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ABSTRACT

Context. Establishing the multiplicity of O-type stars is the firsegttowards accurately determining their stellar pararseter
Moreover, the distribution of the orbital parameters pdeg observational clues to the way that O-type stars formtarnhde in-
teractions during their evolution.

Aims. Our objective is to constrain the multiplicity of a sample®type stars belonging to poorly investigated OB assamiatin the
Cygnus complex and for the first time to provide orbital pagters for binaries identified in our sample. Such infornraisorelevant

to addressing the issue of the binarity in the context of @etgtar formation scenarios.

Methods. We performed a long-term spectroscopic survey of ninetedpp® stars. We searched for radial velocity variations to
unveil binaries on timescales from a few days up to a few yeershe basis of a large set of optical spectra.

Results. We confirm the binarity for four objects: HD 193443, HD 22898 229234 and HD 194649. We derive for the first time
the orbital solutions of three systems, and we confirm theegbf the fourth, showing that these four systems all habvigabperiods
shorter than 10 days. Besides these results, we also detertakobjects that show non-periodic line profile variasion some of
their spectral lines. These variations mainly occur in fexsral lines, that are generallffected by the stellar wind and are not likely
to be related to binarity.

Conclusions. The minimal binary fraction in our sample is estimated to b&o2but it varies from one OB association to the next.
Indeed, 3 O stars of our sample out of 9 (33%) belonging to (g @re binary systems, 0% (0 out of 4) in Cyg OB3, 0% (0 out of
3) in Cyg OB8, and 33% (1 out of 3) in Cyg OB9. Our spectroscapiestigation also stresses the absence of long-periddrags
among the stars in our sample. This result contrasts witltdise of the O-type stellar population in NGC 2244 among which
object showed radial velocity variations on short timessaHowever, we show that it is probably dfeet of the sample and that this
difference does not a priori suggest a somewtgmint star forming process in these two environments.

Key words. Stars: early-type - Stars: binaries: spectroscopic - Ohestars and associations: individual: Cygnus OB1 - Opestehs
and associations: individual: Cygnus OB3 - Open clustetlsaasociations: individual: Cygnus OB8 - Open clusters asd@ations:
individual: Cygnus OB9

1. Introduction ders our knowledge of massive stars still fragmentary. ldi-ad
o . . tion, the distribution of orbital parameters allows us teegin-
Thet.mlu.IUlec(;t.y Otf r?asswde statlrs g_onszlr':utes ot?e ?f themess  qjont into other avertions such as whether the binary fraci
sential ingredients for understanding these objectsblisting 1, 7qjve stars can be related to the stellar density (Penaly et
it is the f|rsf[ step In obtal_r_ung valua_lble_physmal paramterlg%; Garcia & Mermilliod 2001). The orbital parameters of
:#chtasththelr n;a;_sses, radléhandfltjhmmosmes. Tr;e _bmamlz qmultiple systems can thus provide important clues to the con
ects he evolutionary patns of thé components In SUCh SYgeqns prevailing in the birthplace during their formatior to

tems In comparison to single stars through phenomena, S“CZ dynamical interations that occur during the earlieses of
tidal interations or Roche lobe overflows (Sana & Evans 2013 oir e\olution. Several studies have already been pegdrim
Knowing this multiplicity also allows us to be more accurate g0 oscopy to determine the binary fraction of O-typessia

th_e v_v|nd parameters, _espemally the mass-!os_s rates, tiean- nearby young open clusters (see e.g., Sana & Evans 2011, and
trinsic X-ray luminosities. Moreover, the distributiontfe or- - ofeences therein). All these analyses revealed an aeizig

bital parameters for the massive systems provides us with v fraction of about 445% (Sana & Evans 2011). However, to
ditional information on the way that massive close binaaes investigate such a large parameter space, it is necesseoyto

formed. : : . ;
Many different scenarios for the formation of these objecgnaiOztggzl?bsspeégagmsrﬁgP(I)?#;fﬁggg gsglrlti/lr;esrg;ﬂ:gg;

have been proposed (see Zinnecker & Yorke 2007, for a COMaiz-Apellaniz et al. 2004; Mason et al. 2009), or adapéat
plete review), but none of them totally explains what hapegics (Turner et al. 2008). Indeed, all these large surgexe
during their formation or during its earliest stages. Thes-r the advantages of better statistics whilst the surveystddvo
Send offprint requests to: L. Mahy young open clusters or OB associations allow more homoge-
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neous stellar populations to be investigated as noted byrikim was not yet subject to a detailed spectroscopic study, éxeep

& Kobulnicky (2012).

HD 229234. We will also include other stars already known as

The Cygnus area is an active star-forming region in thHenaries in the discussions on the binary fraction in tHeedent
Milky Way. Its relative proximity (07 — 2.5 kpc, Uyaniker et al. Cygnus OB associations. Moreover, the majority of the dbjec

2001) makes this region suitable for studying stellar papoihs

investigated in the present paper were poorly observeeipdst

and star formation processes (see Reipurth & Schneider, 200tinly due to the high extinction towards the Cygnus region.
for a review). The Cygnus constellation harbours nine OB atbis context, this paper (the first of a series of two) aimssat e
sociations and at least a dozen of young open clusters. To hablishing the multiplicity as well as the spectral classifion of

ter constrain the environment of the Cygnus region, Figpt rethese stars. This analysis focuses on other regions in theGy
resents a schematic view with the locations, in galactia-co@omplex than the large survey of Kiminki et al. (2012, and the
dinates, of the dferent OB associations and of several youngubsequent papers) which was devoted to the Cyg OB2 associa-
open clusters. The central association Cyg OB2 is certdivdy tion. Therefore, this analysis can thus be seen as a compteme
most famous and one of the youngest of the Cygnus regitmthe study of the binary fraction in Cygnus region.

with Cyg OB8. To be more accurate, Cyg OB2 has in fact been The present paper is organized as follows. The observing
shown to possibly have two populations with ages ef25 and campaign is described in Sect. 2. The binary status of the ista

5 Myrs (Wright et al. 2010), whilst the O stars seem to belonmur sample is discussed in the next four sections accorditiget

to a younger population, possibly aged about 2 Myrs (Hansdifferent OB associations. Section 3 is devoted to O-type stars i
2003). In its surroundings, the associations Cyg OB1, Cy§,OBhe Cyg OB1 association, Sect. 4 to these objects in Cyg OB3,
CygOB7 and Cyg OB9 are older with ages of about 7.5, 8.3gct. 5 to Cyg OB8, and Sect. 6 to Cyg OB9. Finally, Sect. 7 dis-
13.0 and 8.0 Myrs, respectively (Uyaniker et al. 2001). Tgtou cusses the observational biases and the binary fractiormgha
the Cygnus region is rich in O-type stars, its heavy absonptidetermine whilst Sect. 8 summarizes our results.

prevents one from obtaining a better estimate of the stetlpu-
lation even though about 100 hot stars are expected in Cyg OR1
Cyg OB8 and Cyg OB9 together (Mel'Nik & Efremov 1995) an

. Observations and binary criteria

about 100 O-stars are expected only in the Cyg OB2 assoqieriving the binary fraction of a given population requiees

tion (Knodlseder et al. 2002; Comeron et al. 2002). Howeventense survey of the stars but also a good time samplingrte co
the membership of certain massive stars to a given clus@s-or strain the short- as well as the long-period systems. Thisimo
sociation is sometimes not clearly defined due to the contplextoring has to be as homogeneous as possible because cognbinin
of this area. Recent investigation of the multiplicity of ss&e data from the literature may provide erroneous resultseend
stars in Cyg OB2 association performed by Kiminki et al. (201 the literature (especially the older papers) often doespetify

and subsequent papers) has shown that the hard minimuny bing{ which spectral line the radial velocities (RVs) were meed.
fraction for the massive stars in this association is etgohat Therefore, |arge dierences can be observed between RVs mea-
21%. Such an investigation for the massive star populationdured on two dferent lines of a presumably single star. This
the other OB associations in the Cygnus complex is curreng¥n lead to some overdeterminations of the spectroscamicyoi

lacking.
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fraction as notably observed in Garcia & Mermilliod (206dr)

the young open cluster IC 1805 (Rauw & De Becker 2004; De
Becker et al. 2006; Hillwig et al. 2006). Moreover, it is intpamt

to keep in mind the possible observational biases that earept

the detection of a binary system. Therefore, stars for whizh
evidence of binarity is found can never be definitely conside

as single. Even if no RV shift is detected, the system could be
seen under a particular orientation, have a very long pesiod
perhaps a high eccentricity, thereby making the RV vanegtio
not significant over a long timescale.

