local disk, but just happerto pass
throughit at this time; remove contaminatiorby unrecognised
binary stars;,completethe velocity informationfor the sample,
and estimatescale-heightcorrections.At the sametime, the
very strongabsolute-magnitudbiasin our sampleand limi-
tation of the cooleststarsto the capsouthof —26° declination
mustbekeptfirmly in mind andcorrectedor asappropriate.

As a preliminary, we warn that the true uncertaintyof the
agesof especiallythe oldeststarsmustbe keptin mind when
interpretingthe following diagrams(note in this connection
thatthefinal refinementsn ouragecomputatiormethodshave
resultedin significantchangesn the agesof the oldeststars
sinceour preliminarydiscussiorin Holmbeig etal. 2003.

As shavnin Fig. 17, restrictingthe sampleto starswith in-
creasinglybetterdeterminechgespreferentiallyeliminatesthe
oldeststarsandmakesit increasinglydifficult to determinehe
maximumageof starsin the disk. Conclusionshasedon sin-
gle pointsin, e.g.Figs. 27 or 30, will be risky at best.E.g.,
we notethatthe statemenby Sandagest al. (2003, that “the
ageof the field starsin the solar neighbourhoods found to
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be 7.9+ 0.7 Gyr”, is basedon a few starsassumedbut not
known) to be supermetal-richandignoresthe existenceof bi-
nary starson the main sequenceAt the sametime, the au-
thorsrecognisahatthe openclusterNGC 6792,with [Fe/H] =
+0.3-0.4, is about10 Gyr old, awarningagainsijuick conclu-
sionsdrawn from a singlediagram.

6.1. Metallicity distribution (the “G dwarf problem”)

Relative to the predictionsof a closed-boxmodel with con-
stant initial mass function (see e.g. Pagel 1997, the ob-
senedmetallicity distributionfunctionfor unevolvedlow-mass
dwarfs shavs a significantlack of low-massmetal-poorstars
(van den Bergh 1962 Schmidt 1963. These should have
beenformedalongwith the high-massstarsthat producecthe
heavy-elementcontentof later stellargenerationshut have not
beenfoundin the predictednumbersn previoussuneys (“the
G-dwarf problem”). While closed-boxmodelsare now obso-
lete, the metallicity distribution of long-lived starsremainsa
fundamentatonstrainton ary of its successors.

The G-dwarf problemcouldin principle have two different
explanations(i) the“missing” metal-poodwarfsdoin factex-
ist, but have not beenfound by previoussearchesa population
of slow-moving metal-poorstarscould exist which would be
missedin propermotion suneys, but be includedin our sam-
ple.Or (ii) theGalacticdisk did notevolve accordingo simple
closed-boxmodels.

The G-dwarf problem was rediscussedexhaustiely by
Jogenser(2000, basedn anearlyversionof the presentata
set.We refertheinterestedeaderto thatpaperfor thefull dis-
cussion sinceno materialchangesave beenmadeto the un-
derlyingdatasincethatstudy

Herewe justrecallthe salientconclusionj.e. thatthe solu-
tion to the G-dwarf problemis not a previously undiscwered
metal-poorpopulation.On the contrary when drawn from a
volume-completendkinematicallyunbiasedample thetrue
fraction of metal-poordwarfs is in fact only about half as
large as previously believed, and the agreementvith closed-
box modelseven worsethan before. Better physicalmodels,
notbetterdata,arenow themosturgentrequirementFigure26
shavsthe metallicity distribution for the volumecompletepart
of oursuney.

6.2. Age-metallicity relations

Since the pioneeringstudiesof Mayor (1974 and Twarog
(1980, therelationshipbetweeraverageageandmetallicity in
the solarneighbourhoodasbeena subjectof continuingde-
bate,summarisedn the recentstudyby Feltzinget al. (2007).
The debateconcernshoth the overall shapeof the meanrela-
tion, whetherthereis scatteiin therelationoverandabove that
dueto obsenationalerrors,andif so,whatmight bethe cause
of this scatter

The accuratespectroscopicmetallicities of Edvardsson
etal. (1993 establishedbeyondreasonabléoubtthatreal scat-
ter exists in the relation, far above that causedby obsera-
tional errors.Little if arny variation of meanmetallicity with
agewasfound,exceptfor thevery oldeststars(>10Gyr) where
adownturnwasobsenedin agreementvith previous studies.
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of singlestars(full histogram)For comparisorthedottedcurve shavs
the reconstructedlistribution for G dwarfs from Jggensen(2000),
whichis correctedor scaleheighteffectsandmeasuremergrrors.

However, as pointed out by Edvardssonet al. (1993 them-
selwes, the restrictionof their sampleto F-type dwarfs auto-
matically excludedary old, metal-richstarsif suchexisted,a
factthathasbeenoverlookedin severallater discussionsThe
very recentsimilar analysisby Reddyetal. (2003 of alarger
numberof elementsn 181 F and G dwarfs reachedsubstan-
tially the sameconclusionsaasEdvardssoretal. (1993.

The selectioncriteria underlyingthe presentsamplewere
specifically designedto include the old, metal-rich starsthat
would have beenmissedby Edvardssoret al. (1993 even if
they existed.At the sametime, it wasrealisedthat theseare
just the starsfor which the derived ageswill be the mostun-
certain,asdemonstratednplicitly by Feltzingetal. (20017). In
this context we notethatReddyetal. (2003 find againa more
clearcut rise of meanmetallicity with agethanthe two stud-
ies just mentioned primarily becausdéhe Reddyet al. sample
containsfew old, metalrich stars.It is unclearwhetherthis is
causedy their selectionprocedureandit is thereforeof inter-
estto re-examinethe age-metallicitydiagramconstructedrom
the starswith well-definedagesin the unbiasedsamplepre-
sentechere(seeFigs.27 and28).

The mostobviousfeaturesof Fig. 27 remaindirectresults
of our selectioncriteria: The absenceof starsnearthe lower
left edgeof thediagramis causedy ourbluecolourcutof. The
predominancef young,metal-richstarsis dueto theirintrinsic
brightnessandthe correspondinglyarge volumethey sample;
the few young,apparentlysupermetal-richstarsare probably
atleastin partdistantgiantstarsfor which theinterstellarred-
deninghasbeenoverestimatedseebelonv andBurstein2003.

Apartfrom thesefeatureslittle variationin meanmetallic-
ity is seen,exceptpossiblyfor the very oldeststarswhich in
generalhave kinematicscharacteristiof the thick disk. Even
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Fig. 27. Age — metallicity diagramfor 7566 single starswith “well-

defined”agesin the magnitude-limitedsample.Note that individual
ageerrorsmaystill exceed50% (cf. Fig. 16).

someof thesehave solarlike metallicities,however, and we
notethatBensbyetal. (2003 recentlyderivedametallicity dis-
tribution for thethick disk thatextendsto starswith [Fe/H] > 0
andSun-like[e/Fe]abundanceatios;thosestarsare,however,
alsorelatively young,sotheir thick-disk pedigreemay remain
opento question.The “/ Herculisbranch”of disk starsin the
U -V diagram(Dehnenl998 Skuljanetal. 1999 couldbea
sourceof suchstars.

WheninterpretingFig. 27 (andFig. 30), the substantiabr
rors of eventhe “well-defined” agesshouldalwaysbe keptin
mind; the presenceof starsappearingo be asold as 14 Gyr
is easily explained by obsenational errors. Uncertaintiesin
the temperaturescalesof the obsened starsand theoretical
isochroneg¢Sect.4.5.3)remainapotentialsourceof systematic
error, andnumericaldetailsof the agecomputatiormay intro-
ducespuriousfeaturesin diagramssuchas Figs. 27 and 30,
which can appeardramaticwithout the elaborateprecautions
describedn Sect.4.5.5,but mayremainin moresubtleform.

