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ABSTRACT

Aims. We try to identify the origins of field O-stars in the neare$b3 kpc around the Sun using the best presently availabtrartic data
on O-stars and on young open clusters. We investigate thetiqoéf the present-day data are consistent with the assomihat O-stars have
formed in groups (clusters, associations), or in isolation

Methods. We apply the epicycle theory for back-tracing the orbits etfiype stars and of candidate parent open clusters.

Results. From the 370 O-stars in the “Galactic O star catalog v 2.0” 8%¥Q) we have investigated 93 stars classifiediatd, and found the
origin for 73 of them in 48 open clusters younger than 30 M@msly for 32 stars or about 9% of all O-stars from this catanghe question
of their origin in groups is not solved; some of them may hasigimated in isolation or may have disintegrated the graupvhich they
formed. Fifty percent of the young open clusters (agg0 Myr) in the “Catalogue of Open Cluster Data” (COCD) havet@s as members,
or have ejected at least one O-star in the first 10 Myrs of tifeiror both. During this period the average mass loss fraenoclusters by
ejecting O-stars is found to be 3 toNs, per Myr. We prove that Pup had its origin in the open cluster Trumpler 10 which it &fout 2.5
Myrs ago, and that its present-day distance is 300 pc (caedpar440 pc before). The revised distance implies a signifievision of the
stellar parameters (a radius of B4, a mass of 22.8/,, and a luminosity of lod-/L, of 5.74) i.e,£ Pup is closer, less massive, and less lumi-
nous than previously thought. Our findings provide indepeahéstimates of the present-day distances and absolutetodes of field O-stars.

Key words. Stars: early-type — Stars: formation — open clusters anstaons: general

1. Introduction back in time to the onset of its hydrogen-burning stage. This
means that the location of its parent star forming cloud @n b
determined. Investigating the area around these paremisjo

Do all O-stars form in groups (clusters, associations) BRe may find other young objects there, e.g. young star chuste

is commonly believed or is the formation of O-stars in 1805, OB-associations.

. S Thi ) . .
lation possible? This long-standing question can only be an During the last decade, after the results of the Hipparcos

swered, when the birth-places of all O-stars will be discov-. ~. ; -
ered. A review of the situation is given in the introduction prmission became available, nearby OB-associations have bee
' investigated in considerable detall (de Zeeuw et al. 1999).

Gies [19877) and recently In Zinnecker & Yorke (2007). Gie|§|owever not all OB-stars have been found living in associa-
(1987) compilied a catalogue of 195 O-stars which he used. {0 ’ 9

infer the first solid statistics about runaway and field Osstatlons' some are far way from presently-known stellar groups
Recently, a new catalogue of Galactic O-stars (GOSV1 versio" the-sky. . o
Using the data from ESAs Hipparcos mission,

1,|Maiz-Apellaniz et &l. (2004); GOSV2 ion/ 2, Sotalet .
(2003; Wgse pirgﬁsiec d E:omp)ri sing 370 (v)e:;)rr; the 2 a?té OPHoogerwerf et al.[(2001) back-traced the orbits of 56 OBetyp
) ' grunaway stars and nine compact objects with distances less

allows to re-address the statistics of O-star birth-plalcegar- . _
ticular, the GOSV2 catalogue contains a subset of 105 C%—stg}an 700 bC. They found that at least 2; o_bjects of their sampl
uld be linked back to nearby associations and young open

calledfield, which simply means that they cannot be identifie%O ¢ Th th tate that th - biect h
as present or former members of recognised groups. Such riggSters. The authors state that (h€ remaining objects @y

lated O-stars” are of essential interest to decide the opreit originated from distances far-ther away than 700 pc, whege th
"isolated” massive star formation is possible or not. knowledge O_f parent groups is poor. .

Because of the relatively short lifetime (a few million ygar Another line of argument has be_en_followed n tWO. papers
near the main sequence, the orbit of an O-type star in therwid¥ de Wit etal. (2004, 2005). In their first paper they investi

solar neighbourhood can, in principle, be followed all thayw 98t€ the origin of 43 O-typ&eld stars from the O-star cata-
g P P logue by Giesl(1987). The authors search the area aroural thes

Send gprint requests toS. Roser stars for stellar groups in the near-infrared which are ibbss
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hidden in the optical. In their second paper (de Wit ¢t al.2300 [ T T 1
they investigate the same sample kinematically. They ebaziu [ clusters T || clusters I clusters
asfield stars the runaway stars, i.e. those with spatial velo *
ities above the limit of 40 km$ set byl Blaauw!|(1961) and .
those at distances larger than 250 pc from the Galactic plai [ T
Combining the results of both papers they claim that not mo =
than 4+ 2% of all O-stars in Gies’ catalogue can be caller | I
genuinefield stars. o e
The argument by de Wit etal. (2004, 2005) is a rather ir [ o gtars I o-stars
direct one, they are excluding starsfadd without being able i
to retrace their origin. This is exactly the point where wartst =
our present study. Only if one succeeds to retrace an Oestar 1
parent group within its past lifetime one can say with cetai
that this O-star has originated in a group. Proving or digimigp T
this point is not an easy task given our incomplete knowled(, . @ #a cos 9). mas/yr o (ps) . mas/yr @ {RV). km/s
of possible birth-places in the wider neighbourhood of tha SFig. 1. The distribution of therms errors of proper motions
and the uncertainties of the six-dimensional phase spame €, coss (left), u; (middle), and of radial velocitieRV (right)
dinates (position and motion) of candidate stars and catelidjnner panels show the distributions for the 161 young open
clusters angbr associations. clusters, lower panels for the 93 field O-stars. The peak at 10
In this paper we are testing the hypothesis that O-stars, {f/sec inory of O-stars represents stars for which no infor-

origin of which is hitherto unknown, may have been ejectgfation on therms error of the radial velocity is given in the
from young open clusters (or their protoclusters) duringfter |iterature.

the star formation period in the (parental) cluster. Fos thir-
pose, we follow the path of stars and clusters back in timiean t
Galactic potential. In the next section we present the Uyither
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motion space, so that they can be treated via our standard mem

obse_rvatlo_ns, then we dgscnbe the r_nethoc_j and its appln:atlership selection procedure. The COCD contains the celesti
Section 4 is a presentation and a discussion of the resnlts, [ .. R .
%smon of a cluster, its distance to the Sun, reddening, ag