We performed a spectroscopic survey spread over three years
(from 2008 to 2011) of all the nineteen stars of our sample,
except for HD 194280 which was observed between 2004 and
2007 (see Table 1). This selection of stars however cotesitu
another observational bias because we limited our obsensat
to stars bright enough to yield good quality data with expesu
times not longer than one hour with 1.5 or 2- meter class tele-

clusters in the Cygnus region.

towards the Cygnus region, the present monitoring of O-type
stars (among which some could also be member of multiple sys-
tems) is far from being complete. Nevertheless, we coltkete

We have undertaken a long-term spectroscopic survey s#t of 274 spectra for these nineteen stars by using three dif
nineteen O-type stars sampled over foufatient OB associa- ferent instruments. Table 1 lists the stars and the parasete
tions (Cyg OB1, Cyg OB3, Cyg OB8 and Cyg OB9) as well athe observing runs. Table 2, available electronicallyegithe
in several young open clusters belonging to these assmusatiHeliocentric Julian Dates (HIJD) and the RVs measured on dif-
(e.g., Berkeley 86, NGC 6871, NGC 6913,...). Their memhprsterent spectral lines for all the observations. For the Sia2 s

to a given association or cluster is established on the ba#ie

tems, the RVs refined by cross-correlation are also provied

catalogue of Humphreys (1978). However, many other O-typige latter table as in the following of the present paper, iID
stars belong to these associations but we only focus on thegeressed in format HID2 450 000 for readability. Our dataset
targets because they are relatively bright and their bistatus thus allowed us to study the RV and line profile variationsia t
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observed spectra over short- (a few days) and long-termafa fim anti-phase with those of the main star is observed. Maeov
years) timescales. if in the cases where significant variations of the RVs are-mea
A first part of our dataset was obtained with the Aurélisured on all the spectral lines without any periodic motibe,
spectrograph at the 1.52m telescope at Observatoire deeHaabject will be labelled as a “binary candidate”. Finally, aiso
Provence (OHP, France). The spectra are obtained with brresoalculate the Temporal Variance Spectrum (TVS, Fullertaai.e
ing power of abouR = 9000, they are centred on 4650 A and996) to search for line profile variations. The TVS provides
cover wavelengths between 4450 A and 4900 A. However, fgpantitative information of the temporal variability ase€tion
some spectra of HD 193443, another configuration of thetinst©f the wavelength. If the variations exceed the thresholdare
ment was chosen. In this case, the resolving power was eqfigAgct the null hypothesis of non-variability of the spattines.
to R = 12000, these spectra are centred on 4550 A and C&Igpen such variations are detected &k the line profiles, the
4450 to 4650 A. Typical exposure times between 25 and 60 miy.> May then be considered as an additional indicator ofimult
yielded spectra with a signal-to-noise ratio larger thafl &§ plicity and, in thls case, the star is repor’Fed as binary ke,
measured in the continuum close to 4800 A. The data reduction The SB2 binary systems detected in the present work are

procedure, performed with the MIDAS software, is descrilmed analysed as follows. After having measur_ed the RVs O.f both
Rauw & D’e Becker (2004) ' components, we use these values as an input of our disentan-

Another part of the data was collected with the ESPRES jng programme. Th_is programme is based on the Gonzal_ez &
spectrograph mounted on the 2.12m telescope at Obsewvat %vatlo (2006) t?l:)hn;]que and it allows dus to f(_:omﬂuteR\t/hebmdl-
A ; ) - ; . __Vidual spectra of both components, and to refine the RVs by ap-
As;ropomlco Nacional of San P_edro Martir (SPM) in Mex'coplying apcross-correlation tgchnique. Itis thus possibletttainy P
This echelle spectrograph provides spectra spread over-27 re reliable RVs at phases where the spectral lines arélyeav
ders, covering a wavelength domain between 3780 A and 695@}&

h ral Vi &= 18000 Tvoical nded. The cross-correlation windows used for the RVreete
With a Spectral resolving power & = - 1YPICAl EXPOSUTE \inations generally gather the strongest helium lines @4d'1,

times ranged from 1510 30 ”.“”- We combinec_zl thg consecutiyg , 4542, Har 4686 and He 4713) for both components. With
exposures of an object in a given night to obtain signalds@ .o (efined RVs, we then apply the Heck-Manfroid-Mersch

ratios close to 150. As a result, our time series did not alisw method (hereafter HMM, Heck et al. 1985, revised by Gosset
to investigate RV variations with timescales shorter thady, . 2001) to the time series Vs B RVp to determine the

which is not a problem for multiplicity investigations apigally rbital period of the system. The d-error-bar on the period

the ihorlte,st tF;]e_réofjs for mlf:\js_swel starbs_talr € Ionget( than r2n|e estimated by assuming an uncertainty on the frequency of
(as Kepler's third law would imply orbital separations stea he peak associated to the orbital period equal to 10% of the

than the radii of the components for such short periods). TRgy a1 width of the peaks in the Fourier power spectrum.(e.g
data were reduced using the échelle package availablenlit Av ~ (10ATw)t, whereATy is the time elapsed between the

MIDAS software. irst and the last observations of our campaign). The orpé#al

We also retrieved eight spectra taken before 2008 from g js then used to determine the orbital solution of thetesys
Elodie archives to complete our dataset. Elodie was anlleqh% pplying the Liége Orbital Solution Package (LOBHo fin-
spectrograph, mounted at the 1.93m telescope at OHP, with,§{ 1 o analysis of the systems, we estimate, from the spectr

orders in the [3850- 6850] A spectral domain and a resolving:|assification of each component, the spectroscopic brégist
power ofR = 42 000. . _ ratio of the system. For that purpose, we compute the meias rat
We fit one or two Gaussian profiles on several strong sp&gatween the observed equivalent widths (EWs) and the “canon
tral lines to estimate the RVs of the stars when the line @filica)” Ews for stars with same spectral classifications asg¢ho
were not too much broadened by rotation. For the rapid re#ateyf the components of binary systems. These “canonical’aslu
(vsini > 300 km s*), we used a synthetic line profile broadzre taken from Conti & Alschuler (1971) and Conti (1973). In
ened with the projected rotational velocity of the star t@sere  qgition, we associate these values to EWs measured from syn
the Doppler shifts by least square. This RV analysis is peréul  thetic spectra of stars having also similar spectral diassions.
by using the rest wavelengths quoted by Conti et al. (1977) fphe 14 error-bar given on the brightness ratio corresponds to
the [4000- 5000] A wavelength domain and Underhill (1994}he dispersions of the ratios measured on each spectraTfiie
for wavelengths above 5000 A. The common wavelength regibrightness ratio is essential to correct the disentangledtsa in
between the majority of the data is [4458900] A. In this spec- order that they are comparable to those of single stars.
tral band, some interstellar lines exist but they are nfitgantly Finally, for all the O-type stars of our sample, we also de-
strong and narrow to use them as indicators of the RV uncertaiive their spectral type. For that, we use the quantitatiiteria
ties. Our previous experience with the same spectrograaes (of Conti & Alschuler (1971), Conti (1973) and Mathys (1988,
Mabhy et al. 2009) showed that a standard deviation on the R¥889). These criteria rely on the EW ratio of diagnostic dine
of about 7- 8 km s is commonly achieved with these specThese EWs are measured on the highest signal-to-noise spec-
tra. We therefore consider the RV changes as significant whea of each objects. We adopt, in the present paper, theafollo
the standard deviations computed from the RV measuremeinkg usual notations: oy’ = log(EWa471) — l0g(EWis4y) for
reach at least this value. For rapid rotators, we considanths the spectral type, lo@g/” = log(EWao0s9) — l0g(EW4143) and
variable if standard deviations of at least 15 km are deter- logW”" = log(EWaags) + l0g(EWaege) for the luminosity class.
mined. We stress that the threshold value for the rapidorsat However, the loyV” criterion is restricted to O # O 9.7 stars
has been increased relative to Mahy et al. (2009) because whslst the logW” can only be used for 08 097 stars. To
present data are slightly noisier. As a consequence, wedmns be applicable, this last criterion requires that the starsibgle
in the present paper, that a star is an SB1 binary system R¢he
variations are significant (i.e., the standard deviatioati®ast 1 Thjs program, maintained by H. Sana, is available at
larger than 7-8 km s* for the slow and mid rotators and at leashttpymww.science.uva.pthsandosp.html and is based on the
15 km s'* for rapid rotators) and periodic. We are dealing with ageneralization of the SB1 method of Wolfe et al. (1967) to3B& case
SB2 if the signature of a companion whose spectral lines moaleng the lines described in Rauw et al. (2000) and Sana 046).
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or that the brightness ratio between both components beknow
The uncertainties on the spectral type determination anerge
ally of about one temperature and luminosity class. To cetepl
this classification, we also use the “f tag” notation presdrity
Walborn (1971) and the subsequent papers.
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Table 1. List of stars investigated in this stud§T corresponds to the time elapsed between the first and theldsstvation of an observing run

and is expressed in days, and N represents the number ofsfrotach star.