In order to avoid the strong absolute-magnitudéias in
Fig.27,weplotin Fig. 28thesamedatafor thevolume-limited
subsamplevithin 40 pc. Despitethe drasticreductionin num-
ber of stars,the lack of young metal-poorstarsproducedby
our blue colour cutoff remainswell visible andis responsible
for the upturnof the meanrelationfor the youngestages.The
disappearancef the young“supermetal-rich” starssupports
theirinterpretatiorasanartifactof thede-reddeningrocedure
for distantgiantstars.Thelack of ary overall metallicity vari-
ation in the thin disk is even more pronouncedhan before.
Finally, the scatterin [Fe/H] at all agesagaingreatly exceeds
theobsenationalerrorof ~0.1 dex. Limiting the sampleto the
best-determinedgedeadsto the sameconclusions.

Thispictureof theage-metallicitydistributionfor field stars
agreeswell with the mostrecentstudiesof openclustersby
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Fig. 28. Age — metallicity diagramsfor single starsin the volume-
limited subsamplevithin 40 pc; largedotsshav meanagesandmetal-
licities in 10 binswith equalnumbersf stars.Top: the 462 starswith
“well-defined” ages(no limit on actualerrors).Bottom the 142 stars
with agesbetterthan25%; averageerror bars(14%)in four agebins
areshown.

Friel etal. (2002 andChenet al. (2003. Thesestudiesshav
thesameconstantmeanmetallicity andlarge scatteratall ages
for the clustersas our study doesfor the field stars.The dis-
cussionby Sandageetal. (2003 alsofocuseson the existence
of old, metal-rich subgiantsin their sample(the 10-Gyrold
metal-richclusterNGC 6791 being anotherexample)— asin
fact pointedout alreadyby Strtomgren(1963. Clearly, more
realisticmodelsof the true complexities of starformationand
chemicalenrichmenbf theinterstellatmmediumarerequired.
We recallthatwe have takenspecialpainsto verify thatour
age computationtechniquewill not distort the overall trends
in the resulting age-metallicity diagrams(cf. Sect. 4.5.7).
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Fig. 29. Radialmetallicity gradientfor singlestarsin threeageranges.
Ry is themeanradiusof the stellarorbits.

Individual agesshawn in Figs. 27 and 28 (top) may still be
uncertainby 50% or more,however (cf. Fig. 15), which must
betakeninto accounin ary discussiorof thesediagrams.
“Cleaner”subsamplesf starscanbeselectedrom thecat-
alogue(e.g.Fig. 28, bottom), but introducefurther strongse-
lectioneffects;cf. thetop andbottompanelsf Figs.28and30.
Evaluatingthe true interplayof cosmicscatterin the chemical
evolution of the disk with obsenationalerrorsanduncertain-
tiesin the agedeterminationill requiredetailednumerical
simulations,which mustinclude modelsof the statisticalbi-
asedliscusse@boveandby Pont& Eyer(2004. Suchdetailed
analysesrebeyondthe scopeof the presenpaper

6.3. Radial metallicity gradients in the disk

In additionto the evolution of metallicity with age,our sam-
ple canbe usedto studythe radial metallicity gradientin the
Galaxy Fromthe Ryin and Ryax Of the stellarorbit, the mean
orbital radiusRy, canbe calculatedFigure29 showvstheradial
metallicity gradientfor threegroupsof starsof differentages.
Theslopef thefittedlinesare—0.076+0.014,-0.099+0.011,
and+0.028+ 0.036dex/kpc.

This canbecomparedo otherstudiesusingFG dwarfsand
giantsby Mayor (1976, Cepheiddy Andrievsky etal. (2002,
planetarynelulae by Maciel et al. (2003, and openclusters
by Friel et al. (2002 andChenet al. (2003. In generalthey
find the radial gradientto evolve over time from valuesbe-
tween-0.02and-0.06for theyoungesstarsto between-0.08
and-0.12 for the older stars.This is compatiblewith our two
youngerage groupswhich shov a mild steepeningvith age
of the radial gradient.The oldeststarsin our sample,on the
other hand,showv no radial gradientat all. This is an indica-
tion thatthesestarsdo not follow the generalevolution of the
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youngerstarsin the disk, but are of a differentorigin, perhaps
from thethick disk.

The radial metallicity gradientof ~—0.09 dex/kpc seen
for starsyoungerthan 10 Gyr can be usedin an attemptto
correctthe age-metallicitydistribution for the effects of ra-
dial migrationin the disk (cf. Wielen et al. 1996. This cor-
rection hasno discernibleeffect on the distribution, and the
dispersionaroundthe meanfor the volume-limitedsampleis
unchangedcomputingthe meanandstandardieviation of the
metallicitiesin the agerange2-12 Gyr in Fig. 28 (top), we
find ([Fe/H]) = -0.16, ¢ = 0.20 dex with no correction,
([Fe/H]) = —0.19, 0 = 0.20 dex after applyingthe correction
for theradialmetallicity gradient.

Starsmigratinginto the samplefrom orbits centerecelse-
wherein the disk obviously accountfor only a minute part of
thescatteiin theage-metallicitydiagram,andbothdispersions
areclearly muchlargerthancanbe explainedby errorsin the
metallicities,asalsoconcludedy Edvardssoretal. (1993 and
Reddyetal. (2003 from detailedspectroscop Ourremoval of
binariesfrom thesampleandcarefulstudyof theageuncertain-
ties also guaranteehat poorly-determinechgesdo not affect
this conclusion(andthe maintrendsof Figs.28 areinsensitve
to evensubstantiahorizontalredistritution of the pointsin the
range2—12 Gyr).

6.4. Age-velocity relations

The obsened spacevelocity componentdJ, V, W for all sin-
gle starsin the sampleareshavn asfunctionsof agein Fig. 30,
with weakaswell asstronglimits ontheaccurag of theages.
The populationof bright, early F-type starsis prominent,but
otherwisethe diagramgeflectthe slow increaseof therandom
velocitieswith agewhichis attributedto heatingof thedisk by
massve objectssuchasspiralarmsor giantmolecularclouds.
The rate of changeandmaximumvelocity dispersionreached
in thethin disk are of key importancefor the interpretationin
termsof thelocal dynamicsof the diskitself.

In orderto quantify theserelationsand also searchfor a
kinematicsignatureof the thick disk, we have computedthe
velocity dispersion®f thesinglestarswith thebest-determined
ages.Figure 31 shaws the resultingrelationsand the power
lawsfittedto them,excludingtheyoungestandoldestbins.The
resultingexponentsare0.31,0.34,0.47,and0.34for U, V, W,
andthe total velocity dispersion respectiely, with an uncer
tainty of 0.05,in closeagreementvith Holmbeig (2001 and
Binney etal. (2000. Asidefrom thelow exponentfor thetotal
velocity dispersionthe evolution of the velocitiesovertime is
characterisethy a smallincreasen the ratio of oy /oy anda
larger increasein the ratio ow/oy. The consisteng of these
recentstudieswhich all useisochroneagesbut otherwisedif-
ferentsamplesandmethodsisin sharpcontrasto studiesusing
agesderived from chromospheriemissionwhich give values
of either0.26 + 0.01 or 0.59 + 0.04 (Hanninen& Flynn2002.