Sectionb we consider a few selected examples of stars V\ﬁt

the adopted solutions, whereas in Secfibn 6 we briefly désc ar;%:':&;'iﬁ’e pggf;;glg?zg?ﬁ;g’;;g;?;ligﬁéergdd?,ﬁ I radii
the stars for which we did not find an acceptable solution. '

summary concludes the paper nd masses (Piskunov et lal. 2008a). The completeness of the
' cluster sample is mainly defined by the limiting magnitude of
V ~ 115 of the ASCC-2.5. Therefore, even nearby embedded
clusters can been missing in the sample if their members were
fainter thanV ~ 115 in the optical. Nevertheless, for “clas-
sical” open clusters, i.e. when the bulk of the placentatenat
For the back-tracing of stellar and cluster orbits we are us-removed and clusters become visible in the optical spkectr
ing the most homogeneous and accurate data of all 6 paraange, the sample was found to be complete up to a distance of
eters of space phase available at present. We took the pabieut 850 pc.(Piskunov etlal. 2006).
tions and proper motions from the recently completed PPMX In the context of this paper, however, we are not interested
catalogue|(Roser etlal. 2008), and the radial velocitiemfr in the full sample, but in a sub-sample of young clusters. As
the CRVAD-2 (Kharchenko et &l. 2007). The major sources pbtential candidates for parent groups we considered 16t cl
specific information on open clusters and O-type stars weggs (including 9 associations) younger than 30 Myr, and hav
the catalogues by Kharchenko et al. (2005a,b) land Sota efirady radial velocities measured. Since absolutely brigdrissire
(2007), respectively. still present in these clusters, this subset is volume dichib
about 2 kpcl(Piskunov et &l. 2006), or to a distance modulus
(V- My) ~ 13 (Schilbach et al. 2006) when extinction is taken
into account. Except for proper motions, the cluster data fo
each cluster (i.e., coordinates of the cluster centreaulist, and

The Catalogue of Open Cluster Data (COCD) and i@digl velocity) were taken from the COCD. The mean proper
Extension|(Kharchenko etlal. 2005a,b) includes 641 opes clipotions were recomputed from the PPMX data and the mem-
ters and 9 cluster-like associations identified in the ASCE- bership information given in Kharchenko et al. (2004). Ie th
catalogue (Kharchenko 2001). For each cluster the memipers#PPer panels of Fidl 1, we show histograms of the mean errors
was determined using spatial, kinematic, and photometiic cof the kinematic data for this sub-sample of young clusters.
teria (Kharchenko et al. 2004). A homogeneous set of cluster
parameters was derived by applying a uniform technique. The,
nine associations are included in the COCD because of their
compact appearance on the sky and small dispersion in proper

2. Observational material

2.1. Open clusters

. O-type stars
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The sample of O-type stars for this paper was taken fra@nce of a field O-star is the most inaccurate input paranreter
the second version GOSVR2 (Sota et al. 2007) of the “Galactite back-tracing of stellar and cluster orbits.
O star catalog” by Maiz-Apellaniz etlal. (2004), with 37@-e
tries. The catalogue is expected to be complete for O—st@r
brighter thariv = 8 but it includes many fainter stars, too. For"
each star, the catalogue delivers spectral classificgiooto-
metric and astrometric data, and further information sugh a
multiplicity and membership in known associations. Among 1. The epicycle approach
370 stars, 105 stars are classified as field stars or field aygaw™
from unknown parent groups. These are the stars we were in-
terested in. For the re-tracing of the stars and open clusters we fol-

Again, we took the positions and proper motions from tHewed the approach used by Fuchs etlal. (2006) who adopted
PPMX catalogue. Doing so, we not only benefitted from athe epicyclic equations of motion as given/by Lindblad (1959

>The back-tracing method

curate proper motions but also kept proper motions of clus- 2(0) u(0)

ters and O-stars on the same system. Radial velocities cafftg = £(0) + —="[1 — coskt)] + — ,

from CRVAD-2. Though CRVAD-2 presents data for 55000 2B sin(t)

stars, radial velocities are available for only 93 O-stdrewr j(t) = (0) + 2A[£(0) + @] t—

list. Unfortunately, for 41 stars, no information on thraser- 2B

rors of radial velocities is available, so we assumed thebeto —%U(O) sint) + 2_%%(0)[1 — coskt)], 2)
K K

+10 knys. The histograms of the mean errors of kinematic data

for the final sample of O-stars are shown in the lower panelséq{) = £(0) cosft) + w(0) sinpt),
Fig.[. As expected, the accuracy of the data for clustemnis, v
average, higher than for O-stars. For clusters, the medidueo

rmserrors ofu, cosd, us andRV are 0.5 masyr, 0.4 magyr and K )

3.4 kny's, respectively. For O-stars, the corresponding numbetd) = U(0) coskt) + Z_BU(O) sint),
are 1.2 magr, 1.0 magyr and 7.5 knfs. 2B .
The distances of O-stars are more of a problem. TH&D = ——~u(0)sinkt) + v(0) coskt). (3)

GOSV2 gives Hipparcos (ESA 1997) parallaxes for all stars fa(t) = w(0) cos¢t) — £(0)v sin(vt)

which these are available. Very recently, van Leeuwen (007

published the new reduction of the Hipparcos observationgiere A and B are Oort’'s constantL, is the angular ve-

Due to a sophisticated modelling of the satellite’s attudlocity of the Galactic rotation of the local standard of rest

van Leeuwenl (2007) could considerably improve the trigon@-SR), « andv are the epicycle frequency and the vertical os-

metric parallaxes of stars brighter than about 8th visugjmia cillation frequency, respectively. We assumed a flat rotati

tude. However, only five O-stars of our sample had Hipparcogrve A = —B = Qo/2, whereQq = 25.9 kmyskpc at the

parallaxes with an accuracy better than 30%. Galactocentric radius of the LSRR = 8.5 kpc. We also adopted

In order to get distances for all stars, there was no otHée same values as Fuchs et al. (2006) for the parameters

chance than using the methods of distance estimates ba¥2@ knmskpc andv = 74 knyskpc.

on the spectroscopic and photometric data. To derive spectr Egs. (2) and (3) describe the motion of a particle in a

scopic distancedsp from the well known relation non-inertial coordinate system centred at a fiducial padirg a
Galactocentric radiug (at Z=0) from the Galactic centre, for

logdsp=0.2[V - My +5-3.1((B-V) - (B-V)o)l, (1) which the transformation from the Cartesian Galactic cbord
natesX, Y, Zinto &, n, £ is given by

we took the observe® and V magnitudes and the spectral

classification from the GOSV2 catalogue, and converted—spécz fo=T

tral type into absolute magnitude\Mand (B-V), accordingto n = ro x arctany//r), (4)

Schmidt-Kaler[(1982). However, the spectral classificatib =2

O-stars is neither straightforward nor unambiguous. Foer ex

ample, for a relatively bright star, HD 13524¥ (= 5.08), withr = +/(ro — X)? + Y2. Similarly, the velocity components

one finds a spectral type and luminosity class of O 7.511I id, V, W of the peculiar space velocity (after correcting for solar

the GOSV2 catalogue and O 8.5V in SIMBAD. Thidfdi- motion and Galactic rotation) are transformed into, w via

ence in spectral classification leads to an uncertainty otib ro— X Y
1 mag in distance modulus. The second source of uncertaitty= U . V?,
arises from theMy—spectral-type calibration which can intro- v fo— X
duce systematicfEects of up to 1 mag (e.g., see Walborn 2002y = U— +V ) 5)