Stars Cyg Obs. run Instrument Wavelength domainAT N
HD 193443 CygOB1 Aug.2004  OHP - Elogle93m [3850- 6850]A - 1
Aug. 2005  OHP - Elodid.93m [3850- 6850]A - 1
Sep.2008  OHP - Aurélig.52m [4450- 4900]A 7.06 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 317 3
Dec. 2009  OHP - Aurélj@.52m [4450- 4650]A 298 3
Jun.2010  OHP - Auréljé.52m [4450- 4900]A  19.98 13
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 594 7
Dec.2010  OHP - Aurélj@.52m [4450- 4650]A 400 5
HD 193514 CygOB1 Aug.2004  OHP - Elogle93m [3850- 6850]A - 1
Aug. 2005  OHP - Elodid.93m [3850- 6850]A - 1
Sep.2008  OHP - Aurélig.52m [4450- 4900]A 717 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 407 5
Jun. 2009  SPM - Espreg@al2m [3780- 6950]A - 1
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A 583 6
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 493 4
HD 193595 CygOB1 Sep.2008 OHP - Aurélies2m [4450- 4900]A 713 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 114 2
Jun. 2009 SPM - Espreg2ol2m [3780- 6950]A - 1
Aug. 2010  OHP - Aurélid.52m [4450- 4900]A 400 2
HD 193682 CygOB1 Sep.2008 OHP - Aurélies2m [4450- 4900]A 7.02 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 1.06 2
Jun. 2009  SPM - Espreg€al2m [3780- 6950]A - 1
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A - 1
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 298 2
HD194094 CygOB1 Jun.2009 SPM - Esprg&@st2m [3780- 6950]A 393 2
Aug. 2010  OHP - Aurélif.52m [4450- 4900]A 494 2
Sep. 2011 SPM - Espreg&dl2m [3780- 6950]A - 1
HD 194280 CygOB1 Oct.2004  OHP - Aurgtie52m [4450- 4900]A 405 3
Jun. 2005  OHP - Auréljé.52m [4450- 4900]A 8.03 7
Sep. 2006  OHP - Aurélig.52m [4450- 4900]A 407 8
Oct. 2006  OHP - Aurélid.52m [4450- 4900]A - 1
Nov. 2007  OHP - Aurélid.52m [4450- 4900]A  26.95 23
HD228841 CygOB1 Sep.2008 OHP - Aurélies2m [4450- 4900]A 6.08 3
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Jun. 2009  SPM - Espreg@ol2m [3780- 6950]A - 1
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A - 1
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 318 2
HD228989 CygOB1 Aug.2009 SPM - Espreg&sh2m [3780- 6950]A 080 2
Jul. 2010  SPM - Espres&l12m [3780- 6950]A - 1
Aug. 2010  OHP - Aurélif.52m [4450- 4900]A 513 5
Jun.2011  SPM - Espreg€ol2m [3780- 6950]A 394 5
Sep. 2011 SPM - Espreg&dl2m [3780- 6950]A 1.98 5
HD229234 CygOB1 Sep.2008 OHP - Aurélies2m [4450- 4900]A 1.06 2
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 1.82 2
Jun. 2009 SPM - Espreg2ol2m [3780- 6950]A - 1
Aug. 2009 SPM - Espresshl12m [3780- 6950]A 0.96 2
Jun. 2010  OHP - Aurélj@.52m [4450- 4900]A 6.06 4
Jul. 2010  SPM - Espres&l12m [3780- 6950]A 1.06 2
Aug. 2010  OHP - Aurélid.52m [4450- 4900]A 586 6
HD 190864 CygOB3 Aug.2001  OHP - Elogle93m [3850- 6850]A - 1
Sep.2008  OHP - Aurélig.52m [4450- 4900]A 705 5
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 325 3
Jun. 2009  SPM - Espregol2m [3780- 6950]A 591 2
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A 1.00 2
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 400 4
HD227018 CygOB3 Sep.2008 OHP - Aurélies2m [4450- 4900]A 7.05 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A 402 4
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 202 2
HD227245 CygOB3 Aug.2009 SPM - Espre&st2m [3780- 6950]A 086 2
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Stars Cyg Obs. run Instrument Wavelength domainAT N
Jun.2011  SPM - Espreg@ol2m [3780- 6950]A 381 3
HD227757 CygOB3 Jun.2009 SPM - Esprg@st?m [3780- 6950]A 498 2
Jul. 2010  SPM - Espres12m [3780- 6950]A - 1
Jun. 2011 SPM - Espreg2ol2m [3780- 6950]A 3.94 3
HD 191423 CygOB8 Aug.2004  OHP - Elogle93m [3850- 6850]A - 1
Sep.2008  OHP - Aurélig.52m [4450- 4900]A 7.09 4
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Jun. 2009 SPM - Espreg2ol2m [3780- 6950]A - 1
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 317 2
HD191978 CygOB8 Aug.2001  OHP - Elogle93m [3850- 6850]A 1.05 2
Sep.2008  OHP - Aurélig.52m [4450- 4900]A 594 3
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Jun. 2009  SPM - Espregol2m [3780- 6950]A 892 2
Aug. 2010  OHP - Aurélif.52m [4450- 4900]A 411 3
HD 193117 CygOB8 Sep.2008  OHP - Aurélies2m [4450- 4900]A 6.82 3
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Jun. 2009 SPM - Espreg2ol2m [3780- 6950]A 5.05 2
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 320 2
HD 194334 CygOB9 Sep.2008 OHP - Aurélies2m [4450- 4900]A 6.75 2
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Jun. 2009 SPM - Espreg2ol2m [3780- 6950]A - 1
Aug. 2009 SPM - Espresshl12m [3780- 6950]A 0.87 2
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A 1.07 2
Jul. 2010  SPM - Espres&l12m [3780- 6950]A 1.03 2
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 387 1
HD 194649 CygOB9 Jun.2009 SPM - Esprg&@st?m [3780- 6950]A - 1
Aug. 2009 SPM - Espresgh12m [3780- 6950]A - 1
Jun.2010  OHP - Aurélj@.52m [4450- 4900]A 595 3
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 213 2
Jun.2011  SPM - Espregal2m [3780- 6950]A 393 5
Sep. 2011 SPM - Espreg&dl2m [3780- 6950]A 398 5
HD 195213 CygOB9 Sep.2008 OHP - Aurélies2m [4450- 4900]A 6.96 3
Oct. 2008  OHP - Aurélid.52m [4450- 4900]A - 1
Aug. 2009 SPM - Espresfhl12m [3780- 6950]A 0.96 2
Jun. 2010  OHP - Aurélj@.52m [4450- 4900]A - 1
Jul. 2010  SPM - Espres12m [3780- 6950]A - 1
Aug. 2010  OHP - Aurélig.52m [4450- 4900]A 491 2
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3246.4777

3. O-type stars in the Cyg OB1 association 3

3600.3544

%

3.1. Gravitationally bound systems

4711.3500

3.1.1. HD 193443 25

4718.4113

Reported as binary by Muller (1954), this star has never been
target of an intense spectroscopic monitoring. Therefuwegr-
bital solution is known for the system nor are there spectes-
sifications for the components. We acquired thirty-sevetsp

of HD 193443 from Aug 2004 (HJE 32464777) to Dec 2010
(HJD = 55432387). These data reveal a periodic variation of the
line profiles, clearly visible in the He4471 and He 4713 lines.
Even though the signature of the secondary is detectedytak s
RV separation between both components prevents us from com- L
pletely resolving the individual line profiles througholutorbit.
The secondary’s lines are thus never totally separatedtfiose b
of the primary even for the helium lines or the metallic lirzss

it is shown in the upper panel of Fig. 2.

The analysis of the SB2 system is performed as explained in L
Section 2. However, the Gaussian fit is made on the bottom of [° °
the absorption lines of the primary component. At the maximu 0 °
of the RV separation, we also fit a second profile to determine
the RVs of the secondary. The HMM technique measured on the
RVs refined by the disentangling programme yields a period of
7.467+0.003 days. From this period, we compute the orbital pa-
rameters of HD 193443 listed in Table 3 and the best fit of the RV
curves, shown in Fig. 2, is obtained for a non-zero eccetytric

The study of the disentangled spectra of HD 193443 shows
that the Har 4542 line is present but is weak for both compo-
nents relative to the Het471 line. This indicates two late O-type
stars. We compute, from the observed spectralNog- 0.321
and logWw’ = 0.483 for the primary and the secondary, respec-
tively, thereby corresponding to respective subtypes ofaD@® T
09.5. However, our dataset does not allow us to constrailuthe 10 0 05 i
minosity classes of these stars. Indeed, the majority oflata Phase (¢)
does not cover the 8i 4089 and He 4143 lines. Moreover, for
those that do, the RV separation is iffizient to resolve with ac- Fig. 2. Top: Her 4471, Her 4542, Her 4686, Ha 4713 line profiles
curacy the signature of the secondary component and thos-to of HD 193443 at dierent epochsBottom: RV curves of HD 193443
rectly fit it with Gaussian profiles. To determine the brigiga computed for a period of 7.467 days. Filled circles represenprimary
ratio, we measure the EWs of the H&471, 4713 and He 4542 RVs whilst the open circles correspond to the secondary.
lines of the disentangled and observed spectra at the maximu
of separation and we compare these values with those of Conti

& Alschuler (1971) for stars of the same spectral types ahk bot__. : :
components. Moreover, we also measure the EWs of the aboyation between I5and 19. Therefore, we consider that the in-

; ; ; ; [ination of the system is very low and probably ranges betwe
guoted lines on synthetic spectra with the same spectr':'adelelaC .
fications as explained in Section 2. Even though the Iumiylosfls and 22. From the formula of Eggleton (1983), we compute

class is unknown for both components of HD 193443, the lind2€ Projected Roche lobe radRRL sini) of 8.3 R and 56 Re

that we selected for this computation are only slightlieeted
by the luminosity class of the stars. Therefore, we decidake ‘ N R N R
into account the “canonical” EWs of all the stars with oniysi r S 7
lar subtypes. The ratios of these values provide a brightrat® !
of about 39 + 0.4 between the primary and the secondary com-
ponents. The disentangled spectra, corrected from thbthegs
ratio, are shown in Fig. 3.

The properties of both components thus show two stars Withé
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relatively close spectral types but with large mass anchimigss .2 o8 i i
ratios. This indicates that the primary is rather evolvddtige L

to the secondary. First, we assume that HD 193443 is either an 4500 4600 4700 4800
O9lll+09.5V or an O 90 9.5l1l system. In the former case, A[R]

the comparison between the minimum masses and the values

quoted in Martins et al. (2005, 24, and 16M,, for the primary Fig. 3. Disentangled spectra of the two components of HD 193443. The
and the secondary, respectively) suggests an inclinatitwsd®n spectra are normalized accounting for the optical brigsgmatio of 3.9.

17 and 22. In the latter case, we obtain, from masses estimat&tle secondary spectrum is vertically shifted for clarity.

to 30 M, for the primary and 2Mg, for the secondary, an incli-



Table 2. Journal of the spectroscopic observations of the O-typs.stae first column gives the HID at mid-exposure. The fdhovecolumns provide, for each spectral line, the measures (RV
km s1). The full table is available at the CDS.