Figure30 shavs no distinctjump in thevelocity dispersion
for theoldeststarsasderivedby Quillen& Garnetf(2001) from
thedataby Edvardssoretal. (1993. Ourresult,derivedfrom a
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Fig.30. U, V andW velocitiesasfunctionsof agefor all singlestars
with completedata. Top panels all 7237 starswith “well-defined”
agesand all velocity data; bottompanels the 2852 starswith ages
betterthan25%.

sample~75 timeslargerandwith far morerefinedprocedures
for theagedeterminationshouldclearlybe morereliable.
Accordingto the classicOort relation, o /oy shouldbe
constantand equalto 0.5 for a flat rotation curve (we find a
valueof ~0.63). Muihlbauer& Dehnen(2003 however, shov
that whenthe true velocity dispersionand non-axisymmetric
disturbanceof the disk are taken into account,large varia-
tions can occur The smallerexponentsfor the in-disk heat-
ing (oy,ov) comparedto the out-of-the-diskheating (o-w)
givesfurtherconstraintdo befulfilled by modelstrying to ex-
plain the obsenedkinematicheatingof the disk. At leastfour
mechanismsiave beenproposedto explain the heating:fast
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Fig.31. Velocity dispersionsfor single starswith relative age er-
rors <25% as functions of age (Fig. 30, bottom). From top to bot-
tom, thetotal, U, V, andW velocity dispersionareplottedin 10 bins
with equalnumberof stars.Thelinesshaw fitted power laws; seetext
for full details.Theyoungestndoldestagebinshave beenexcluded
from the fits to avoid biasesdueto unrelaxed young structuresand
thick disk stars respectiely.

perturbergrom thehalo,suchas10® M, blackholes;slow per
turbersin the disk, suchasgiantmolecularclouds;large scale
perturbationsof the disk causedby spiral arms (De Simone
et al. 2009 or the bar (e.g. Fux 200J); and finally heating
causedy infalling satellitegalaxies.

Massve blackholesareimprobablecandidateslueto other
obsenational constraints apartfrom the fact that their heat-
ing index of 0.5 is too high. Infalling satellitesshouldresult
in a single dramaticheatingof the disk, suchasthe creation
of the thick disk. Stablespiral arm patternsincreasethe ran-
dom motionsof starswithin the plane but not perpendicular
to it, and also becomeinefficient heaterswhen the epicyclic
radiusof a stargetslarger thanthe length scaleof the spiral
pattern.Molecularcloudsheatstarsin all threedirections,but
in isolationthey areinefficientheaterawith atotal exponentof
only 0.21anda vertical exponentof 0.26in the simulationsof
Hanninen& Flynn (2002. Clearly, furthersimulationsinclud-
ing realisticdescription®f all heatingcomponentsreneeded,
andindeedthe recentwork on the effectsof stochastictran-
sientspiralwave structuredy De Simoneet al. (2004 is able
to produceexponentsn the obsenedrange.

Wielen et al. (1999 discussedthe diffusion of stellar
Galacticorbits as a possibleexplanationof the scatterfrom
an otherwisesingle-\aluedage-metallicityrelation,combined
with aradial metallicity gradientin the disk. Fromour redeter
minationof the age-\elocity relationsbasedon a muchlarger
sampleand betterdatathan availableto them, we find a true
dispersiorof velocitiesandorbitswhich is insufficientto sup-
port that interpretation(seealso Nordstiom et al. 1999. One
might suspecthevelocity datausedby Wielenetal. (1996 to
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be contaminatedy thick-disk or halo stars,or by undetected
binaryorbital motion.

Finally, we note that the continuedheatingof the disk
throughouits lifetime shovn in Fig. 31is inconsistentith the
resultsof Quillen & Garnett(2001) who found the heatingof
thethin diskto saturateafter~2 Gyr, with anabruptincreasen
velocity dispersionwhenthe thick disk appearedat ~10 Gyr.
Presumablythis is dueto their much smallersampleof stars
(from Edvardssoret al. 1993 andconsequentlyarger statisti-
cal errorsthanours,aswell aspossibletemperaturer colour
shifts of the evolution modelsusedto determineagesfor cool
dwarfs(seediscussionn Sect.4.5.1).

Figure31 doesshav a modestincreasen velocity disper
sionfor the oldestagebin, suggestie of the appearancef the
thick disk. The key new resultis, however, thatthe disk heat-
ing doesnotsaturateatanearlystage Continuecheatingof the
diskwould appeato make it moredifficult to traceold moving
groupsand otherfossils of pastmerger eventsin the present
Galacticdisk (seeFreemar& Bland-Havthorn2002).

6.5. Metallicity-velocity relations

Given the lack of correlation betweenage and metallicity
demonstrateth the Sect.6.2, plotsof spacemotionsvs. metal-
licity arenot merelytrivial transformation®f the age-\elocity
relationsin Sect.6.4,but corvey independeninformation.

Figure 32 shaws thesediagrams,which display the ex-
pectedsimilarity with both Figs.20and30 but revealnew, sig-
nificantfeaturesThe[Fe/H] — V and[Fe/H] — U diagramsare
especiallyinteresting,asthey show thatthe structuresseenin
Fig. 20 coverawiderangein [Fe/H] aswell asin age(Fig. 30).
This is quite unlike the behaiour expectedfor starsin clas-
sical moving groups,which are presumedo have beenborn
togethey but resembleghe kinematic structuresproducedby
aninhomogeneou&alacticpotential,e.g. by stochasticspiral
waves(De Simoneetal. 2004 or thebar(e.g.Fux 2007).

In particulay the groupof starsnearV = —-50 kms™ and
U = —-50 kms™ andwith [Fe/H] between~—0.7 and ~+0.2
suggestthe existenceof a population of kinematically fo-
cusedstarswith a rangeof thin-disk metallicitiesin addition
to the bona fide thick-disk stars.This possibility is of inter-
estin studiesof the detailedcharacteristicof kinematically
definedsamplesof thick-disk andthin-disk stars(seeBensby
etal. 2003for arecentexample).

7. Conclusions and outlook

The resultspresentedereare the culminationof mary years
of effort by mary people.Indeed thisis in essencehe project
for which not only the Stromgrenuvby photometricsystem
(Stromgren 1963, but also the CORAVEL radial-welocity
scannergMayor 1985 weredeveloped(andanimportantpart
of the sciencecasefor the Hipparcossatellite). We trust that
thematerialpresentedherewill remainusefulto workersin the
field for yearsto come.

The propertiesof the dataset andthe resultsof our first
analysisof it aredescribedn detail above; thesedescriptions
will notberepeatechere.Instead,t is interestingto reflecton
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the changeof scenein Galacticresearchthat hastaken place
in the threedecadesincethe inceptionof this project(cf. the
recentreview by Freemar& Bland-Havthorn2002 “The New
Galaxy”).

At the time, the fundamentadiagnosticsof the evolution
of the Galacticdisk were the relationsdiscussedn Sect.6,
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andderiing isochroneagesvasconsideredfairly straightfor
ward matter What wasneededvasa muchlarger andbetter
defineddatabaseand animprovementin accurag to remove
what was consideredo be merely(?)obsenational scatterin
therelations.

Having completedthe obsenational effort and the first
analysisof the data,we find ourseheswith muchbettertech-
niquesfor determiningisochroneages but alsoa rathermore
consenative view of their accurag thanbefore.lronically, the
similar improvementsin obsenationalaccurag (Edvardsson
etal. 1993beingthe standardxample)have only underscored
the disagreementf the meanrelationswith the predictionsof
simple Galacticevolution modelsand the significanceof the
scatteraroundthe relationsin termsof the real mechanismef
theevolution of thedisk.

Our age-metallicitydiagrams(Figs. 27-28) shouldlay to
restthediscussiorwhetherclosed-boxnodelsor single-\alued
predictionsareadequateepresentationsf theevolution of the
Galacticdisk. Modelsthatallow for the coexistenceof metal-
poorandmetal-richstarsthroughoumostof thelife of thethin
disk will be neededfor further progress.Similarly, our nen
age-\elocity relationswill placemuchstrongerconstrainton
modelsof the dynamicalheatingof disk stars;few if ary of
the traditional candidatemechanismseemable to matchthe
data.The new resultswill alsobe of importancefor assessing
the survival ratesof star clustersand merger remnantsin the
disk and perhapsallow to detectthe dynamicaleffectsof the
bar of the Milky Way (Fux 200J). Finally, a reanalysisof the
“G-dwarf problem” from a much larger and more rigorously
selectedlatabasepointsto asimilar conclusionThe Galaxyis
afarmorecomplicatecandinterestingsubjecthaneverbefore.
The presentwork shouldlay the foundationfor learningmore
aboutit.