Moreover, the calibration of O-stars shows a large scattéchw |, _ Wr r

may be intrinsic to the stars themselves (&.g., Contiletaf31 -
Garmany & Stencel 1992). We conclude that the spectroscopic As we are only interested in the relative location and ve-
distance moduli may be uncertain by up to 2 mag, and the diseity of a star with respect to a candidate parent cluster,
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we choserg close to the Galactocentric radius of the can [
didate cluster in each case, and the flat rotation curve ge '°[
Qo = 220/ro km/gkpc. The epicycle and the oscillation fre- i

i
| B
: Trumpler 15:
guencies have been assumed to be constant. This extends °| l
[ |
|
|
|
|
|

validity of the approach, as the initigl are small for star & | NGC: eaTl

and cluster, even at larger distances from the Sun, provided = °|
I'star — Fo << rp, andv << roQo. We checked that the require- & [

NGC 6913
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ments were fulfilled for our solutions. <ot 1 |
J_.? | + Berkeley 86 }
2 7VdBerghf}Hagen 56 T }
3.2. Variation of the initial conditions and selection of i } !
the solution ol b T
1000 1500 2000 2500 1000 1500 2000 2500
d pc d pc

dyn’ dyn’

As a starting point of the backward computations, we took
the positions, proper motions, radial velocities of stang aFig.2. Dynamic distance versus back-tracing time for
clusters at their nominal values from the sources desciibedHD 75222 (left panel) and HD 201345 (right panel). Dots
Sec[2. However, taking into account the quality of the inpindicate all acceptable solutions, stars show the best- solu
data, we allowed variations of initial conditions for O+stén tions for an individual star-cluster combination. Vertitines
egs. (2) and (3) within the given error budget. We varied thgark diferent distance estimates for these stars: the solid
nominal values of their proper motions and radial velositidine is for a spectro-photometric distance from Neckel et al
between -2.5- and +2.5 o in 0.5 o steps, and the distance(1980), the dotted and dashed lines are for spectroscogpic di
moduli between [{ — My) — 2] and [(V — My) + 2] in steps of tances based on spectral types from Sotaletal. (2007) and
0.02 mag. Initial conditions for the clusters were not vdrie ~ My—spectral-type calibrations from Schmidt-Kaler (1982 an

The orbits were traced back in time over 11 Myr with &armany & Stencell (1992), respectively. The dashed-dotted
step of 0.05 million years. At each time step, the relatiwe diline_is a distance estimate taking the spectral type from
tance between each star and each cluster was determinedHaak & Swift (1999) and calibrations from_Schmidt-Kaler
the rest of the paper we adopt the following terminology. W&982).
speak of arencounteyif, going backward in time, the distance

between star and cluster (centre) was less than 10 pc. This is ) ) ) ) )
called anacceptable solutioriThe encounter timgteng is the ter, we took into account the available information on dis&

time before present when an encounter occurred, andrihe €Stimates for this star (e.g., spectroscopic distancetspe

counter distancedeng is the distance between star and clust@10tometric parallax, Hipparcos parallax) for making ttee d

centre aten.. Note, however, that the actual physical process $'0N-

anejectionof a star from its cluster counterpart. This ejection N Fig.[2 we give two examples of such sets of solutions.

occurred at timéen, When the star was at a distandig. from The left panel of Figi ]2 shows the case of HD 75222, the right

the cluster centre. panel is for HD 201345. For HD 75222 we obtain three sets
For each acceptable solution, we computed a probabim,acceptable solutions depending on the present-dayndista

ities (actually used in the solution) suit the nominal valoé ing vdBergh-Hagen 56 as a cluster which the star encountered

the kinematic parameters of given star and cluster: about 3 Myr ago can be rejected due to a bad compatibility
with spectroscopic and spectro-photometric distancenastis.
1[{Mas\®  [Auss\? [ ARVs\? The solution with Trumpler 15 fits a distance estimate based o
Pan = EXP 6 [(Zu sc) ’ (Zﬂésc) " (ZRV&C) } : (6) My—spectral-type calibrations from Schmidt-Kaler (1982) bu

needs strong variations in all three kinematic paramesers,
HereAu, s, Aus.s, andARV; are diferences between the applieegven for the best solution the kinematic probability is deral
and the nominal values of the corresponding velocity compiftan 0.2. On the other hand, the solution with Collinder 205
nents of the star, and(sc)? = o2 + 0. Whereocs and  coincides better with the other distance estimates avaifab
o are thermserrors of the corresponding velocity compoHD 75222, and it is quite a stable one. We conclude: assum-
nent of the star and cluster under consideration. i smaller ing a present-day distan@ly, = 1735 pc, HD 75222 was
thanZ in each of three velocity components, then the correjected from the young cluster Collinder 205dat: ~ 1 pc
sponding solutions has a kinematic probabipiy, > 0.606. about 6.6 Myr ago. The kinematic probability of this solatio

This procedure yielded a three-parameter set i.e., enepurig 0.96.

time tene, present-day (or dynamic) distandg, of an O-star The case of HD 201345 is less clear. There are four sets
from the Sun, and kinematic probabilipyi, of acceptable so- of acceptable solutions. Again, encounters with NGC 6913 an
lutions for the encounter distandg,. In the next step, we se-Berkeley 86 can be rejected since they assume a present-day
lected 10% of solutions with the larggs§, and gave the high- distance of the star of about 1.2 kpc which is too small with
est priority to the solution providing the smallekt,.. If, for a respect to the spectroscopic distance estimates. Thaoswut
given O-star there were solutions hitting more than one-clugith NGC 6871 and Cyg OB2 as counterparts assume both a
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Fig. 3. The colour-magnitude diagramB¢ V), My) of the ac- of the O-stars getting acceptable solutions.
ceptable solutions for HD 75222 and HD 201345. The dashed
lines show My — 3.1(B - V)o) lines based on eq. (1) and dy-4 Results
namical distanceslay, derived from the back-tracing proce-
dure for HD 75222 and HD 201345. The dotted line stands
for the ZAMS, whereas solid lines indicate isochrones of For 73 out of 93 O-stars considered, we found acceptable
Collinder 205 and Cyg OB2 found to be the hosts of HD 752Zplutions indicating that the present-day data are caenrdist
and HD 201345, respectively. Small circles mark the abseith the assumption that these O-stars had encountered (ac-
lute magnitude adopted for HD 752224{ = -5.6) and tually, are ejected from) young open clusters during thé pas
HD 201345 My = —4.0). Myr. The essential results of the back-tracing calculatiare
compiled in TabléR. For each of the 73 O-stars we give: HD
identification (column 1), its spectral classification takeom
the GOSV2 catalogue (2), name and age (Kharchenko et al.
20054,b) of the probable counterpart cluster (3,4), theadyn
) ical distance of the staigy, (5). Column 6 gives the timgn,
present-day distance @kyn = 1740 pc for HD 201345 and; ¢ the time before present when the star was ejected. Gslum
fit much better the spectroscopic distance estimates. Wity a4 g are the distanane and the relative velocitAVekne
kinematic probabilitypcin = 0.99 the star was ejected frompapyeen the star and the clustetat Column 9 contains the
Cyg OB2 atdenc = 1.5 pc about 5.8 Myr ago. For the solu-giar's apsolute magnitude and its upper and lower limits est
tion with NGC 6871 we obtainedenc = 1 pC,tenc = 6.5 Myr,  mateq fromdgyn (see the end of Seic.3.2), and column 10 gives
p«in = 0.85. Since the kinematic probability of the solution Wltl’ihe kinematic probabilityyin of the solution.
Cyg OB2 is higher, we selected Cyg OB2 as the most proba- gycentin one case, the kinematic probabifity is always
ble host of HD 201345. However, the solution with NGC 687l%rger than 0.5. This means that in unitsrafs errors, only
cannot be rejected completely. We discuss this case belovgifs|| variations of the kinematic parameters were needed to
Sec[5 which is devoted to the results on individual stars. get an acceptable solution for the majority of stars. The dis