HD 190864
HJD Her 4471 Hen4542 Nm4634 Nm4641 Hei4686 Ha4713 Hab5876 Nab5889 Na 5895 Disent
-2450000 [kms!'] [kms?] [kms?'] [kms?Y  [kms?] [kms?Y [kms?'] [kms?'] [kms?] [kms]
2134.4733 -13.0 -5.2 -19.3 -26.3 -4.9 -18.6 -13.9 -19.1 -18.3 -
4711.3132 -16.4 -7.7 -23.4 -29.5 11.6 -20.9 - - - -
4712.3000 -15.5 -4.3 -20.5 -24.8 134 -11.9 - - - -
4712.3111 -13.7 -7.2 -30.3 -24.2 18.0 -15.7 - - - -
4717.2954 -16.0 -6.9 -18.9 -28.4 17.1 -16.6 - - - -
4718.3637 -15.9 -3.9 -19.7 -35.9 13.4 -14.2 - - - -
4740.2629 -15.8 -8.5 -20.5 -30.9 10.9 -18.3 - - - -
4741.3195 -11.0 -5.1 -18.1 -28.3 11.7 -9.6 - - - -
4743.5116 -12.2 -6.5 -15.7 -28.2 13.0 -13.2 - - - -
4982.8779 -20.7 -9.2 -28.3 -62.0 -35 -25.4 -13.3 -20.1 -18.6 -
4988.7847 -16.1 -0.8 -10.6 -32.4 -27.7 - -19.7 -18.4 -18.5 -
5355.4081 -17.0 -4.0 -16.2 -25.1 1.0 -16.1 - - - -
5356.4053 -14.3 -7.2 -17.3 -34.0 -1.2 -14.1 - - - -
5415.3437 -14.0 -5.2 -21.6 -29.5 4.5 -14.8 - - - -
5416.3784 -18.8 -10.9 -25.0 -33.6 -7.0 -20.2 - - - -
5417.3323 -185 -8.2 -24.3 -34.4 7.6 -16.9 - - - -
5419.3479 -13.8 -7.1 -20.4 -30.7 0.4 -16.9 - - - -
HD 227018
4711.3323 12.7 23.3 - - 24.4 15.0 - - - -
4712.3346 20.2 23.8 - - 27.6 21.1 - - - -
4717.3188 16.0 20.9 - - 25.3 15.0 - - - -
4718.3862 16.4 225 - - 23.6 13.6 - - - -
4740.2871 12.1 15.3 - - 20.6 13.4 - - - -
4741.3477 12.0 15.8 - - 16.8 —_ - - - -
4742.2887 11.9 19.5 - - 22.7 16.4 - - - -
4744.3032 15.6 21.6 - - 22.8 13.0 - - - -
5417.3604 18.2 26.2 - - 271 17.0 - - - -
5419.3755 20.8 27.7 - - 26.7 24.5 - - - -

suonelnosse go snubAH noponeindod Jeys adAl-O Jo uonoely Areuiq ayy e 18 Aye ‘1
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for the primary and the secondary components. These vaiues i N I g, ] 67248620
dicate Roche lobe radii between R2 and 32R,, for the primary ] I P,
and between 1R, and 22R, for the secondary. In both cases, 25 e W

the secondary (which would have a radius d®yor 13R, de- — by O7E6B119
pending on the case) and the primary (with a radius between m | ; | 57278026
13 R, and 22R;) would not fill their Roche lobe. Secondly, if 1 W

the stellar classifications were O 9l for the primary and (¥9.5 P P i

for the secondary, the values of the inclination would bé est
mated between Fmand 2%, thereby implying Roche lobe radii
between 2R, and 32R,, for the primary and 1&; and 22R,

(RO 5813.6612

WM 5813.8953

B

G

SEpEpasty

Normalized flux

for the secondary. In this case, the primary could fill its Roc Lt i, | s 08146656
lobe. At this stage and for the other SB2 systems, it is impor- 1 WW Lo | | 58146840
tant to note that the analysis of the orbital parameters had t W : ] il
estimation of the inclination of the SB2 systems are only enad Ry sy ik oo 5010.6406
to give a first idea of the geometry of the systems. However, W I ] ‘ o]
we must be careful on the information provided here. Indeed, b d bl L N

4470 4540 4680 4710 4720

the masses given in the tables of Martins et al. (2005) are sta
dard values that also depend on other parameters such as e.g.
logg, Tes andor log(L/Ls). The values quoted in these tables T ST
can thus be dierent from the real parameters of both compo- 200 2
nents. Therefore, it is common that the mass ratios computed i
from these standard values do not correspond to the real mass i
ratios determined from the orbital solutions. 100

3.1.2. HD 228989

Located in the Berkeley 86 young open cluster (Forbes 1981),
this star was quoted as an O 9B 9.5 binary system by Massey i
et al. (1995). However, no orbital solution of this objectswaet 100
determined. i

We collected eighteen observations of this object between i
Aug 2009 (HIJD = 50499519) and Sep 2011 (HJD= ~200
58156460). These data clearly reveal, as it is shown in the up- L e
per panel of Fig. 4, a binary system composed of two stars with 0 0.5 1
rather similar spectral classifications. Our analysis efréfined Phase (4)
RVs gives an orbital period of 1.77352 days. We compute from
this value the orbital parameters reported in Table 3. Wees hawig. 4. Top: Her 4471, Hear 4542, Her 4686, Ha 4713 line profiles
computed two orbital solutions: an eccentric and a circlae  at different epochsBottom: RV curves of HD 228989 computed from
rms being smaller for the circular orbit, we decide to fix thBon = 1.77352 days. Filled circles represent the primary whilst the
eccentricity to zero. The RV curves computed with LOSP afPen circles correspond to the secondary.
shown in the lower panel of Fig. 4. As suggested from the disen
tangled spectra and the mass ratio, the two components seem t
be quite close to each other in terms of the physical pragerti
From the raw (i.e., not corrected by the brightness ratis¢mt
tangled spectra and the observed spectra, we determineadpec
types of 0 8.5 (loyv' = 0.238) and 0 9.7 (logv' = 0.791) for
the primary and the secondary components, respectived1n
dition, we obtain, on the most deblended spectra, for thragomy
logW” = 0.027 and for the secondary I8¢’ = 0.104, sug-
gesting a main-sequence luminosity class for both compsnen
Knowing the spectral classifications of these two stars, sve e
timate a brightness ratio of aboul+ 0.1, the primary being
slightly brighter than its companion. This brightnessaatbu-
pled with the luminosities listed in tables of Martins et(@005) Fig, 5. Disentangled spectra of the two components of HD 228989. The
seem to agree with the luminosity classes of both componenjsectra are normalized accounting for a brightness ratlabfThe sec-
Finally, we display in Fig. 5 the disentangled spectra aig@ ondary spectrum is vertically shifted for clarity.
for the relative brightness.

The comparison between the minimum masses and the
masses published by Martins et al. (2005,M9 and< 17 Mg
for the primary and the secondary, respectively) suggésts tmula (1983), we estimat@RL sini of about 57 R, and 53 R,
the system would have an inclination betweefi 42d 50. We for the primary and the secondary components. From the-incli
stress however that the O 9.7 subtype is not included in tile tanation range estimated from the masses, we compute a Roche
of Martins et al. (2005). Therefore, we consider the valfds® lobe radius betweenZ R, and 84 R, for the primary and be-
0 9.5 subtype as an upper limit. On the basis of Eggleton’s faween 70 R, and 80 R, for the secondary. Such values seem to

RV (km s-1)

Normalized flux
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indicate that both components are very close to fill theiri®Roc ~ We also derive, for the main component of this SB1 system,
lobe (standard radii are of 7R, and< 7.2 R, for the primary an O 9lll classification from the @ierent EW ratios lodV' =

and the secondary, respectively). 0.372, logWw” = 0.280 and logV"” = 5.325. This spectral
type appears to be in agreement with thi#edent classifications
found in the literature. Unlike Massey et al. (1995), ousssla
3.1.3. HD 229234 fication is not only based on a visual comparison with spectra
Quoted as belonging to NGC6913 (Humphreys 1978)f the atlas of Walborn & Fitzpatrick (1990), but also rela@s

HD 229234 was classified as an O9If star by Massey et guantitative values.

(1995) whilst Negueruela (2004) reported an O 9l clasdifica  From the mass of the primary (22+ 3.0 M, Martins et al.

and Morgan et al. (1955) reported this star as O 9.5l11. Previ 2005) and thefmass value given in Table 3, we determine, as
investigations of Liu et al. (1989) and Boeche et al. (20a4) p minimum mass for the secondary component of the system, a
posed this star to be a binary system with an orbital period ¢#lue of about 3 + 0.3 Me.

3.5105 days. In addition, Boeche et al. (2004) published the
first SB1 orbital solution for this star. This SB1 binary st
was moreover confirmed by a recent analysis of Malchenko &
Tarasov (2009).
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5421.4347 Fig. 7. RV curve of HD 229234 computed from,p= 3.510595 days.

4710 3.2. Presumably single stars

Fig. 6. Short-term variations of the H&471, Ha1 4542, Hear 4686 and 3.2.1. HD 193514
He1 4713 line profiles of HD 229234. The rest wavelengths aregi¥e  Thijs star was classified as O 7Ib(f) by Repolust et al. (2004).
the dashed lines. These authors also reported on a weak emission in the4686
line profile. Changes from day to day were already observed by
Underhill (1995) in the K profile. However, none of these au-
We obtained nineteen spectra of HD 229234 between Siyors did attribute these variations to a binary nature.
2008 (HID= 47173892) and Aug 2010 (HJDB- 54214347). The twenty-two spectra of HD 193514 taken from Aug 2004
This object obviously displays significant variations is RVs (HJD = 32465202) to Aug 2010 (HJD= 542Q04585) do not
on a short timescale. Fig. 6 shows the Doppler shifts of sgveconfirm any significant RV variations. The upper parts of Big.
spectral lines for six consecutive nights. The periodiciomois  show that the Doppler shifts of the spectral lines are raghvedl
clearly visible for all the spectral lines. The mean radigbei- (undetectable by eye) on several (short and long) timescale
ties RVs) + the standard deviation computed from the RVs aM/e indeed determin®vVs = -180 + 52, -7.0 + 5.0 and
-8.7+ 338,49+ 344,17+ 365 and-6.5+ 340 km st for -156+ 5.0 km s for the Her 4471, Har 4542 and He 4713
the He1 4471, Hai 4542, Har 4686 and He4713 lines, respec- lines. In the lower parts of Fig. 8, we show the TVS computed
tively. No SB2 signature was found in the optical data. We désr these diferent spectral lines. The variations above the dot-
termine on the basis of the HMM technique an orbital period ¢dd lines are considered as significant under a significaaves |
3.510595+ 0.000245 days, agreeing with the previous estimate$ 1%. Therefore, we see that the TVS of the H4542 and
of Liu et al. (1989) and Boeche et al. (2004). The parameterstbe Her 4713 line profiles do not show any substantial varia-
the SB1 orbital solution are listed in Table 3 and the RV cusvetions, though the He4471 and especially the He4686 lines
displayed in Fig. 7. These parameters are globally clodeaset do. However, since this variability is not detected on &l line
obtained by Boeche et al. (2004). With the absence of urinertaprofiles, we conclude that it is unlikely to be due to binahtit
ties in the orbital solution given by these authors, the camspn rather arises in the stellar wind itself. However, we do reteh
remains however dicult. The main derence is regardless ob-enough échelle spectra to characterize the changes edpyt
served inTg value because of aftierent definition of the phase Underhill (1995) in the line profile of k. We therefore consider
¢ =0.0. HD 193514 as a presumably single star.
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Fig.8. The He1 4471, Ha1 4542, Hen 4686 and He 4713 line profiles
of HD 193514 according to HID. The rest wavelengths are diyethe
dashed lines. At the bottom, TVS of each spectral line coagbérom
the Aurélie data. The dotted line illustrates the 1% sigaifice level
for the variability evaluated following the approach of ledion et al.
(1996).