Looking aheada decadefrom now, the ESA cornerstone
mission GAIA (Perrymanet al. 2001 will provide the next
quantumleap in our knowledge of the Galaxy Obtaining
the complementaryphotometryand radial velocities needed
to fully exploit the astrometricdatafrom Hipparcoswas left
to suchindependenground-basedafforts asthe presentpro-
gramme(seealso Udry et al. 1997). In contrast,GAIA will
obtaintheseobsenationswith the samesatellitepayloadasthe
astrometriddata,althoughwith muchlargerradial-welocity er-
rorsthanachievedhere(cf. Fig. 3). The presenmaterialshould
remainusefuluntil the resultsfrom GAIA appearnotonly for
studyingour Galaxy but alsoin the effortsto optimisethe ob-
servingand datareductionstrateyies for GAIA andfor such
precursoiprogrammessthe RAVE sunwey (Steinmet2003.
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Appendix A: Description of the columns in the
catalogue (Table 1; in electr onic form only)

L eft-hand pages (Fields 1-26)

(1) HIP: Numberin the Hipparcoscatalogue(ESA 1997,
whenavailable.

(2) Name: Other designation(HD, BD, CD or CP number
in order of preference)A secondnumberfollowing a slash
indicatesthat a double star with separateHD numbershas
beenobsenedtogether

(3) Comp: If the staris a memberof a multiple system,the
component(sincludedin the photometryareidentifiedhere.
(4) f, : This flag identifiesconfirmedand suspectedinaries.
Theinformationcancomefrom oneor severalsourcesuchas
photometryradialvelocity or astrometry

(5) fs: This flag identifies starsin the additional sampleof
cool dwarfs southof declination—-26° (seesect.2.2and5.2).

(6-7) RA & Dec: Equatorialcoordinatesof the star (J2000
equinoxandepoch),from the Tycho-2catalogue.

(8-9) I, b : Galacticcoordinate®f the star

(10) V : JohnsonV magnitude from the published uvby
photometry

(11) b — y: Theb — y colourin the Stdmgrenuvbysystem.
(12) 8 : TheHg index in the Sttomgrensystem.

(13) E(b-y) : Colour excess,from the calibrationsof Olsen
(1988.

(14) logTes : Logarithmof the effective temperaturefrom the
uvbyindicesandthe calibrationby Alonsoetal. (1996.

(15) [Fe/H] : Metallicity of the star as determinedfrom the
uvbys indices and the calibrationsby Schuster& Nissen
(1989, Edvardssoretal. (1993 or the new calibrationdefined
in Sect.4.3.

(16) d : Distanceof the star, in parsecgpc). Sect.4.4 explains
why somestarshave no entryin this column.

(17) My : Absolutemagnitude from the apparenmagnitude,
distanceandcolourexcess.

(18) sMy : The magnitudedifferencebetweerthe starandthe
ZAMS.

(19) f, : Sourcefor the distance(seetext). H = Hipparcos
parallax;F,G = F or G-starphotometricdistance.

(20) f, : Suspectedgiant flag. An asterisk(*) indicatesa
disagreemenbetweenthe photometricdeterminatiorand the

Hipparcosparallaxat the 3o level, suggestinghatthe staris a
giantnot detectedrom the photometry

(21-23) age,o-g’g, 0-2%‘ : The age determinedfor the star
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if ary, with upper and lower 1o confidencelimits, all in
Gigayears.

(24-26) massc'oL ohdh - The massdeterminedor the star
with upperandlower 1o~ confidencdimits, all in Solarmasses.

Right-hand pages (Fields 27-51)

(27) Name: Repeatedrom field 2.

(28) V; : Meanradial velocity of the star For double-linedbi-
nariesthe computedsystemicvelocity is givenif soindicated
by theflag fq in field 34.

(29) m.e. : Meanerrorof the meanradial velocity. Seetext for
details.

(30) oy, : Standarddeviation of the individual radial-\velocity
measurementié N > 1.

(31) N : The numberof individual radial-velocity measure-
ments.

(32) AT : Time-spanjn days,from thefirst to the lastradial-
velocity obsenation.

(33) P(y?) : Probabilitythat the obsened scatterof the radial
velocitiesis dueto randomobsenationalerrorsonly.

(34) fy : This flag indicatesthat the staris a spectroscopic
binarywith a systemicradialvelocity givenin field 28.

(35) f, : Sourceof theradialvelocity: C = Coravel; A = CfA;
L = literature.

(36) vsini : Rotationalvelocity of thestag in km s™.

(387-39) uq+ ps oy : Propermotion in right ascensionand
declination and standarderror of the combinedmotion, in
milliarcsegyear Mostly from the Tycho-2catalogue.

(40-41) n o, : Hipparcosparallaxand its standarderror, in
milliarcsec.

(42-44) U V W : Heliocentricspacevelocity componentgor
thestar(U positive towardsthe Galacticcentre),in km s,

(45-46) Ryq, z : Galacticpositionof thestar in kpc.

(47-50) Rmin Rmax € Zmax : Perigalacticand apogalacticdis-
tance,eccentricity and maximumdistancefrom the galactic
planeof the computedyalacticorbit, in kpc.

(51) f, : Generahote(seebelow).
a: Doublestarwith Am < 5 mag
b: Doublestarwith Am < 5 magfrom Hipparcos
c: Variablestar

d: Simbadnote

e: SeeOlsen(1983

f: SeeOlsen(1979

g: SeeOlsen(1980

h: SeeOlsen(1993

i: SeeOlsen(19943

j: SeeOlsen(1994h

k: SeeAbt etal. (1979

I: SeeAbt (1984

m: SeeAbt (1986

n: SeeGray& Garrison(1989

0: SeeGray (1989

p: SeeHenryetal. (1996
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Table A.1. Sampldeft-handpageof the catalogugFields1-25for thefirst 100stars).

HIP Name Compf,f§ RAJ2000 DecJ2000 | b V by B E(b-y)| logTe [FeH] d M, oMy, frfy age‘r‘ac’g"e‘ Tage mass:r'r?,"j& Omass