For each star with a present-day distadgg determined, tributions of df-sets in the sense (used parametarominal
we can estimate its absolute magnitidg using eq. (1) which parameter) are shown in Fig. 4 for proper motions and radial
directly provides a relationMy — 3.1(B - V)o). Assuming that velocities of the 73 stars with acceptable solutions. Tise di
the adopted extinction law is correct and the intrinsic oolotributions do not indicate any anomalies, so we conclude tha
(B - V)o of an O-star is between0.33 mag and-0.13 mag, the results of the back-tracing calculations can be used+o u
we obtain a maximum variation of about 0.6 mag for its alslerstand where the field O-stars came from and explain their
solute magnitudéVy,. The limit of —0.33 mag is defined by present location.
the location of the ZAMS, whereas the limi0.13 mag corre- Of 161 young open clusters in our sample, only 48 clus-
sponds to spectral types from B7 V to B3 | (see Schmidt-Kaltars were “hosts” of field O-stars. Only two clusters are plde
1982) and it was chosen to be on safe ground not to exclutian 20 Myr. Twelve clusters ejected two O-stars each, two
O-stars. Assuming further that the star is “geneticalljyared clusters (Cyg OB2, and ASCC 8) had three ejections in the
to its counterpart-cluster, we chose the crossing pointéemn past, and three clusters (Trumpler 14, Loden 821 and ASCC 9)
the line My — 3.1(B — V)o) for the star and the isochroneeven four ejections. Three O-stars turned out to be members
corresponding to the cluster age to be the absolute magnitofl the newly detected open clusters ASCC 45 and ASCC 79
My of the star. For illustration, we show the correspondinharchenko et al. 2005b). Since their origin seems to bercle
((B = V)o, My) plot in Fig. 3 for HD 75222 and HD 201345.they are excluded from the statistics presented below.
The adopted absolute magnitudds are —5.6 and—4.0 for In Fig.[ we show the ages of the clusters versus encounter
HD 75222 and HD 201345, respectively. timetene Close to the bisector in this figure, one expects to find
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Fig.5. Cluster agety versus encounter (ejection) timgc
Dots stand for the 70 O-stars with acceptable solutions fro AVel, km/s

the back-tracing procedure. Crosses mark 23 O-stars Whﬁla. 6. Distribution of relative velocities of O-stars with respec

were possible clgster members at the beginning of t_he_lr “lfg their cluster counterparts at the moment of the closest ap
but, later, were ejected from the parent clusters. The $iokd

roach (ejection). The filled histogram shows former cluste
tenc = 0.5 X to) Separates them from the other O-stars wher D (e ) 9

e . .
the dotted line is the bisector. The red open circles indi€at fembers ejected from their hosts.
stars with velocities larger than 80 kenwith respect to their
cluster counterparts at the moment of the closest approagh number of the ejected O-stars, the number of the parent
(ejection). clusters, and the distribution of their encounter tigs we
can roughly estimate an average mass loss of a cluster caused
by the ejection of O-stars alone. Assuming a typical massof a

O-stars which left the cluster birth-places just beforejmy O-star of 20M,,, we obtain the average mass loss rate of a clus-
or just after the time the clusters were forming. In this senger due to ejected O-stars from abou¥i5/Myr if tenc < 5 Myr
they were members of protoclusters but did not become ag-3 Mo/Myr if 5 Myr < tenc < 11 Myr. Though the statistics
tual cluster members; they were formed in the same regidasrather poor, the result agrees well with the estimation by
where the corresponding clusters originated. On the otired h [Piskunov et al.|(2008b) and underlines the importance of the
there is a number of O-stars with significantly smaller than contribution of ejected O-stars to the general mass losp@fio
the aged,q Of their counterparts. For these stars, we assurdlsters in the first 10 Myr of their life.
that they were ejected from the already formed cluster at an At the moment of ejection, the relative velocities of for-
early stage of the cluster’s life, either due to internallevo mer cluster members with respect to their parent clusters ar
tionary processes in the cluster itself, due to binary di@mhu rather moderate, with medianAYel ~ 45 kmys. This does not
or due to external disturbing forces (see e.9. Kroupa & Boilhange significantly if we consider all 70 O-stars. In[Hig 6 we
2002;[ Zinnecker 2003). We have marked these candidatesshypw the histogram of relative velocitias/el for all O-stars
crosses in Fig.]5 whetane < 0.5 X tog. This criterion is re- with acceptable solutions and for the 23 stars probably hav-
lated to the accuracy of the age estimates of open clustersnig been cluster members in the past. Of five stars wktel
our sample which is found to be aboati,g: = 0.20..0.25 larger than 80 kifs, there is only one which was a former clus-
(Kharchenko et al. 2005a). We remark that this determinaticer member. The other four belonged probably to protoctaste
of cluster ages is based on the Padova isochrones (Giraatli eand were ejected from the regions during cluster formation.
2002) which have a lower limit at lag = 6.6. Therefore, the  As described in Sec. 4, our back-tracing procedure allows
ages of the youngest clusters can be somewhat overestimatedetermine the present-day, or dynamical distartggs of
Taking this into account, the portion of ejected O-starsfal-  O-stars. This gives us estimates of their absolute magestud
ready formed clusters should be about236%. The majority My, qyn. In Fig.[d we show the distribution of fierenceaMy =
of O-stars, however, was ejected from the star formatioioreg My, s, — Mygyn t0 the standard calibrations from Schmidt-Kaler
during the protocluster phase. The fact, that we do presenti982), Walborn|(1972), and Garmany & Stencel (1992). At
observe the outcome of this latter scenario as an "isolaBed” first glance this picture is intriguing, but remember that ¢al-
star and aurvivingopen cluster, may indicate that cluster disbrations of absolute magnitudes of O-stars date back to the
ruption by O-stars in early stages is possibly le$sative than pre-Hipparcos era. After Hipparcos it has become possible t
assumed by e.g. Lada & Lada (2003). start a re-calibration, admittedly more for early B-typarst