Fig.9. Same as Fig. 8 but for HD 193595.

From the &chelle spectra, we determine\dg= 0.014 and line profiles, indicating a rather large projected rotagioreloc-
logW” = 0.253, yielding for HD 193514 a spectral type O 7-ity. We determine from the I_:qurier transform methpd of_Simé
07.5 and a luminosity class similar to a giant (Ill). The sgo Diaz & Herrero (2007) arsini = 150 km s* for this object.

N m 4634—41 lines coupled with the He4686 line (for which This moderately fast rotation yields broader lines thatipoe

the emission component is similar to the absorption one) sdgrger uncertainties on their centroid and hence pooreu-acc

gest an (f) sffix, which agrees with a giant luminosity classfacy of the RVs. However, we do not perform a least-square

Therefore, we classify HD 193514 as an O 7-0 7.5 lII(f) star. fit with a synthetic profile broadened by rotation to deternin
the RVs of this star because the shapes of the strongest lines
are still Gaussian. We determi®/s of about-486 + 113,

3.2.2. HD193595 ~397+7.7and-55.1+111 km s for the Her 4471, Her 4542

HD 193595 is located in the Berkeley 86 young open clustépd Heu 4686 lines, respectively. Such a highridispersion is
(Massey et al. 1995). Classified as an O 6V (Garmany & VacBgobably due to the line broadening rather than to binaryanot
1991), this object was poorly investigated in terms of RV. because this RV dispersion is smaller on the strongestrspect
We measure the RVs on nine spectra taken &edint lines. Furthermore, we do not detect any secondary sigmatur
epochs, between Sep 2008 (H3D47113816) and Aug 2010 in the observed spectra nor any change of the line width as a
(HID = 54214977). These data reveal rather constant Rgnction of time, as it is shown in the upper panels of Fig. 10.
for this starRVS = —137 « 2.2, -8.1+ 2.8, —45 + 2.6 and 'ndeed, we see from this figure that the spectral lines have al
—125+ 1.7 km s for the He 4471, Ha1 4542, Heai1 4686 and Ways their centre at the same side of the dashed lines, which

Her 4713 lines, respectively. We detect, as shown in the lowiPresent the rest wavelengths. We compute the TVS for these
panels of Fig. 9, low amplitude variations (at a significalevel spectral lines (lower panels of Fig. 10) and we find a signifi-
of 1%) only in the TVS spectrum of the H&471 line. The re- cant (although weak) variation in the line profile of 114686, a

sults of the TVS associated to the RV measurements thus sedtfctral line generallyfeected by strong stellar winds. We can-
to imply that the observed variations are probably not dusi-to not consider these changes as due to binarity because they ar

narity. By assuming a single status for this object, we @efor not detected in all the spectral lines, notably in ther 4471
HD 193595 an O 7V stellar classification (ld¢ = —’0.036 and @and the Her 4542 lines, which suggest that these variations are
logW” = 0.052). probably intrinsic to the stellar wind rather than attriie to a

putative companion.

We then calculate, from the He4471-Har 4542 ratio,
logW’ = —0.514, corresponding to an O 5 subtype. Furthermore,
This star is the hottest object in our sample. HD 193682 seelvalborn’s criterion suggests to add a (ffi&, indicating a mod-
to have a spectral type oscillating between O5 (Hiltner 1956rate emission for the i 4634-41 lines and a moderate absorp-
and O4 (O4lli(f), Garmany & Vacca 1991). We obtained tetion for the Hen 4686 line, similar to giant (Ill) stars. To sum-
spectra of this object between Sep 2008 (HIB7114038) and marize, we classify HD 193682 as an O 511I(f) star. This spct
Aug 2010 (HID= 54185280). These data show rather broadlassification is similar to those found in the literature.

3.2.3. HD 193682

11
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Fig. 10. Same as Fig. 8 but for HD 193682. Fig. 11. The Her 4471, Han 4542, Her 4686 and He4713 line profiles
of HD 194094.
3.2.4. HD 194094 FITTTTTITTIITY] [T e [CTTOT 50680 4693
f\f\//\\/ )\/JVLNL
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During our spectroscopic campaign, HD 194094 was only ob- |
served 5 times: twice in Jun 2009, twice in Aug 2010 and once
in Sep 2011. These data however allow us to investigate RY var
ations on timescales from one week to one year. These five spec
tra do not exhibit any evidence of a putative companion ot suc
timescales nor any periodic motion relative to the rest wave
lengths (dashed lines in Fig. 11). We measure the RVs on the
Her 4471, Her 4542, Har 4686 and He 4713 lines, reporting
RVs=-182+39,-113+3.8,-9.7+8.9and-13.9+6.1 kms?,
respectively. The standard deviations on these measutsinen
dicate that HD 194094 is probably single and that the RV vari-
ations detected on the He4686 line are likely due to a vari-
able stellar wind. However, unlike the stars previouslylssed, 1
the Aurélie data for HD 194094 are notfBaiently numerous
nor suficiently spread over the entire campaign to compute the
TVS. We also cannot include the SPM data in the computatior o015 E
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of the TVS, as we would need to convolve the data so thatthey? %515 "~ 3 F 5 ¢ ENY E

all have the same resolution. Indeed, unlike HD 46150 in Mahy 44‘70 4 B 45‘40 e

et al. (2009), we do not have, in the [445@900] A wavelength AA]

domain, diagnostic lines similar to the interstellariNiaes at

5890 A and 5896 A to compare the convolved spectra. Fig. 12. Sample of spectra taken from the entire dataset. This figure i

Finally, by assuming that this object is single, we consimilar to Fig. 8 but for HD 194280.
pute, from an échelle spectrum of HD 194094,Vgg= 0.232,
logW” = 0.174 and log\"” = 5.204, yielding an O 8.5III star.
This spectral type is slightly earlier than reported in fterature
(Oalll, Hiltner 1956). However, the error-bars on the deter We obtained forty-two spectra of this target with the Aigél
nation of the spectral type do not allow us to claim that the nespectrograph in the [4450 4900] A wavelength domain be-
classification is significantly dierent from the older ones. tween Oct 2004 (HJD= 32863646) and Nov 2007 (HJD=
44232513). The spectral lines sampled ovdtatient timescales
are displayed in the upper panels of Fig. 12. This figure shows
3:2.5. HD 194280 that the Doppler shifts of the lines are small, which is conéd
Presented as a prototype of the OC 9.7lab class, HD 194280 byptheRVs. These values for the Hd471, Hen 4542, Har 4686
pears to be a carbon-rich star with a depletion in nitrogesy(Gand Ha 4713 lines are indeed equalt@4.9+4.2,-116+ 7.6,
1973; Walborn & Howarth 2000). According to these authors;5.4 + 5.0 and-17.1 + 4.8 km s!, respectively, suggesting that
the profiles of He 5876 and K would indicate that the stellar this star is presumably single. From theiH&71-Har 4542 ra-
wind is weak. tio, we obtain log\' = 0.742, which agrees with the O 9.7 sub-
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type. Furthermore, the object presents strong line-preéitéa- already determined by Massey et al. (1995). We stress haweve
tions notably in the He4471 line. The results of the TVS arethat logW” could not be estimated given the broadness of the
shown in the lower panels of Fig. 12. Since the profile of thees and thus the severe blend of thev31089 line with H.

Hen 4686 line does not appear in emission and since the profiles
of the Her 5876 and K lines did not seem to indicate strong . .
stellar wind (Goy 1973), these variations are unlikely dae ¢ O-type stars in the Cyg OB3 association
the wind. Therefore, another possible explanation forstiisng 4.1, presumably single stars

variability in Her 4471 could be pulsations.
4.1.1. HD 190864

3.2.6. HD 228841 Quoted as belonging to NGC6871 (Humphreys 1978),
_ _ ) HD 190864 is one of the brightest O-type stars of Cyg OB3. The
Massey et al. (1995) located this object in the Berkeley &ectral classifications derived for this object range betwO 6
young open cluster, along with HD 193595 and HD 228989. Thigjjjtner 1956) and O 7 (Conti & Leep 1974) but agree on a gi-
star was successively classified as O 7V((f)) and O 6.5Vn((Bnt luminosity class. Previous investigations (e.g., kiti924)
by Massey et al. (1995) and Sota et al. (2011, and referenggted this star as SB1 but no solution for its orbital motion
therein). has been published. Meisel (1968) listed this star as viso
Eight optical spectra were collected from Sep 2008 (RD pe star witham = 0.5 (O 6+B 0.5Vp). Although these authors
47123982) to Aug 2010 (HID= 54185980), mainly in the gid not mention the angular separation, an B 0.5Vp spegtpal t
[4450 - 4490] A range. The spectra show broad lines whicgould match with the spectral type of HD 227586 located’at 1
means that HD 228841 is likely a rapid rotator. We indeed s&fsm HD 190864. More recently, Garmany & Stencel (1992) at-
in the upper panels of Fig. 13, that the spectral line widéhs rtributed to HD 190864 a spectral type of B4D 6.5l1I(f), as-
main constant as a function of time, which does not seem dgning it an SB2 status. However, it is possible that thelB 11
support the presence of a secondary component. Therefere,cdmponent is the visual component reported by Meisel (1968)
determine from the Fourier transform method of Simonz#&a Indeed, the latter author also mentioned that the estinfateso
Herrero (2007) the projected rotational velocity of ther.stde  Juminosity class of the B component was uncertain and could
obtain a value of 317 knT$. The mean RVs determined by leastpe higher, thereby could be attributed to the B 1ll component
square fit between a rotation profile and the spectral linesiat of Garmany & Stencel (1992). From seven observations spread
toRVs = —484+8.9,-255+6.5and-44.9+253km s forthe over two years, Underhill (1995) did however not detect any
Her 4471, Har 4542 and He4713 lines, respectively. Given thesignificant RV variations. According to this author, it is-un
vsini, the standard deviations generally smaller than 15 &Kim dikely that the diference between the projected rotational ve-
favour a single status for this object. In addition, the ations locity given by Conti & Ebbets (1977, 69 knT and that of
in the line profiles computed with the TVS (see the lower panaHerrero et al. (1992, 105 knry is due to a possible vary-
of Fig. 13) are not significant, which agrees with the presbigna ing blend of the profiles of two putative components but rathe
single status for HD 228841. The high dispersion detected f@eems to originate from an emission componentin some absorp
the Het 4713 line is probably due to the weakness of this line.tion lines.
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Fig. 13. Same as Fig. 8 but for HD 228841. Fig.14. Same as Fig. 8 but for HD 190864