high high
hm s © 7 o o mag mag mag pc mag mag Gy Gy Gy Mo Mo Mg
12 3 45 6 7 8 9 100 11 12 13 14 15 16 17 18 1920| 21 22 23 24 25 26
437 HD 15 * 000517.8 +482837 115-14 8.304 0.592 G*
431 HD 16 000512.4 +361813 113 -26 8.0920.311 3.810 0.10
420 HD 23 000507.4 -520906 319 -64 7.5520.366 2.626 0.015| 3.770 -0.19 42 4.44 0.49 H 76 36 109 0.99 094 1.06
425 HD 24 * 000509.7 -625042 312 -53 8.1460.377 2.607 0.013| 3.763 -0.31 70391 1.29 H 93 78 110 101 097 1.04
HD 25 000522.3 +494611 115-12 7.5900.256 2.675 -0.005| 3.828 -0.38 87 2.89 091 F 20 16 24 131 124 1.39
447 HD 26 * 000522.2 +084716 104 -52 8.2380.645 2.546 G *
461HD39 AB * 000529.0 +340620 112 -28 7.8520.3372.628 0.014 3.784 -0.55 91 3.06 1.85 H 47 40 56 114 1.09 120
HD 59 000533.5 +463946 115 -15 8.5950.3632.613 0.007| 3.772 -0.24 87 3.90 1.03 F 74 53 9.8 1.02 097 1.09
462 HD 63 * 000531.1 -093702 89 -69 7.1320.298 2.663 0.008| 3.806 -0.20 51 3.62 0.50 H 29 17 38 121 115 1.26
459 HD 67 *| 000528.4 -611333 313-55 8.8220.424 3.743 -0.14 54517 033 H 0.87 0.83 0.96
475 HD 70 000541.6 +581847 117 -4 8.2210.3952.582 0.010( 3.752 -0.49 48 4.83 0.74 H 149 7.4 0.84 0.81 0.90
482HD85 AB * 000544.4 +175025 108 -44 7.7540.2752.661 -0.014| 3.820 -0.08 87 3.06 0.64 F 19 13 23 135 128 143
493 HD 101 000554.7 +181406 108 -43 7.4560.3732.598 0.001 3.765 -0.32 38 4.55 0.61 H 94 54 142 0.94 087 1.00
490 HD 105 000552.5 -414511 333-73 7.5090.3732.627 0.019( 3.766 -0.21 40 4.49 0.55 H 8.6 48 126 0.97 092 1.03
HD 117 ABC * 000557.0 -301941 12 -80 9.0470.3852.644 0.077| 3.800 -0.26 98 3.76 0.55 F 33 20 47 114 107 121
518 HD 123 AB * 000615.8 +582612 117 -4 5.9780.421 3.746 0.04 204.44 085 H 12.8 85 151 0.98 0.92 1.02
510 HD 126 * 000608.0 +094253 105 -52 7.8030.3122.647 0.002| 3.798 -0.21 903.03 1.28 H 27 23 31 131 123 1.38
522 HD 142 AB * 000619.1 -490430 322 -66 5.7100.3302.640 0.006| 3.791 -0.09 26 3.67 0.68 H 36 28 43 120 112 1.25
530 HD 153 000626.0 +424509 114 -19 8.3570.3882.601 0.010( 3.763 -0.16 123 2.90 2.16 H 38 31 49 130 1.18 1.36
529 HD 156 000624.9 -180217 72 -76 7.3110.2482.699 0.007| 3.844 0.231311.72 1.27 F 11 09 13 187 175 201
519 HD 160 AB * 000616.8 -641425 311 -52 7.8010.2912.689 0.036| 3.840 0.251601.63 1.41 F 11 08 13 192 179 204
544 HD 166 A 000636.7 +290117 111 -33 6.0930.460 2.576 3.727 -0.07 145.41 0.36 H 16.6 3.0 0.85 0.83 0.91
547 HD 189 000639.5 -243715 44 -80 8.5600.347 2.633 0.018| 3.783 -0.251293.01 1.67 F 43 28 54 117 112 1.29
556 HD 200 000646.9 -042100 96 -65 8.2220.3572.605 0.000( 3.774 -0.451103.02 2.04 H 49 37 6.2 114 106 1.22
560 HD 203 000650.0 -230627 52 -79 6.1900.256 2.689 0.003( 3.830 -0.15 393.23 0.32 H 15 05 22 134 129 140
597 HD 219 000713.7 +731237 120 11 7.8750.257 3.835 -0.17
HD 220 000704.7 +671627 119 5 8.6860.3202.639 0.027| 3.806 -0.581332.95 1.49 F 28 23 45 118 111 1.29
578 HD 222 000702.0 +225040 110 -39 8.2900.2412.692 -0.007| 3.840 -0.081192.91 0.39 H 13 06 1.7 143 137 150
584 HD 233 * 000707.6 -155100 78 -75 8.6800.3312.638 0.018| 3.787 -0.44 86 4.01 0.74 F 52 25 7.6 104 097 1.10
603 HD 251 * 000718.3 +074212 104 -54 7.6370.309 2.636 -0.004| 3.802 -0.321082.47 184 F 22 19 26 142 132 151
606 HD 268 000722.5 -252123 41 -80 7.0640.306 2.643 0.003 3.800 -0.37 49 3.63 0.77 H 35 27 43 115 1.08 120
596 HD 276 000713.4 -764351 306 -40 7.5560.2712.677 0.006 3.821 -0.29 84 2.93 0.93 H 22 19 25 135 130 140
612 HD 285 000728.1 -560041 315 -60 7.4890.297 2.649 0.002 3.809 -0.291331.86 2.27 H 16 14 18 161 153 171
630 HD 291 000740.4 +390205 114 -23 8.0190.297 2.660 0.009( 3.808 -0.24 104 2.93 1.18 H 24 21 28 133 126 140
634 HD 292 AB * 000743.1 +371107 113 -25 7.4360.317 3.800 -0.121391.72 2.46 H 15 13 18 170 157 181
641 HD 299 000752.0 +553437 117 -7 7.8310.388 3.762 -0.04 46 452 0.46 H 8.1 36 118 0.99 094 1.06
624 HD 307 000737.4 -450710 326 -70 8.1980.3792.609 0.015( 3.768 -0.171222.77 2.19 H 36 28 45 132 125 1.39
HD 308 *| 000737.8 -515717 318 -64 9.4020.438 3.737 -0.24 78 4.94 0.76 G 11.7 0.86 0.83 0.91
618 HD 309 AB * 000734.7 -603830 312 -56 8.3790.3822.621 0.030( 3.781 -0.04 87 3.55 0.99 F 36 27 59 115 1.09 125
656 HD 330 000804.6 +534746 116 -9 8.1510.384 2.597 0.005( 3.762 -0.391023.11 2.18 H 51 39 65 112 1.05 124
650 HD 333 000800.7 +295015 112 -32 7.5380.2612.697 0.022| 3.849 0.131891.06 1.93 F 08 0.7 09 209 197 226
649 HD 334 000800.2 -073240 93 -68 7.8480.317 2.638 0.004| 3.797 -0.27 93299 1.39 H 27 23 42 130 118 1.38
669 HD 361 000816.3 -144928 82 -74 7.0450.3882.598 0.004| 3.758 -0.20 28 4.84 0.38 H 9.2 0.7 16.1 092 0.85 1.01
697 HD 372 * 000835.3 +531514 116 -9 7.7520.281 3.817 -0.241142.47 144 H 19 17 22 146 138 155
691 HD 373 000830.1 +522011 116 -10 7.7820.2412.688 -0.004( 3.835 -0.40 69 3.57 0.11 H 18 124 119 1.29
689 HD 375 000828.4 +345604 113 -27 7.4090.377 3.771 0.05 79293 1.77 H 27 24 40 144 133 149
682 HD 377 000825.7 +063700 104 -55 7.5810.3912.603 0.001| 3.760 -0.02 404.58 0.43 H 82 34 122 099 0093 1.06
HD 382 000825.4 -212431 61 -79 8.346 0.512 3.702 -0.42 27 6.19 0.31 G 0.75 0.72 0.79
688 HD 392 000827.6 -240537 48 -80 7.5990.3212.643 0.008| 3.799 -0.121322.00 2.20 H 1.7 14 20 161 152 171
699 HD 400 000840.9 +363737 113-25 6.1900.3322.615 -0.011 3.787 -0.35 33 3.60 1.08 H 61 34 7.1 1.09 104 115