From the study of the initial mass function of Galactic opetthan for the O-stars themselves. Utilizing the measuresent
clusters/ Piskunov et al. (2008b) found that a typical elustirom Hipparcos| Kaltcheva (1999) fourdysi — Mynipp =
loses about 66 80% of its initial mass during the first 260-0.85+ 0.12 for 44 BO-B3 Ill, IV stars. This number coincides
Myrs of its evolution. The average mass loss rate deterntigedwell with our findings for the median afMy = —0.84,-0.72
Piskunov et al. (2008b) ranges from 3 to I#,/Myr which in- or—0.36 depending on the fiierent calibrations (see F[d. 7). As
cludes mass loss due to stellar and dynamical evolutioomFrave will show below/ Pup, the only O-star with a highly signif-
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" Senmiatxater (952) | waorn (572) T carmany. siencat o2y | 1@DI€ 1. £ Puppis: distances, distance modélli- My, and de-
T T 1 rived differences in absolute magnitude, Mith respect to the
new Hipparcos parallax (van Leeuwen 2007).

distance,pc V- My AMy  sources for distance

] ] 333 7.60 0.00 _van Leeuwen (2007)

+ E 429 8.16 -0.56 ESA (1997)

] ] 615 8.94 -134  Spectral type O4 |
300 7.36  +0.24 this paper

Fig.7. Distribution of diferences in the absolute magni-= 42000 K instead of 50000 K according to spectral type O4.

tudes of field O-stars derived from our dynamichl, dis- This, together with the low log = 3.5, means thaf Pup is

tances versus the absolute magnitudes according to the ggﬁady away from the ZAMS.

ibrations by | Schmidt-Kaler[ (1982), Walborh (1972), and Kudritzki et al. (1988) also determined the angular diame-

: ter of £ Pup to bexr = 4.0 x 10 arcsec. Together with an as-
Garmany & Stencel (1992), respectively. On average day . o .
lead to systematically lowevly, than the previous calibrations.sume‘j distance of (430200) PC, this y'e'de‘?' aradius of (19
8)R, and a mass of 4¥,. Using the new Hipparcos parallax,

we find a radius of (14 0.4)R, and a mass of (2248..3) M.
icant parallax in.van Leeuwen (2007), hashdps; — Mynipp =  For its luminosity we find log/Le = 5.74+0.02. For the error
-1.34. calculation, only the mean error of the Hipparcos paraltax i
considered. The new Hipparcos parallax rules out the seenar
ios bylvan Rensbergen et al. (1996). They discussed an origin
of £ Pup in Vela R2, which would imply a present-day dis-
tance of the star of 700 to 800 pc. The alternative scenario
In the following we discuss the results for a few selectdfiat { Pup originated as a field star and its runaway nature
stars in more detail. These include the casg®iip, the closest iS due to a binary history is now also ruled out, because this
O-star to the Sun, a case of a common origin of 4 O-stars, af@uld lead to a present-day distance between 400 and 800 pc
finally a case of O-stars presently at large distance from tfan Rensbergen et'al. 1996).
Galactic plane. To summarise] Pup is closer, less massive, and less lumi-
nous than previously thought.

5. Individual stars

5.1. ¢ Pup (HD 66811)
. . . 5.2. HD 188209, HD 189957, HD 198846, HD 201345
¢ Pup is an important benchmark for the astrophysical char-

acteristics of massive stars. Spectroscopically it is stlasAlthough, at present, these stars are separated by hundreds
fied as O41 according to _Sota el al. (2007), and its trigonof parsecs, they turn out to have common “relatives”. We
metric parallax from the original Hipparcos catalogue (ESshow their spatial distribution in Fid.] 8 wher¥, Y, Z
1997) is 2.330.51 mas. From a back-tracing df Pup, are the Cartesian Galactic coordinates &@(pc) is the
Hoogerwerf et &l (2001) found that this star had a possitrle eé5alactocentric radius of a star or a cluster. The presenteda
counter with the cluster Trumpler 10 some 2 Myr ago provideghtion is shown in the left column & 0), whereas the right
that its dynamical distance walgy, = 250 ... 300 pc. This was column ¢ = —10 Myr) displays the same region 10 Myr ago.
inconsistent with the Hipparcos distance of 430 pc, and ala¢ that time the open cluster NGC 6871 had formed (its age
its absolute magnitude did not agree with the cluster iswotir is dated log = 6.99 in|[Kharchenko et al. 2005a). Just before,
Our back-tracing confirms the results from Hoogerwerf et at tenc = 10.9 Myr, the O-star HD 188209 escaped from this
(2001), giving Trumpler 10 as the host adgl, = 300 pc, region with a relative velocity of about 35 K&y away from the
tenc = 2.5 Myr, denc = 0.9 pc, andpkin = 0.94. This re- Galactic plane, and towards the North pole. A few millionngea
sult is consistent with the new Hipparcos parallax (304 later ¢ = —7.7 Myr, not shown in Figl.18), NGC 6871 passed at
mas) from the re-reduction of Hipparcos data by van Leeuweabout 35 pc the region where the association Cyg OB 2 came
(2007). If we literally adopt the new Hipparcos distance ofto being att ~ —5.5 Myr. IKharchenko et al. (2005a) give
333 pc, we get a solution with,: = 1.8 Myr anddenc= 7.1 pc, logt = 6.72 for Cyg OB 2. Immediately before, two O-stars
which has only a slightly smaller probabilitp, = 0.91). were ejected from this region, HD 189954,( = 5.9 Myr) and

In Table[1 we summarise the distances’ d?up from the HD 201345 {.nc = 5.8 Myr). HD 189957 started in the direc-
various sources. Compared to the new Hipparcos benchmaidq to the North pole with a relative velocity of about 70 fem
the old spectroscopic distance rendér®up 1.34 mag too whereas HD 201345 moved to the South pole with about the
brightin absolute magnitude. According to alay, it would be same relative velocity. About 3.5 Myr later € —2 Myr) the
0.24 mag fainter than based on the revised Hipparcos distar@-star HD 198846 was ejected from Cyg OB 2 with a relative
From a non-LTE analysis of the spectrum, Kudritzki et alielocity higher than 100 kys in the direction to the South pole,
(1983) found that the féective temperature of Pup is Tt too.
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from the Galactic plane. These cases are also interesting si
their counterparts were clusters hosting other field Csstap.