We then derive the spectral type of this star from Conti's cri  We obtained seventeen spectra between Aug 2001 (HJD
terion. logW’ is equal to-0.011, which indicates an O 7 star, a21344733) and Aug 2010 (HJB= 54193479). This dataset
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does not show any significant RV changes, except for ti@ suffix. Therefore, we derive that the spectral classification for
Hen 4686 line. The mean RV and the standard deviation meldb 190864 is O 6.5111(f).

sured on this line are indeed & = 4.6 + 115 km st

whilst the other values derived on the H&471, Har 4542 and

Her 4713 lines amount t®Vs = —155 + 2.5, -6.3+ 2.4 and 4-1-2. HD227018

~165 + 3.8 km s, respectively. Since our observations coverocated at about.2° south-west of HD 190864, HD 227018 is
both short and long timescales, we can exclude that HD 1908Ggher faint = 8.98) for our survey. While its spectral type is
is a binary system with an orbital period shorter than ab6003 rg|atively well known (O 6.5-0 7), its luminosity class isqty
days. From an intense survey devoted to HD 190864, we ha(hstrained. Indeed, Herrero et al. (1992) quoted thisastamn

never detected the signature of a putative companion. If@an ¢ o g 51| while Massey et al. (1995) attributed it an O 7V((f)
ponent was present in the spectrum of HD 190864, we sho%e_

see it. According to Schmidt-Kaler (1982), a B0.5V or a B 1l
component should be only 6 times fainter than an O 6.511té) s

and the mass ratio should be between 1 and 4. Therefore, such oxp AL o I Lt R W 4711.3323
a component should be visible in the observed spectra, vidich W W W - .
not the case. It is thus unlikely that thefférence between the W”\\;/W | ) oy TR
two values ofvsini, given by Conti et al. (1977) and Herrero 2o A o Vo] vl w 4r17.3188
et al. (1992), originates from binarity. Furthermore, if a@n- W W L AR -
sider that the RV published by Conti et ak1(5.3 km s1, 1977) ‘ ‘ ‘ ey 4718.3862
was measured on a hiéne, this could constitute an additional W W i o0 Vo ara0 2871
. . . . v 2 W
clue that the star is presumably single. This thus revealsnth E W mvh I A I A
portance of a homogeneous dataset to study the binarydnacti  — ‘ i, ‘ b ] 47413477
of massive star populations (as mentioned in Sect. 2). g W W"” C W .
é 1o Wi Wﬁﬁj L oL b 4744.3032
T T 7 T T 7 T T T T 1 E W f‘/v\‘\\//»/\i [ : 7 W V
| | | |
1 N — | 5417.3604
é L B 1W vwvﬂ i [ ] MYW 5419.3755
g 0.9 r i W w L : | W
,—O " I - r 1 I 1T 1T |
508 | E = aoos ] i bt i
é L i 4470 4540 4680 4710
o r 7 A[4]
= 0.7 [ i
0.015 E e } E Fig. 16. Same as Fig. 8 but for HD 227018.
S 001 - =
@ E’”””W """ PR f\nfﬁj”“"”'."'i'ﬁ\,”,;””*wz Between Sep and Oct 2008, we collected eight spectra with
oo e S e g T ke, /e ) . .
= 0.005 g iy WY the Aurélie spectrograph and we increased our dataset with
ot Lo L g two additional spectra taken in August 2010 with the same in-
4840 4850 4860 4870 4880 strument. The measurements of the RVs reveal rather cdnstan
X values withRVs = 156 + 3.4, 217 + 4.0, 238 + 3.3 and
ALA] 166 + 3.9 km s* for the Her 4471, Hen 4542, Hen 4686 and

: Her 4713 lines, respectively. We see from the upper panels of
Fig.15. Mean spectrum and TVS of HD 190864 computed from the. ’ . : !
Aurélie data of the | line. The dotted line illustrates the 1% sig-&'g' 16 tha_t the Doppler shifts of the spectral lines aretialty
nificance level for the variability evaluated following tapproach of Small relative to the rest wavelengths. Moreover, the TV&sp

Fullerton et al. (1996). tra (lower panels of Fig. 16) only exhibit small variationsthe
Her 4471 line at the limit of being significant while the other
lines are relatively stable, thereby indicating that HDQ@2F is

Though no signature of a secondary companion is foundRfesumably single. In order to derive the spectral type @f th

the HD 190864 spectrum, the TVS analysis reveals significafi@r, we compute, from the HeHen ratio, logW’” = -0.201

variations of some line profiles, mainly in the red wings a# thwhich corresponds to an O 6.5 star. We add the ((fjisuem-

Hen 4686 and 18 lines (lower panels of Figs. 14, and Fig. 15). I{niscent of a main-sequence star because the object shoaks we

is however unlikely that these variations are due to thetemge N 4634-41 emissions and strong ié686 absorption lines.

of a secondary star. If that was the case, the variabilittepat Therefore, we classify this star as O 6.5V((f)).

should be once again observed in all the spectral lines which

clearly not the case. Therefore, we classify this objectras P41.3 HD 227245

sumably single.

Finally, we derive from Conti’s criterion a spectral cldssi HD 227245 is known as an O 7V (Garmany & Vacca 1991) but
cation of 06.5 (logV' = —0.193), consistent with the previousits multiplicity has never been investigated until now. frtive
estimates. The presence of moderate emission in thetb34— observations taken between Aug 2009 (H330498148) and

41 lines and a rather weak Het686 line suggest to add theJun 2011 (HID= 57277497), we determin&Vs = 5.9 + 5.4,

14



L. Mahy et al.: The binary fraction of O-type star populatiarfour Cygnus OB associations

)] 4983.8996

9.8+ 3.9,108+ 6.2 and 60 + 7.3 for the Ha 4471, Har 4542,
Hen 4686 and He 4713 lines, respectively. Figure 17 shows
these spectral lines atftiérent HID. We stress that a normaliza-
tion problem occurs at HIB 5723.9405 for the He4471 line
but it does not fiect the determination of the RV for this line.
The standard deviations computed from the RVs are not consid
ered significant because they are generally smaller (eXoept
Her 4713) than the 7 8 km s threshold defined as our vari-
ability criterion. The exception for the H&713 line can be ex-
plained by the weakness of this line and the signal-to-naite

of the data. HD 227245 is thus considered as presumablyesing|

4988.8797

5724.8037

5726.7373

Normalized flux

T
5049.8148 5728.7408

5050.6777

5723.9405

Fig.18. The He1 4471, Heair 4542, Hen 4686 and He4713 line profiles
of HD 227757.

5725.7942

Normalized flux

& Fitzpatrick 1990) later than O 7. Due to the late subtype and
the smallvsini of the star ¢ 45 km s?), we can clearly dis-
tinguish an Qr line blended with the He4471 line. By re-
moving the contribution of the former line (i.e., by fitting/a
Gaussian profiles, one on theu@ine and one on the Hdine),

we measure logy’ = 0.332, corresponding to an O9 star. We
also obtain logv” = 0.081 and log\"”” = 5.485 which indi-
cate a main-sequence luminosity class (V). Therefore, ag-cl

Fig. 17. The Her 4471, Har 4542, Her 4686 and He 4713 line profiles  Sify HD 227757 as O 9V.
of HD 227245.

5727.7497

5. O-type stars in the Cyg OB8 association

The spectrum of HD 227245 exhibits Heslightly weaker 5.1. Presumably single stars
than He, indicating a mid O-type star. We obtain g =
—0.034 and logN” = 0.218, corresponding to a spectral typels'l'l' HD 191423
O 71ll. However, the weak Ni 463441 lines coupled with a Better known under the name of Howarth’s star, HD 191423
strong Her 4686 line suggest an ((f)) fix, indicating rather a js the fastest rotator known to date among Galactic O stars
main-sequence luminosity class. Thigfeience could come ei- and it was quoted as the prototype of the ONn stars (nitrogen-
ther from the definition of the continuum level in the normall  rich O star with broad diuse lines, Walborn 2003). Its pro-
spectra or because Conti’s criterion is barely applicablthis jected rotational velocity was estimated to be around 408¥m
spectral type. Therefore, we classify HD 227245 as an O 7Ye.g., Penny & Gies 2009 computedvaini in the range of
[1((f)) star. This spectral classification is in agreemeiith that  [336— 436] km s1).
given by Garmany & Vacca (1991). We obtained nine spectra of this star between Aug 2004
(HID = 32473339) and Aug 2010 (HJB 54215876). From
4.1.4. HD 227757 the Fourier_tranjsfprm method cln‘ _Simén—Diaz & Herrero (2no

we determine/sini = 410 km s+, in good agreement with pre-
HD 227757 ¥ = 9.25) was reported by Garmany & StenceVious estimates. Moreover, we see in the time series of the-sp
(1992) and Herrero et al. (1992) to be an O 9.5V star. From dba (shown in upper panels of Fig. 19) that the line widthsaim
spectra taken between Jun 2009 (H3D49888797) and Jun constant as a function of time, thereby suggesting rathapia r
2011 (HJD= 57287408), we do not observe significant variarotator than a binary system. The RVs measured by leastsqua
tions in the RVs of HD 227757 on short nor on long timescalg® give us average values &Vs = —44.0 + 3.0, -58.8 + 184,
(see Fig. 18). Indeed, we meas®\és = —26.8+4.6,-26.2+4.5, —487+5.0and-56.5+4.8 km s for the Her 4471, Har 4542,
-287+29and-30.0+4.3km s for the He1 4471, Ha1 4542, Hen 4686 and He 4713 lines, respectively. The RV uncertain-
Hen 4686 and He 4713 lines, respectively. We thus consideties for rapid rotators are typically larger because thdroés
the star as presumably single. of the lines are not well defined. This could explain the large

The spectrum of HD 227757 displays a strongen H471 standard deviation observed for the weakiHE542 line whilst
line than the Ha 4542 line, indicating a spectral type (Walborrthe other lines are rather stable in RV, thereby indicatipgea
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Fig. 19. Same as Fig. 8 but for HD 191423. Fig.20. Same as Fig. 8 but for HD 191978.