723 HD 404 A 000857.2 +662723 119 4 8.6220.516 3.708 0.31 326.10-0.14 H 0.88 0.83 0.90
HD 410 *| 000835.1 -662501 310 -50 9.4250.426 3.745 0.06 90 4.65 0.64 G 11.2 6.3 156 095 0.89 1.02
706 HD 427 000846.1 -344739 350 -78 7.8820.299 2.636 -0.016| 3.808 -0.121112.66 1.34 F 21 18 25 142 134 151
746 HD 432 A 000910.6 +590859 118 -3 2.2700.216 2.709 -0.005| 3.862 0.18 17 1.16 1.60 H 0.7 06 0.8 209 207 224
722 HD 435 000856.5 +124815 107 -49 8.4770.3532.637 0.017| 3.779 -0.11 78 4.03 0.62 H 52 29 7.7 108 102 1.15
709 HD 439 000848.4 -470338 323 -68 7.8170.3042.670 0.020| 3.820 0.131162.40 1.11 H 15 12 17 160 152 1.70
740 HD 447 000904.3 +195528 110 -42 7.1140.301 2.645 -0.006| 3.810 -0.081151.81 2.11 H 14 12 16 174 165 182
726 HD 457 000859.6 -394413 335-75 7.7250.3912.617 0.018 3.765 0.11 554.03 0.76 H 6.6 36 87 112 106 119
747HD 460 A * 000910.2 +444318 115-18 8.7820.306 2.640 0.001| 3.800 -0.441293.23 1.23 F 31 25 50 116 1.09 124
732 HD 466 000902.6 -350530 349 -78 7.7790.2682.686 0.012 3.827 -0.051541.84 1.68 H 13 11 15 171 160 1.82
730 HD 469 AB * 000902.3 -540006 316 -62 6.3320.460 143 0.56 H
754 HD 471 A * 000915.7 +251655 111 -37 7.7890.421 2.590 3.745 -0.16 454.51 0.96 H 14.4 10.6 0.90 0.86 0.96
759 HD 483 * 000919.4 +173202 109 -44 7.0650.4042.601 0.009( 3.756 0.04 523.49 157 H 56 50 6.4 118 1.14 122
768 HD 489 AB * 000928.1 +190656 109 -43 7.9530.421 2.591 3.747 0.01 72365 164 H 73 57 9.0 111 104 118
761 HD 493 AB * 000921.0 -275916 25 -81 5.4200.2732.668 -0.003 3.826 -0.05 68 1.24 2.30 H 10 09 11 197 187 203
762 HD 494 * *| 000923.3 -410240 332-74 9.118 0.492 3.715 0.08 84 4.50 1.42 H 17.3 13.2 0.93 0.90 1.00
795HD 531 AB * 000951.2 +082711 106 -53 8.6500.439 2.583 3.737 -0.04 535.03 0.51 G 156 4.6 0.89 0.85 0.95
786 HD 536 AB * 000941.5 -371853 341 -77 8.3550.287 2.669 0.008| 3.814 -0.17 123291 1.00 F 22 18 26 134 126 1.43
794 HD 546 AB * * 000950.0 -334720 354 -79 8.8320.498 3.709 -0.11 58 5.00 1.16 H
791 HD 547 000948.5 -405334 332-74 8.5780.4082.590 0.013| 3.750 -0.34 724.29 1.22 H 13.8 11.0 16.7 0.91 0.85 0.96
801 HD 564 000952.8 -501604 319 -66 8.3230.3812.584 -0.005( 3.761 -0.33 53 4.69 0.57 H 10.6 4.5 16.0 0.91 0.84 0.99
HD 570 AB * 001024.7 +583125 118 -4 8.2170.207 3.868 0.26
815 HD 578 001002.5 -631748 311 -53 8.1340.2902.661 0.001| 3.812 -0.19104 3.05 0.92 H 24 19 28 133 126 1.39
848 HD 583 * 001024.0 +582922 118 -4 7.7380.297 3.807 -0.32 96 2.82 1.38 H 24 21 27 135 128 141
851 HD 604 001026.3 -142708 84 -74 8.3530.3312.610 -0.029| 3.790 -0.241312.77 1.75 F 27 22 41 134 119 145
819 HD 610 001004.4 -790006 305 -38 7.8780.294 2.663 0.006( 3.810 -0.17 90 3.10 0.90 H 24 20 28 133 127 138
856 HD 615 001029.5 +151354 109 -46 8.2450.306 2.650 -0.004( 3.804 -0.02 783.80 0.19 H 1.9 34 122 116 1.28
867 HD 631 001039.1 +124912 108 -49 8.4750.366 2.611 0.003 3.771 -0.18 64 4.44 0.46 H 71 26 106 1.00 095 1.07
870 HD 633 001040.7 +020319 103 -59 7.5140.3132.643 -0.004| 3.799 -0.08 553.81 0.35 H 29 08 42 119 114 125
880 HD 639 * 001046.8 +372826 114 -25 7.7640.272 3.824 -0.161142.49 119 H 18 15 20 149 142 157
889 HD 652 A 001056.0 +480637 116 -14 8.4290.3542.621 0.004| 3.777 -0.16 614.52 0.22 H 4.0 8.8 1.03 0.96 1.09
872 HD 659 * 001042.4 -542401 315-62 8.548 0.456 3.728 -0.25 G*
865 HD 661/2 * 001038.5 -731327 307 -44 6.6570.2332.719 0.014 3.849 0.20 66 2.55 0.38 H 09 06 13 167 160 172
910 HD 693 001115.8 -152804 82 -75 4.9100.326 2.617 -0.008| 3.789 -0.49 19 3.53 1.22 H 57 48 69 1.07 103 114
HD 694 001118.0 -211458 64 -79 8.3390.3412.644 0.018 3.786 -0.12 84 3.72 0.78 F 3.7 27 59 113 1.06 120
920 HD 700 001124.4 +234905 111 -38 8.2390.3622.621 0.011 3.771 -0.25 54 4.59 0.37 H 7.3 03 116 0.97 091 1.05
914 HD 705 *ox 001118.0 -324801 357 -80 8.6010.430 3.738 -0.25 66 450 1.19 H 17.5 14.2 0.88 0.86 0.92
931 HD 717 AB * 001135.2 -030440 100 -64 7.5800.3452.638 0.018| 3.783 -0.21 66 3.48 1.17 F 52 31 6.7 112 106 1.20
937 HD 732 001136.4 -233756 52 -80 7.9450.3552.639 0.022 3.796 0.201072.70 1.28 F 22 18 27 149 140 159
924 HD 734 A *| 001130.8 -493745 319 -66 9.1430.448 3.728 -0.33 485.74 0.20 H 0.81 0.77 0.86
924 HD 734 B **| 001130.2 -493741 319-66 | 10.9870.655 48 7.59 H
952 HD 737 * 001145.7 +273036 112 -35 8.4490.3032.642 -0.004( 3.804 -0.25 92 3.64 0.57 H 31 20 41 117 110 124
947 HD 738 * 001140.8 -094210 93 -70 8.5300.3242.645 0.014| 3.794 -0.24129298 1.44 F 28 23 44 127 113 138
950 HD 739 001144.0 -350759 347 -78 5.2500.290 2.653 -0.010| 3.811 -0.13 22 3.55 0.39 H 24 10 32 125 121 130
929 HD 741 * 001133.0 -585435 312 -57 8.3550.398 3.755 -0.26 59 4.51 0.83 H 13.2 8.8 091 0.85 0.97
956 HD 744 AB * 001150.1 +282524 112 -34 7.5100.3222.622 -0.008| 3.791 -0.45 78 3.05 1.62 H 44 29 53 116 110 1.25
944 HD 749 * 001138.0 -493921 319 -66 7.9030.672 G *
934 HD 750 * 001135.7 -572821 313 -59 9.0130.492 3.707 -0.35 36 6.21 0.15 H 0.76 0.73 0.81
971 HD 755 * 001201.4 +283623 113-33 7.1940.2532.690 0.006| 3.836 -0.08 92 2.38 0.99 H 14 12 17 156 150 1.63
964 HD 768 001154.7 -224903 56 -80 7.9340.238 2.696 -0.004| 3.840 -0.15 92 3.12 0.24 H 1.2 1.8 1.37 132 1.44
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Table A.1. Sampleright-handpageof the catalogugFields26-50for thefirst 100stars).