5.3.1. HD 116852 and Trumpler 14

Judging from the spectroscopic distance and high galactic
latitude of HD 116852, one can expect that this star is lo-
cated at a relatively large distance from the Galactic plane
Indeed, from back-tracing we obtaih ~ —690 pc for the
present-day location of HD 116852. This star left its birth-
place in a protocluster of Trumpler 14 with a relative veloc-
ity of ~ 180 km's about 6 Myr ago, i.e. just before the clus-
ter was formeo. Kharchenko et al. (2005a) list1cg 6.67 for
Trumpler 14. The location of the star and of the protocluster
at that time was aZ ~ —50 pc. During the next 6 Myr, the
cluster moved by only 60 pc, whereas HD 116852 did more
than 1 kpc. Merely 1.5 Myr after its birth, Trumpler 14 lostan

Fig.8. Spatial distribution of the O-stars (1: HD 188209, 2other O-star, HD 93652, and about 1.5 Myr later, HD 91651
HD 189957, 3: HD 201345, 4: HD 198846), of the open clustand HD 305539 left the cluster, too. Presently, HD 93652,
NGC 6871, and of the association Cyg OB 2. The upper paneip 91651, and HD 305539 are located about 40 pc, 75 pc,
are for the K, Y)-plane, the lower panels show the distributioand 30 pc away from Trumpler 14, respectively. According to
in the RG, Z)-plane, where RG is the Galactocentric radiugdel’nik & Efremoy (1995), there is an OB-association Car 1 F

Asterisks mark the location of stars, the circles repreiemt at about 65 pc from Trumpler 14. Probably, this neighbouchoo

clusters; their radii are defined as fresent-dayidal radii de- has had impact on the fate of Trumpler 14.

termined in Piskunov et al. (2008a). The left columns shaav th

location at present; the second, third, and forth columisvsh

the locations 2 Myr, 5.5 Myr, and 10 Myr ago, respectively-3-2. HD 14633 and ASCC 8

The dashed_curves in these_ panels delineate the stellds orﬂough presently HD 14633 is @t~ —670 pc, about 9 Myr
computed with the back-tracing procedure from presentéo tggo this star was located near the Galactic plane between the
f:orresponding timéindicated on the top. Note that Cyg OB Z%Iusters NGC 869 (h Per) and NGC 884Rer), i.e. within a
Ir? ﬁ?_ﬂg;rggﬁ r:nio Myr, and therefore does not appear in treE(\:lion wellknown as the then very active star formationaagi

9 ' Per OB 1. About 3.5 Myr later this place was also the birth-
place of an open cluster, ASCC 8 (Ibg 6.76). In Fig. 9 we
show the location of these three clusters (NGC 869, NGC 884,

As we note in Sec. 3 and show in Fig. 2, there is, ahSCC 8) as it is now and as it was in the past.

though with a slightly smaller kinematic probability, ahet According to the tidal radii determined in_Piskunov €t al.
acceptable solution for HD 201345 suggesting an ejectam fr (50084), NGC 869 and NGC 884 are the largest clusters in the
NGC 6871 about 6.5 Myr ago. Also for HD 189957, a secoRghole COCD cluster sample. Moreover, their tidal spheres ar
acceptable solution turned out to be possible (an eject@n f oyerjapping, and some concentration of stars above the back
NGC 6871 with the parametetlgy, = 1964 pclenc= 7.1 MYT,  ground is observed in this overlapping zone. Based on com-
denc = 3.5 pc, puin = 0.84). Since the time of their closestyon proper motions, an open cluster (ASCC 8) was identified
approach with NGC 6871 is comparable with the time whe{yre (Kharchenko et Al. 2005b), with an age of about 5.8 Myr.
NGC 6871 passed the birth place of Cyg OB 2, one may suspejyiously, such a location of a cluster does not present d goo
that this event was the reason for the ejection of HD 2013¢fance for a long life. From the back-tracing computations,
and HD 189957 from a region in between NGC 6871 anfree O-stars marked as field in the GOSV2 came from the
Cyg OB 2. region occupied now by ASCC 8: HD 14947 - 1.2 Myr ago,
HD 17603 - 7.3 Myr ago, and HD 14633 - 9.2 Myr ago. Two
other field stars, HD 12993 and HD 13022, had their origins in
NGC 884 and NGC 869, respectively. Note that the final solu-
The majority of O-stars in our sample is located within 200 p@n for a given star and its host is selected from all acddpta
from the Galactic plane. However, there are five stars wiiolutions flenc < 10 pc) to have the smallest encounter distance
a present-day location aZ| > 400 pc. These stars eitherdenc at the highest kinematic probabilityi,. This approach is
had relative velocities at the moment of encounter (ejagtigustified if possible hosts (i.e. open clusters) are sepdrhy
larger than 100 kris (HD 116852, HD 157857) or they leftdistances which are considerably larger than their sizeis T
their cluster counterparts more than 9 Myr ago (HD 146313, the usual case. However, the example considered presents
HD 105056, HD 175754). Below, we consider two examplean exception from the rule. Here the distances between clus-
HD 116852 and HD 14633, which have the largest distandes centres are comparable to their tidal radii. Therefece,

5.3. O-stars at large distances from the Galactic plane
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"N A tions and very young (embedded) clusters, as we stressed in

] Sec. 2.1. Provided that this assumption is correct, one dvoul
expect about 20% of field O-stars having their origins in ¢hes
kinds of objects. To answer the question with certainty, how
ever, more accurate data on the distances and kinematics of
I associations and embedded clusters are required.
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Fig.9. Spatial distribution of the field O-stars (1: HD 14633, | this paper we have followed the dynamical history of
2: HD 17603, 3: HD 14947, 4: HD 12993, 5: HD 13022), ang_stars that left the groups where they originated in. Wedea
of the open clusters NGC 869, NGC 884, ASCC 8. The leflyen the physical mechanisms which are behind these events.
panelis for theX, Y)-plane, whereas right panel shows the dis- £4 73 oyt of 93 O-stars considered, we found accept-
tribution in the RG, Z)-plane, RG is the Galactocentric radiusyp|e sojutions indicating that the present-day data arsison
Asterisks mark the present-day location of the stars, eS| oy \ith the assumption that these O-stars were ejected fro
are for the clusters: solid curves for the present-day lonat young open clusters or protoclusters during the past 10 Myr.
and dash-dot-dot-curves for the past. Their radii are define,. 5osy2 catalogue counts 370 O-stars, for 265 of which
by the present-daytidal radii determined in_Piskunov et al'the origin is given in that catalogue. We were able to add 73

(20082). The dashed and dotted curves show the orbits of 3,6 cases to the list. For 32 stars (or 9%) we could not prove
stars and clusters, respectively, computed with the bieekrty o origin in groups.

procedure. The crosses mark the places where the starsencou In this paper we have dealt with aspects of the earlv phases
tered their hosts. Negative numbers in the left panel esghes . pap P yp

N : . n the life of open clusters. O-stars are best suited asrsace
time in Myr when th? corresponding events happengd (in O.rﬁjthis early-phase evolution because of their short iifieet In
not to overload the figure, the numbers are omitted in thet ri r sample of 161 young open clusters (agd Myr) from the
panel). COCD there are 55 (ot 35%) that have O-stars as members
(Kharchenko et al. 2005a,b), 23 of these have already last on
lutions with denc > 10 pc can be considered, too. For exan® more O-stars in their history. Another 24 (or 15%) of the
ple, HD 12993 could have been ejected from NGC 869 abdu@CD clusters had relations to O-stars in the past 10 Myts, bu
0.8 Myr ago when the star was 50 pc away from the cluster do not contain O-stars at present. For 82 (51%) young chister
centre. In this special case, we prefer a more general statemwWe cannot prove a relation to presently living O-stars. &ith
the observational data for these five field O-stars are cemsis their most massive member is a main sequence star of spectral
with the claim that they originated in Per OB 1. type later than O, or it is a former O-star which has already
evolved. Of the 47 clusters that have lost at least one Qvstar
) . find 14 that are so young that O-star and cluster should ajread
6. Stars without solutions have separated in the protocluster phase.
Summing up the statistics above, the following picture