) _ 5.1.3. HD 193117
sumably single star. Moreover, after having computed th& TV

spectra for these characteristic lines only from the Aaréata As several O stars in our sample, HD 193117 has received lit-

(lower panels of Fig. 19), we detect no significant variatiole attention in the past years. We obtained eight spectra be

of line profiles, which agrees with the likely single nature dween Sep 2008 (HID-= 47115245) and Aug 2010 (HID-

HD 191423. 54206211). Quoted as an O 9.511 by Goy (1973), this star does
Therefore, we compute Idy’ = 0.396 and log\” = Not present any significant variations in its RVs. This can be

5.187, assigning to this star an O 9lIl type. We are not able &en in the upper panel of Fig. 21. We indeed meaBiie =
estimate logV” given the blend of the $ 4089 line with H5. —29.1+ 2.4, -16.6 + 7.1, -135 + 4.8 and-26.0 + 4.7 km s
We also add the stixesn and N, because of the broadness dbr the Her 4471, Hen 4542, Har 4686 and He 4713 lines, re-
the lines as well as the strong relative intensity of theonitr spectively. In addition to these results, the TVS (lowerglaiof
gen lines, thereby giving an ON 9llIn spectral classificatior Fig. 21) shows no significant change in the line profiles of the
HD 191423. star. Since we find no direct evidence of variations in thecspe
trum of HD 193117, we report this star as presumably single.
The diagnostic line ratios, He4471-Har 4542 and
5.1.2. HD 191978 Sitv 4089-Ha 4143, give log\’ = 0.343 and log\"’ = 0.256.

HD 191978 was classified as an O 8 star by Goy (1973). Tﬂ'gese resu/l/t/s correspond_to an O 9lll star. F_urthermorem\req_
investigation of its RVs by Abt & Biggs (1972) did not reveaPu'[.eOI logh™” = 5.155 which agrees with this spectral classifi-
any significant variations. cation.

We collected eleven spectra of HD 191978 over a timescale
of about 2170 days between Aug 2004 (H3D 32474196) g O-type stars in the Cyg OB9 association
and Aug 2010 (HJD= 54194729). The measurements made
on these data show relatively constant RVs. We can see in thé. Gravitationally bound systems
upper panels of Fig. 20 that no clear Doppler shift existstie
to the rest wavelengths of four spectral lines. The mean Rds a6'1'1' HD 194649
their standard deviations aRY = —-181+ 3.9 km s for the Often quoted as an O6.5 star, HD 194649 was reported by
Her 4471 line,RV = -104 + 5.3 km s! for the Hen 4542 Muller (1954) to be a binary system. However, no orbital so-
line, RV = -95+ 50 km s? for the Hen 4686 line, and lution is found in the literature. Our dataset is composeseof
RV = -118 + 6.2 km s for the Ha 4713 line. However, enteen spectra taken between Jun 2009 (H¥#9928930) and
the TVS spectra (lower panels of Fig. 20) indicate significasep 2011 (HIJD= 58206424). These data reveal a clear SB2
line profile variations for the He4471 and marginal ones forsignature with a secondary component moving in anti-phelse r
the Heur 4686 line, whilst insignificant line profile variations areative to the primary. This motion is clearly observed oveo tw
found for the Hear 4542 and He 4713 lines. Since these vari-consecutive nights, indicating a short-period binary exystBy
ations are not detected in all the line profiles, it is notlifke applying the Fourier method of HMM to the RVs refined by
that they are linked to binarity. Therefore, we consides #tar the disentangling programme, we derive an orbital period of
as presumably single. The determinations of the EWs for tBe839294+ 0.00139 days. As we did for the previous binary sys-
diagnostic lines yield logv’ = 0.120, logWw” = 0.227 and tems, we compute two orbital solutions: an eccentric one and
logW”" = 5.398, which correspond to an O 8III star. a circular one. However, the best orbital solution (i.ethwhe
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Fig. 21. Same as Fig. 8 but for HD 193117. 100 |-
c
smallest rms) is achieved for a circular orbit. The orbitaigm- \j
eters from this solution are given in Table 3 and the RV curves  * i
are shown in Fig. 22. The primary appears to be significantly 100
more massive than the secondary. Moreover, we havé&erdi i
ence of about 16 knT$ between the systemic velocities of both i
components. This discrepancy could indicate that the skrgn _200
lines are more féected by the velocity field of a strong stellar i ‘ ‘ ‘
wind, although such an interpretation is at odds with thespe o Tos T
types derived below which suggest an earlier and more edolve Phase (9)

primary star.

We measure the EWs to determine the spectral classifiGag. 22. Top: Her 4471, Hen 4542, Her 4686, Ha 4713 line profiles
tion on the disentangled and observed spectra. We find/log  at different epochsBottom: RV curves of HD 194649 computed from
-0.267 and log\ = 0.124 for the primary and secondary comPon = 3.39294 days. Filled circles represent the primary whilst the
ponents, respectively, corresponding to O6 and O 8 suhtyp@2en circles correspond to the secondary.

For the primary, it is not possible to compute MW because

the star is too early for Conti’s criterion. Therefore, bgdsing

on the disentangled spectra (not yet corrected for the tigs

ratio), the rather moderate il 4634—41 and He 4686 lines ) ]

Suggest to add an (f) tag to the primary Spectra' type, thgs S@f both StaI‘S_, It th_US appears Unhkely that both Componehts
gesting a giant luminosity class. For the secondary, weite HD 194649 fill their Roche lobe.

logW” = -0.03, corresponding to a main-sequence star (V). We

thus conclude that the spectral classifications for botts stee

O 6llI(f) and O 8V for the primary and the secondary, respec-
tively. On the basis of these spectral classifications, wivele
a brightness ratio of about@+ 0.4, which agrees with a pri-
mary star more evolved than its companion. Finally, we uie th
brightness ratio to correct the individual spectra obtaimgdis-
entangling. The resulting spectra are displayed in Fig. 23.

From such spectral classifications, the tables of Martiia et
(2005) indicate radii and masses of B§ and 35M, for an I
O 6lII(f) star and of 8R, and 21M,, for an O 8V star. From L
these masses and the minimum values provided in Table 3, we 4500 4600 4700 4800
compute an inclination between 2@nd 32 for the system. A[A]

Furthermore, we determine, on the basis of Eggleton (1983),

RRLsini of 8.3 R, and 54 R, for the primary and the sec- Fig.23. Disentangled spectra of the two components of HD 194649.
ondary, respectively, thereby giving a radius betweeRJ6@nd The spectra are normalized accounting for the brightndis o4.7.
19R, for the primary Roche lobe and betweenR0and 12R, The secondary spectrum is vertically shifted for clarity.

for the secondary one. If the standard values are close 82tho

=
N}

Normalized flux
& -
T —
!
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6.2. Presumably single stars the line core that almost completely masks the absorption pr
file, thereby probably indicating that the stellar wind oé tstar
6.2.1. HD 194334 is relatively strong. We detect, through the TVS analysis/ér

HD 194334 was classified as an O 7.5V star by Goy (1973). R@nels of Fig. 25), significant variations for the H&471 and
collected eleven spectra between Sep 2008 (HMY115581) Hen 4686_I|nes. Slr_me the T\(S does not |n_d|qate line _proﬂle
and Aug 2010 (HJD= 54204943). We computRVs = variations in all the lines and since the RV variations aresig
2153+ 46 -38+52 231+ 127 and—156 + 5.3 km st hificant, we assume that the observed variability is likehe to
for the Hex 21471, Hen 4;542’ Her 4686 and He 4713 lines, ré— the stellar wind rather than to a putative companion.
spectively. These velocities reveal a significant varighih the

Hen 4686 line while the other lines are rather constant (upper T [T T 40 5962

panels of Fig. 24). The mean RV of the 4686 line is positive 25 - i i W\ﬁ WW
whilst the others are negative. This could suggest thatlithés | ‘ WW 4717.56787

is formed in the wind. Moreover, changes in certain line pesfi M”\/N W r T .
are also detected in the TVS spectra (lower panels of Fig. 24) ‘ ‘ MWWW”‘ 17185593
as notably for the He4471 and Ha 4686 lines. However, no o b V] W\//M W || 4vas.3886

similar change is observed in the Hd542 and He4713 lines, W W I A VN
which strengthens the assumption that these variatiorkahg % ! ‘ ! | i 5051.7513

produced in the stellar wind. By assuming that HD194334isa = \// | W WW
single star, we determine |6 = —0.002 and logV” = 0.294, E | | WW BO52 7LD
thus giving for HD 194334 an O 7-7.5lIl spectral classifica- 5 '° ﬁ\/m ﬂw\[ww L T T e sses

. . . . . . . . £ I | et gt I .