m.e

N AT

P(2) Tq fousini

Ryal Z Rmin

Name Vr TV Hax  H50u m Ox u v w Rmax € Zmax | fn
kmy/s km/s knmy/s d kmy/s magyr mas mas kmy/s km/s km/s kpc  kpc kpc kpc kpc

27 28 29 30 31 32 33 3435 36 37 3839 40 41| 42 43 44 45 46 47 48 49 50| 51

HD 15 -226 24 34 2 381 0000 C 2 -4-10 2 3210 a

HD 16 -10.7 1.7 14 21848 0556 C 28 -7 2 2509

HD 23 343 02 03 31767 0309 C 4 -111-131 2 239 09| 40 -22 -16 7.986-0.037 6.39 8.88 0.16 0.15

HD 24 -26.9 0.2 19.0 51806 0.000 *C 9 64 20 2 142 0.8 -31 7 15 7.972-0.057 7.74 9.09 0.08 0.38 a

HD 25 -22 15 L -30 -68 2 19 1 -24 8.036-0.019 7.54 9.03 0.09 0.28

HD 26 -215.1 0.2 1.6 1035879 0.000 C 5 261-59 2 1.7 13 a

HD 39 -26.8 08 14 3 661 0.006 C 14 -18 26 2 11.0 09| 11 -15 24 8.030-0.042 7.24 8.37 0.07 0.55 a

HD 59 -342 03 02 2 94 0626 C 4 159 40 2 -48 -57 13 8.035-0.023 5.10 8.31 0.24 0.33

HD 63 02 21 3.0 21507 0000 C 24 88-72 1 19.8 0.9(-10 -24 -10 8.000-0.047 6.91 8.00 0.07 0.06 a

HD 67 63 03 01 2108 098 C 4 84 -78 2 18.6 0.9 -10 -28 2 7.979-0.044 6.65 7.98 0.09 0.14

HD 70 -284 0.2 04 3 727 0287 C 3 65-166 2 21.0 1.1 7 -31 -37 8.022-0.003 6.49 8.13 0.11 0.52

HD 85 -120 24 1 0 C 60-18 2 59 1.7|-16 -24 -1 8.019-0.060 6.91 8.03 0.08 0.10 a

HD 101 -456 0.1 0.2 72452 0924 C 2 -149151 1 26.2 0.8| 46 -34 17 8.009-0.026 5.86 8.84 0.20 0.41 b

HD 105 16 03 05 43363 0176 C 15 98 -76 1 249 09(-10 -21 -2 7.989-0.038 7.02 7.99 0.06 0.09| d

HD 117 150 03 02 3 361 0842 C 11 -6 -10 3 7 -2 -14 7.983-0.096 7.68 8.54 0.05 0.15 a

HD 123 -80 5.0 13 102676 0.000 *C 5 271 30 2 493 1.0|-20 -19 -1 8.009-0.001 7.13 8.07 0.06 0.09 a

HD 126 119 1.7 24 2 829 0276 C 20-13 2 111 10| -7 0 -14 8.014-0.071 8.00 8.34 0.02 0.13 b

HD 142 53 03 01 21528 0800 C 11 575-37 1 39.0 06| -58 -37 -15 7.992-0.023 5.82 8.58 0.19 0.12

HD 153 -31.8 03 02 2 133 0645 C 5 78 -1 2 81 09]|-27 -48 2 8.048-0.041 5.61 8.12 0.18 0.14

HD 156 136 24 L 16 12 67 09| -8 -1 -15 7.990-0.127 7.98 8.30 0.02 0.17

HD 160 17.2 1.8 L 28 232 54 17|-16 -4 -28 7.936-0.126 7.82 8.16 0.02 0.35 a

HD 166 -69 0.1 03 215410 0162 C 4 380-178 1 73.0 0.8| -15 -22 -10 8.004-0.007 7.01 8.02 0.07 0.04 c

HD 189 76 03 01 2 244 0846 C 9 -25-68 2 56 11| 34 -28 -8 7.983-0.127 6.21 8.61 0.16 0.13

HD 200 -0.2 02 02 2 360 0635 C 5 59-88 1 91 11| -4 -50 -23 8.005-0.099 5.56 8.01 0.18 0.27

HD 203 6.5 35 L 97 -47 1 256 0.8 -11 -15 -10 7.995-0.038 7.40 8.00 0.04 0.06 d

HD 219 -20.0 3.7 L 43-11 2 42 07

HD 220 -32 14 2 8.064 0.011

HD 222 13-16 1 84 09 8.031-0.075 c

HD 233 -122 04 05 2 360 0178 C 11 70-23 2 79 23|-21 -24 5 7.995-0.083 6.83 8.05 0.08 0.20 b

HD 251 172 11 19 3 365 0364 C 45 5 62 5917 1 9 -15 8.016-0.087 7.95 9.05 0.07 0.16 b

HD 268 84 02 01 2 361 0797 C 9 213-133 2 20.6 09| -27 -48 -18 7.994-0.048 5.58 8.06 0.18 0.17

HD 276 230 03 05 2 381 0216 C 7 78 -5 2 119 0.6|-16 -30 -19 7.962-0.054 6.55 7.98 0.10 0.18

HD 285 -09 05 06 2 358 0151 C 13 74 24 2 75 08|-46 -9 -14 7.953-0.116 7.05 8.78 0.11 0.16

HD 291 -176 03 01 2 363 0946 C 6 -68-58 1 96 09| 45 -7 -13 8.039-0.041 6.82 9.48 0.16 0.11

HD 292 07 03 02 2 363 0664 C 10 11-16 2 72 09| -3 -6 -11 8.050-0.058 7.86 8.21 0.02 0.08 b

HD 299 14 02 02 31765 0820 C 8 201 8 2 218 0.8|-39 -19 -6 8.021-0.005 6.87 8.44 0.10 0.02 c

HD 307 146 0.2 02 41477 0580 C 4 29-98 2 82 10| 12 59 O 7.965-0.115 5.03 8.06 0.23 0.16

HD 308 -334 03 01 2 360 0870 C 1 114 38 2 -53 1 18 7.974-0.070 7.24 9.41 0.13 0.47 d

HD 309 56.2 0.7 1.0 21215 0.007 C 7 34-53 2 89 15| 16 -46 -38 7.967-0.072 5.67 8.13 0.18 0.56 a

HD 330 -425 03 06 3 714 0076 C 4 73-63 2 98 10| -5 -56 -29 8.045-0.015 5.32 8.05 0.20 0.34

HD 333 1 62 3809 8.059-0.100

HD 334 -254 03 05 2 607 0.260 C 10 -29 29 2 10.7 1.0 6 6 30 8.002-0.087 7.85 9.06 0.07 0.73

HD 361 77 02 04 63621 0154 C 3 -14 -10 2 36.2 1.0 2 2 7 7.999-0.027 7.86 8.62 0.05 0.03

HD 372 -181 32 45 2 132 0.001 C 35 85 -3 1 88 09(-31 -37 -6 8.050-0.018 6.12 8.19 0.14 0.02 a

HD 373 -6.2 0.6 0.8 31147 0543 A 35 80 24 2 144 10(-22 -17 5 8.030-0.012 7.24 8.13 0.06 0.17| g

HD 375 -57 02 01 2 363 0815 C 5 114 10 2 12.7 09| -36 -23 -1 8.027-0.036 6.74 8.34 0.11 0.10 b

HD 377 13 03 03 21437 0475 C 13 85 -3 2 251 10(-14 -7 -4 8.006-0.033 7.84 8.06 0.01 0.06 c

HD 382 12 02 02 21305 0452 C 2 137 35 2 -7 -4 -4 7.997-0.026 7.86 8.22 0.02 0.06

HD 392 -3.0 2.0 L 46 82 76 09(-28 -9 -2 7.984-0.130 7.44 8.33 0.06 0.16

HD 400 -152 0.1 0.3 204858 0831 C 6 -115124 2 30.3 0.7 28 -10 -8 8.012-0.014 7.03 8.84 0.11 0.02

HD 404 -60.8 0.4 1 0 c 2 178 2 1 313 21 6 -66 -8 8.015 0.002 4.79 8.06 0.25 0.02 c