For 73 out of 105 O-stars with assignmentsfasld stars emerges. Fifty percent of the clusters being able to survive
in the GOSV2 we could trace back their origins and found tfiee infant-mortality phase are so massive that they comtain
corresponding host clusters or protoclusters. Twelvestauld contained O-stars. These O-stars have not been able to de-
not be treated by our method, because no radial velocities wetroy the cluster. This, in parts, answers the questiondasie
available for them. For another twenty, we could not find a sbada & Lada (2003): Do the progenitors of bound open clus-
lution, i.e. they could not be associated with any of theteltss ters ever contain O-stars? Yes, they did.
of our sample in the past 10 million years. This negative find- The fact, that we could not trace back 9% of all O-stars
ing, however, should not be interpreted as a proof that thdsgm the GOSV2, does not necessarily mean that “isolated
O-stars have formed in isolation. O-star formation” is possible. Their known astrophysicatiad

We could not find a parameter or parameters which diglistance, velocities) may be incorrect or our list of pblesi
tinguish these stars from the other field O-stars which had b@st candidates may be incomplete. On the other hand, we can
acceptable solution. Both groups cover a similar range of dpterpret our result - no solution for 20 out of 93 stars - ds fo
parent magnitudes, and they are comparable in the digtibutlows: there is an upper bound of slightly more than 20% of O-
of the mean errors of their kinematic components. Of courssiars which could have destroyed their family of brothers an
one cannot exclude that a few of them have a true distargisters with which they may have formed together.
modulus difering from the spectroscopic estimates by more It has been shown by Piskunov et al. (2008b) that classical
than two magnitudes, afa their true velocity components(gravitationally bound) open clusters in the Milky Way ex®|
are outside the intervals checked with the backward praeedwdue to stellar and dynamical evolution as well as due to eater
Nevertheless, a more important aspect seems to be that menturbations. They are losing stellar mass during thee-li
sample of potential host clusters is not complete for associime at an average rate of 3 to My/Myr. In this paper we
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determined the mass loss rate of young open clusters due tdk@archenko, N. V., Piskunov, A. E., Roser, S., Schilbach, E
stars alone to be 3 toM,/Myr in the first few million years of & Scholz, R.-D. 2005b, A&A, 440, 403
their existence. Kharchenko, N. V., Scholz, R.-D., Piskunov, A. E., Roser, S
As a by-product, we find new distances and absolute mag<& Schilbach, E. 2007, Astronomische Nachrichten, 328, 889
nitudes for 73 O-stars. These indicate that the calibration Kroupa, P. & Boily, C. M. 2002, MNRAS, 336, 1188
absolute magnitudes of O-stars should be revised. Their &odritzki, R. P., Simon, K. P., & Hamann, W.-R. 1983, A&A,
solute magnitudes are systematically fainter by about @.3 t 118, 245
0.8 mag compared to the calibrations/by Garmany & Stendedda, C. J. & Lada, E. A. 2003, ARA&A, 41, 57
(1992), Walborn|(1972), or Schmidt-Kaler (1982). This wbulLindblad, B. 1959, Handbuch der Physik, 53, 21
be consistent with the re-calibration of the absolute magieis Maiz-Apellaniz, J., Walborn, N. R., Galué, A., & Wei, L. H.
of early B-type stars by Kaltcheva (1999) using Hipparcos 2004, ApJS, 151, 103
trigonometric parallaxes. Mel'nik, A. M. & Efremov, Y. N. 1995, Astronomy Letters, 21,
We have also shown th&tPup, the closest O-star fromthe 10
Sun, left the young open cluster Trumpler 10 some 2.5 Myigeckel, T., Klare, G., & Sarcander, M. 1980, A&AS, 42, 251
ago. Its present-day distance from the Sun of 300 pc is camp#&liskunov, A. E., Kharchenko, N. V., Roser, S., Schilbach, E
ble with the new Hipparcos distance from van Leeuwen (2007).& Scholz, R.-D. 2006, A&A, 445, 545
This implies a radius of 1&,, a mass of 22.5/,, and a lumi- Piskunov, A. E., Schilbach, E., Kharchenko, N. V., Roser, S
nosity of log_/L, of 5.74 forZ Pup, i.e. the values are consid- & Scholz, R.-D. 2008a, A&A, 477, 165
erably smaller than assumed before. Piskunov, A. E., Kharchenko, N. V., Schilbach, E., et al. 200
A&A (accepted)
AcknowledgementswWe are grateful to Nina Kharchenko, AnatolyRoser, S., Schilbach, E., Schwan, H., et al. 2008, A&A (ac-
Piskunov and Hans Zinnecker for fruitful discussions on shasstar cepted)
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Table 2. Results of the back-tracing calculations
HD Sp. type Cluster name ldgti  dayn tenc denc AVekne My [min, max] pxin COmments
[pc] [Myr] [pc] [km/s] [mag]

1337 09.01N NGC 957 6.84 1911 85 39 75.7 -6.0[-6.4,-5.8].540
10125 09.711 IC 1590 6.84 2300 49 6.1 78.5 -5.3[-5.6,-5.0]810
12323 09.0V ASCC 9 6.79 2890 6.7 4.6 46.8 -4.0[-4.1,-3.5] 70.9
12993 06.5V NGC 884 7.10 2074 43 0.3 61.2 -4.0[-4.2,-3.6]710.
13022 O9.51-1II NGC 869 7.28 1948 83 26 17.2 -4.3[-4.71}4 0.88
13745 09.71l NGC 663 7.14 2035 47 25 50.5 -4.9[-5.2,-4.6]800
14434 0O5.5V ASCC 9 6.79 3062 59 55 34.0 -5.2[-5.5,-4.9] 10.8
14442 0O5.0V ASCC 9 6.79 2912 39 34 40.9 -5.2[-5.4,-4.8] 40.9
14633 08.0V ASCC 8 6.76 2151 9.2 3.8 76.5 -4.5[-4.6,-4.0] 90.81)
14947 0O5.01 ASCC 8 6.76 2177 1.2 8.8 32.1 -5.8[-6.1,-5.5] 70.7
15137 0O9.51-1I NGC 957 6.84 1784 58 24 279 -4.3[-4.5913 0.92
16691 04.01 ASCC 9 6.79 2901 1.1 6.8 43.3 -5.8[-6.1,-5.5] 50.5
17603 0O7.51b ASCC 8 6.76 2272 73 1.2 26.5 -6.1[-6.3,-5.7]970.
39680 06.0V NGC 2169 6.89 1354 9.1 55 35.2 -3.6[-3.8,-3.2]840
41997 O7.5V Collinder 89 7.50 723 28 24 44.4 -2.7[-3.06}2.0.63
44811 O7.0V NGC 2129 7.08 1582 95 8.9 18.3 -3.7[-4.0,-3.4]510
52266 09.01V Collinder 106 6.74 1388 104 19 343 -4.3[4348] 0.55
52533 09.5V Collinder 106 6.74 1831 10.0 3.8 349 -42[84] 0.86
57236 08.0V NGC 2414 6.94 2432 9.1 54 62.3 -4.6[-4.8,-4.2]840
66811 04.01 Trumpler 10 6.95 297 25 14 51.0 -5.2[-5.3,]-4.0.94 (1)
69464 06.51b ASCC 45 7.12 3001 0.1 0.8 11.4 -5.2[-5.6,-4.9]780 (2)
75222 09.7 lab Collinder 205 7.03 1735 6.6 1.1 62.8 -5.6[-®@] 0.97 (1)
76968 09.71b ASCC 45 7.12 2682 106 4.1 81.2 -5.9[-6.5,-5.8]86
89137 09.51 Loden 306 6.76 2026 9.1 31 45.6 -4.3[-4.8]3.0.91
91651 09.0V Trumpler 14 6.67 2720 16 23 46.3 -4.2[-4.3]-3.0.91
93632 O5.01lI Trumpler 14 6.67 2731 31 6.0 12.3 -5.6[-53]1} 0.74
94963 0O6.51lI IC 2581 7.22 2504 87 6.5 27.8 -5.1[-5.6,-5.@.81
96917 08.5I1b Collinder 228 6.68 1991 31 1.9 55,5 -55[-%7] 0.84
96946 06.0V vdBergh-Hagen 121  6.64 2738 41 7.8 49.2 -5.3[-8.8] 0.70
97848 08.0V NGC 3324 6.72 2329 40 8.8 48.0 -4.0[-4.1,-3.5]900

104565 09.7 la ASCC 75 6.65 2839 47 3.2 148.0 -5.1[-5.2]-4®.72
104649 095V NGC 3572 6.88 1948 58 2.2 40.2 -4.4[-4.6,-4.0]93
105056 09.7 la Ruprecht 94 7.19 3304 9.0 3.8 474 -58[-6.4]- 0.64 (1)
105627 09.01l-1ll Loden 821 7.29 2885 65 75 70.8 -4.8[;5437] 0.68
112244 08.51ab Feinstein 1 6.97 1391 88 3.2 453 -6.0[-6.8] 0.83
116852 09.01ll Trumpler 14 6.67 2475 6.0 27 179.6 -4.1[-43%6] 0.67 (1)
117856 09.51ll Loden 694 7.38 1750 100 5.2 17.4 -5.0[-3®] 0.51
120521 08.01b Loden 821 7.29 2890 78 1.8 26.5 -5.0[-5.8]-40.80
120678 08.0111 Loden 821 7.29 2864 59 15 39.8 -5.2[-5.8]-50.84
123008 09.71b Loden 821 7.29 2875 69 14 51.0 -5.1[-5.6]-50.66
123056 09.5V Loden 694 7.38 1577 101 3.1 28,5 -3.9[-4.3]-30.83
125206 0951V NGC 5606 6.84 2054 7.2 3.6 41.1 -5.2[-5.5]-4.0.68
135240 O7.51 ASCC 79 6.86 809 22 06 5.2 -5.0[-5.3,-4.7]1730 (3)
135591 O7.511 ASCC 79 6.86 796 03 14 17.1 -4.6[-4.8,-4.7.74 (3)
148546 09.0la ASCC 88 7.17 1453 88 57 55.4 -4.7[-5.0,-48]73 (1)
153426 0O9.01l-ll Hogg 22 6.70 1694 81 99 55.4 -49[-545] 0.91
153919 06.51a NGC 6231 6.81 1034 51 11 48.8 -5.1[-5.4]-40.82
154368 09.5lab Sco OB4 6.82 1082 47 53 11.2 -6.3[-6.6]-6M65
154643 09.5111 ASCC 88 7.17 1908 14 23 20.3 -5.6[-6.1,}-5.6.85
154811 09.7 lab vdBergh-Hagen 205 7.12 2019 82 27 35.1 [-®& -6.2] 0.96
156212 09.7 lab Trumpler 28 6.89 992 70 4.0 53.5 -45[-41]- 093 (1)
157857 0O6.51ll NGC 6611 6.72 1854 3.8 26 1135 -4.9[-5.5]-4 0.68 (1)
158186 09.5V Sco OB4 6.82 1254 56 1.2 30.3 -4.4[-4.6,-4.0]820
161853 08.0V Trumpler 28 6.89 1241 50 2.6 25.4 -4.1[-4.3]-30.68
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Table 2. continued.

166734 0O7.01b NGC 6604 6.64 1661 3.0 25 224 -6.7[-7.0]-6@.65
169515 09.71b Markarian 38 6.95 1794 89 43 377 -6.1[-63] 0.54
169582 06.01 NGC 6604 6.64 1565 55 3.2 28.5 -4.9[-5.0,-4.0]57
171589 0O7.011 NGC 6618 6.78 1934 33 15 63.2 -4.9[-5.1]-4.6.96
175754 08.011 ASCC 93 7.22 2586 10.3 4.9 64.8 -5.3[-5.8]-5.0.47
175876 06.51l1 NGC 6618 6.78 1922 55 438 61.7 -5.0[-5.51]-4.0.88
188001 O7.5I1a Roslund 2 6.89 2022 27 25 70.3 -6.0[-6.4]-50.79 (1)
188209 09.51ab NGC 6871 6.99 1705 109 7.3 33.7 -5.9[-6.4]-50.57
189957 09.511 Cyg OB2 6.72 1858 59 31 67.7 -4.4[-4.6,}4.0.87 (1)
192281 O0O5.0V NGC 6913 7.12 1081 24 1.2 35.5 -4.5[-4.8,-4.2]80
195592 09.7 la NGC 6913 7.12 1132 29 6.3 40.3 -6.3[-6.9]-6@R79
198846 09.0V Cyg OB2 6.72 1427 1.9 3.7 106.6 -4.1[-4.3,-3.0]81 (1)
201345 09.0V Cyg OB2 6.72 1739 58 15 65.6 -4.0[-4.1,-3.5]990
203064 O7.51 Collinder 419 6.85 631 65 1.3 269 -48[;544] 0.87 (1)
218915 09.51ab ASCC 120 7.08 2369 58 4.3 54.7 -5.4[-5.8]-50.72 (1)
303492 09.0la Loden 153 6.74 2714 15 26 79.3 -5.8[-6.5]-50.71
305523 09.01l ASCC 65 7.09 3532 75 6.3 27.8 -5.3[-5.7,-5.0181
305532 06.0V ASCC 65 7.09 3448 36 6.7 58.0 -4.3[-4.6,-4.0]800
305539 O7.0V Trumpler 14 6.67 2752 14 1.3 21.3 -4.1[-4.1]-30.83
Comments:

(1) - runaway O-stars accordinglto Sota etlal. (2007)
(2) - member of the ASCC 45 cluster according to Kharchenkd ¢2005b)
(3) - member of the ASCC 79 cluster according to Kharchenlad ¢2005Db)
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