HD 410 -36.2 03 04 2 362 0283 C 3 149 79 2 -80 13 -3 7.963-0.069 6.96 10.81 0.22 0.12

HD 427 -209 06 10 31161 0310 C 27 6 72 5009 -8 2 20 7.977-0.109 7.97 8.52 0.03 0.48

HD 432 126 1.6 L 523-1801 599 06| -39 -8 -22 8.008-0.001 7.28 8.69 0.09 0.22 c

HD 435 87 03 02 21904 0531 C 7 38-38 2 129 1.0( -8 -10 -18 8.015-0.058 7.74 8.03 0.02 0.16

HD 439 59 26 36 2 923 0.044 C 55 100-45 1 86 09]|-37 -48 -7 7.966-0.108 5.52 8.13 0.19 0.11

HD 447 11.3 11 02 2 437 0910 C 50 11 211 87 08|-13 11 0 8.029-0.077 8.02 9.14 0.06 0.14

HD 457 -19.4 0.2 0.1 31477 0856 C 3 112 -16 2 18.2 09| -28 -16 15 7.987-0.053 7.20 8.21 0.07 0.36

HD 460 -139 06 12 4 439 0016 C 6 53-33 1 48 20| -17 -31 -20 8.052-0.039 6.54 8.07 0.10 0.20

HD 466 -16.3 09 09 41116 0.758 A 60 37-12 2 65 08(-23 -20 13 7.968-0.150 7.05 8.06 0.07 0.36

HD 469 -1.1 02 02 21050 0585 C 3 47 131 70 07(-31 -7 -8 7.952-0.126 7.43 8.43 0.06 0.13 a

HD 471 50109155 2 793 0000 C 1 173-1491 22.1 23| -21 -29 -34 8.013-0.027 6.66 8.06 0.10 0.45 a

HD 483 -31.4 0.1 204 36 753 0.000 *C 4 3-131 1 193 0.8 21 -40 -1 8.012-0.036 5.89 8.26 0.17 0.10 a

HD 489 -31.0 02 02 3 739 0554 C 4 269 29 1 138 1.3|-77 -59 13 8.018-0.049 4.80 8.81 0.30 0.35 a

HD 493 77 16 L 78 -16 6 146 13| -18 -16 -12 7.990-0.068 7.30 8.05 0.05 0.09 a

HD 494 6.0 50672 2 803 0.000 *C O 137-137 2 119 13| -23 -74 -2 7.979-0.081 4.43 8.01 0.29 0.11 a

HD 531 13.9 04 1 0 c 9 54 -10 3 14.2 42| -13 0 -15 8.009-0.042 7.99 8.37 0.02 0.12 a

HD 536 -14 09 08 2 370 0533 C 30 -53-24 2 69 14| 33 2 8 7.973-0.120 7.24 9.42 0.13 0.28 a

HD 546 113 02 01 2 79 0737 C 6 -62-150 2 17.1 19| 36 -29 -5 7.989-0.057 6.18 8.65 0.17 0.07 a

HD 547 143 02 03 31476 0340 C 3 138-1181 139 1.1|-20 -59 -13 7.982-0.069 5.10 8.00 0.22 0.11

HD 564 111 02 03 53659 0448 C 3 -96 -19 2 18.8 1.0| 26 4 -4 7.983-0.048 7.41 9.32 0.11 0.07

HD 570 5 92 a

HD 578 -29 04 01 2 769 0906 C 14 -47-39 2 96 08| 25 -2 17 7.959-0.083 7.28 9.01 0.11 0.43

HD 583 -201 14 19 2 132 0.001 C 13 -99 -10 2 10.4 0.8| 49 3 4 8.044-0.007 7.01 10.07 0.18 0.19 a

HD 604 35 05 06 2 607 0201 C 10 69-52 2 6.2 1.0|-21 -46 -18 7.996-0.126 5.72 8.03 0.17 0.20

HD 610 112 04 06 2 312 0.188 C 14 13 -4 2 111 0.7 o -1 -7 7.959-0.055 7.49 8.09 0.04 0.06

HD 615 -46 04 01 31790 0953 C 16 -70-63 1 129 11| 34 -5 -8 8.017-0.056 7.09 9.20 0.13 0.06

HD 631 323 02 03 41162 0618 C 6 38-17 1 156 1.2 -14 12 -29 8.013-0.048 8.00 9.19 0.07 0.38

HD 633 170 03 01 2 734 0955 C 6 -13 17 1 182 09| -1 13 -12 8.006-0.047 7.97 9.29 0.08 0.09

HD 639 -11.8 1.8 31 3 368 0.000 C 13 50 16 2 88 0.8(-22 -20 8 8.042-0.047 7.10 8.13 0.07 0.24 a

HD 652 12 06 08 2 618 0050 C 6 169 0 2 165 09| -43 -22 -8 8.026-0.015 6.70 8.49 0.12 0.02

HD 659 -1.8 06 13 53659 0000 C 3 8 182 44 11 a

HD 6612 -14.0 5.0 1 Cc 10 123 20 2 151 07| -41 -6 -1 7.971-0.046 7.26 8.75 0.09 0.11 a

HD 693 149 0.1 0.3 2286678 0961 C 5 -82-271 1 529 0.8| 19 -13 -19 7.999-0.018 7.10 8.53 0.09 0.17

HD 694 -6 -42 2 7.993-0.082

HD 700 41 03 01 2 346 0894 C 4 -34 32 1 18.6 0.9 3 11 5 8.015-0.033 7.93 9.22 0.08 0.20

HD 705 140 5.0 455 21714 0.000 *C 5 -116 -8 2 151 1.1 35 15 -8 7.988-0.065 7.43 10.15 0.15 0.08 a

HD 717 -198 03 04 21132 0217 C 7 150-12 2 9.9 15| -37 -33 9 8.005-0.059 6.24 8.24 0.14 0.26 a

HD 732 -21 03 02 2 791 0604 C 14 55 12 76 11(-25 -13 -2 7.989-0.105 7.35 8.18 0.05 0.13

HD 734 49 05 08 2 362 0050 C 5 -38-38 2 209 22| 12 -4 0 7.985-0.044 7.50 8.58 0.07 0.11

HD 734 6.7 0.5 1 0 C 4 -38-38 2 209 22| 13 -5 -2 7.985-0.044 7.48 8.58 0.07 0.09

HD 737 -6.8 1.6 23 21420 0.000 C 10 5-27 2 109 11 5 -12 -6 8.029-0.052 7.45 8.24 0.05 0.05 a

HD 738 -6.8 04 0.2 21006 0626 C 16 101-11 2 6.9 16| -50 -37 -5 8.002-0.121 5.93 8.44 0.18 0.13 b

HD 739 -21.1 0.3 1 0 C 5 169115 1 458 0.7| -25 3 16 7.996-0.021 7.83 8.77 0.06 0.40 d

HD 741 -48 02 04 42273 0354 C 1 273 -5 3 170 08| -67 -35 -7 7.979-0.050 5.78 8.82 0.21 0.05

HD 744 06 03 04 2 357 0416 C 7 -96 36 2 128 14| 26 23 16 8.025-0.043 7.7110.50 0.15 0.44 a

HD 749 216 16 28 32520 0000 C 1 28581 71 11 a

HD 750 261 03 04 2 360 0233 C 4 136 -68 2 275 11| -7 -30 -21 7.987-0.031 6.56 7.99 0.10 0.20

HD 755 -38.8 2.7 54 41089 0.000 A 70 -14-92 2 109 09| 33 -44 -10 8.029-0.051 5.60 8.46 0.20 0.07 a

HD 768 46 -39 2 109 1.0 7.991-0.090

29
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