tion. The luminosity class is confirmed by Walborn’s criteri s W‘\/m ”\/‘“M I | W
Indeed, the spectrum of HD 194334 shows moderate4$34— = ! ‘ A | | 5415.6170

41 emissions and He4686 absorption lines, thereby suggesting - i WW - | W
a giant luminosity class. Therefore, HD 194334 is classifisd 1 | ‘ WW 5420.5309

an 0 7-0 7.511(f) star. W N\fﬁ SRR

[ | 1 [ | T | b

LU AN 5 I A A N 1 4711.5581 51 O’OO?E "L\U“’R‘:‘ ‘ - \’“‘“‘ 10

2.5 - Tal iv\://\i A Z %05 ?\\"MW\M&M unW "*W '\M j‘ ”M ” W Wj‘d‘“‘V#‘V"‘;’AAM‘/{'\VQ?<"‘;

: ‘ 4718.3085 4470 4540 4680 4710
L SNV A[4]

£

==
Saae
wwgé%

4745.3411
Fig. 25. Same as Fig. 8 but for HD 195213.

5063.7053

From the échelle spectrum, we measureWdg= —0.026,
corresponding to an O 7 star and My = 0.264, indicating a

5360.4619

ww'»««w\\l://vw
W 5052.8184
W
ey

| ) 53615363 giant luminosity class (lll). Moreover, we add the (f)fisx to
W the spectral type because thenNl634—41 emissions are strong
e [y 5416.6210 whilst the Har 4686 absorption is rather weak. We thus suggest
L 7o

|

[
W

|

Normalized flux
&
T I
T

an O 7IlI(f) spectral classification for this star.
5420.4943

7. Discussion

Ll

0.02

g £ i . .
g 0.01 Bly-4 /,1/““ e '(}\yﬁmunlw;‘g,WFW @%\\r"\g‘ﬂ‘\vvv},'WNWV ﬂmmﬂl" il 7.1. Observational biases
0 : oo e aro We performed Monte-Carlo simulations to estimate the proba
NEN bility to detect binary systems on the basis of our tempaal-s
pling, for the 15 presumably single stars. For that purpose,
Fig. 24. Same as Fig. 8 but for HD 194334. randomly draw the orbital parameters of 100000 binary syste

We consider that these systems are not detected if the sthnda
deviation of the RVs is smaller than-78 km s* to be consis-
tent with our binarity criterion. For the fast rotators, vezjuest
standard deviations of at least 15 km.SThe period distribution
6.2.2. HD 195213 is chosen to be bi-uniform in log scale as in Sana et al. (2009)
Under this assumption, Idgis following a bi-uniform distribu-
Reported as an O7 star by Goy (1973), HD 195213 has bagsh between (8 and 10 for 60% of the systems and betweef 1
observed ten times during our campaign between Sep 2Q4f 35 for the remaining 40%. The eccentricities are selected
(HID = 47115962) and Aug 2010 (HIJD= 54205309). Our yniformly between 0.0 and 0.9. As Rauw et al. (2011) already
data do not reveal any significant variations of the Dopgiéts did, we assume that, for orbital periods shorter than 4 dhgs,
for the main lines (see upper panels of Fig. 25). We indeed cogystems have circular orbits. Indeed, with such periodscih
puteRVs = 2.1 + 45, 96 + 46 and-2.0 + 4.2 km s for cularization of systems composed of O-type stars is gegeral
the Her 4471, Hen 4542 and He 4713 lines, respectively. The already done or almost achieved. The mass raig/Ms) is uni-
Hen 4686 line exhibits a pattern with bf a strong emission iformly distributed between 1.0 and 10.0 and the mass of the pr
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Table 3. Orbital solutions for the four newly-detected binary sysse

Parameters HD 193443 HD 228989 HD 229234 HD194649
Primary  Secondary Primary  Secondary Primary Primary  Secondary

P[d] 7.467+0.003 1.77352+ 0.00041 3.51059+ 0.00175 3.39294+ 0.00139

e 0.315+ 0.024 0.0 0.0 0.0

w ] 2897 +5.8

To (HID) 3246.120+ 0.106 5047.771+ 0.003 4714.326+ 0.011 4991.082+ 0.009

y [km s -10.0+1.2 -166+20| -37+18 -78+19 -16.3+ 0.8 -13.8+£2.1 -29.5+3.1

K [km s™] 38.8+15 91.3+3.4 | 194.3+25 220.3+2.9 485+ 1.1 76.3+25 192.1+6.2

asini [Ry] 54+0.2 12.8+ 0.5 6.8+0.1 7.7+0.1 34+0.1 51+0.2 129+ 04

M sin® i [Ms] 1.0+ 0.1 0.4+ 0.1 7.0+£0.2 6.1+ 0.2 49+ 0.4 1.9+0.1

g (Mp/Ms) 2.35+0.11 1.13+0.02 2.52+0.13

frass[Mo] 0.042+ 0.003

rms [km s?] 5.08 8.37 3.04 11.13

Notes. The 1o error-bars on the parameters are provided by LOSP, excefitd@rhital period whose uncertainty is determined on ts<bof
the natural width of the peaks in the Fourier power spectiTime. orbital solution of HD 193443 was computed assumingttietincertainties on
the secondary RVs are three times as large as for the primary.

mary is obtained from tables of Martins et al. (2005) acawgdi 7.2. Binary fraction in Cygnus OB associations
to the spectral classification of the star. The longitudgseoias- ] ] o
tron are uniformly drawn between 0 and,2ind the orbital in- The spectroscopic analysis made on the Cygnus region ieslud

clinations are randomly drawn according to tes[—1; 1] from O-type stars coming from flerent environments. Therefore,
a uniform distribution. considering them altogether boils down to study a random sam

ple of O-stars. It is also possible to focus on each assoaiati

or even on young open clusters belonging to these assatatio
Table 4. Binary detection probability (%) for the time sampling assoHOWe\./er’ In thellatter case, We.WOU|d deal .Wlth small number
ciated to the dferent presumably single stars in our sample and f§tatistics. The binary fraction will thus be discussed bmter
various period ranges (expressed in days). the entire region and for each OB association.

We observed nineteen stars or multiple systems contain-

Stars Short Intermed. Long All ing at least one O-type object. Among this sample, one star,
[2-10] [10-365] [365-3165] [2-3165] HD 229234, was classified as SB1 and three were reported
HD 193514 99.8 96.0 84.1 94.1 as SB2 systems, HD 193443, HD 194649 and HD 228989.
HD193595  99.7 86.6 64.5 86.6  Therefore, no doubtremains on the binary status of thesetsj
HD 193682  99.8 92.4 73.6 90.2  As a first step, we focus on each individual OB association by
:Bigjggg gg's 828 gg'? 8471'2 first including only our sample stars. In Cyg OB1, the minimal
HD 228841 99.0 814 443 788 binary fraction is of 33% (3 stars out of 9). In Cyg OB3, we find
HD 190864 99.9 945 76.0 912 no star in a binary system out of 4, i.e., 0% whilst in Cyg OB8
HD 227018 99.8 82.9 57.1 84.0 and Cyg OBg, we obtain 0% (0 out of 3) and 33% (1 out of
HD 227245 99.5 68.3 59.5 83.9 3), respectively. By putting together these numbers toesehi
HD 227757 99.5 82.4 63.3 86.0 a more global view of our sample, we find a minimum binary
HD 191423 98.8 72.3 36.5 75.6 fraction of about 21% among the nineteen sample stars (4fout o
HD 191978 99.8 94.1 79.5 924 19). However, if we take into account all the O stars mentibne
HD193117  99.8 91.0 72.1 89.5 by Humphreys (1978), the minimum O-type star binary fratsio
HD 194334 99.7 91.3 63.3 86.4  pecome equal to 33% (4 out of 12, BI36 4063 also detected
HD 195213 99.7 89.2 67.9 88.0

as binary withPy, = 4.8 days, Williams et al. 2009), 33%
(3 out of 9, HD 191201, Burkholder et al. 1997, HD 190918,
Hill & Underhill 1995, and HD 226868, Gies & Bolton 1982,
were detected as binaries with orbital periods of 8.3, 11261
The results of these simulations are listed in Table 4. This tdays, respectively), 0% (0 out of 4) and 14% (1 out of 7) for
ble gives the percentage of systems that would be detected wihe Cyg OB1, Cyg OB3, Cyg OB8 and Cyg OB9 associations,
the same temporal sampling as our survey if their orbital peespectively. Overall, we thus obtain a minimal binary fiat
riod was short, intermediate, long or covering a timescalag of 25% (8 stars out of 32). Of course, this value was deter-
from 2 to more than 3000 days, respectively. This reveals tirained by focusing only on the Cyg OB1, Cyg OB3, Cyg OBS8
at least 72% of the systems with periods smaller than one yaaud Cyg OB9 associations and is therefore not represeaaitiv
should have been detected. However, between 11 and 64% ofttieentire Cygnus region. Therefore, we include in thisubsc
systems with an orbital period larger than one year coul@&hasion the results of the large spectroscgpimtometric survey
been missed. These results show that the detecfimieacy of of Kiminki & Kobulnicky (2012, and the subsequent papers).
our survey is rather good, especially for systems with gerioThese authors have indeed analysed 114 stars belonging to th
shorter than one year, but that we may also have missed sdiyg OB2 association. This sample takes into account massive
of the long-period binary systems. These results thus esigda objects for which the primary stars are classified between B3
that the short-period systems are easier to detect thawnige | and O 5. They found a hard minimum binary fraction of 21%
period systems with this strategy of observation. (24 out of 114). Although our sample is clearly smaller, tHa-m
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Fig. 26. Distributions of orbital parameters (period, eccentyiaitass ratio) of binary systems located in young open aisisteOB associations.

imum binary fraction appears to be similar in most of the OB We see from th® vs.q plot (middle panel of Fig. 26) that the
associations in the Cygnus complex. Finally, putting atkthire- majority of detected systems are those with a period snthier

sults together, we reach a general minimum binary fraction 80 days and with a mass ratio between 1 and 3. This plot does not
22% (32 out of 146) in the Cygnus region. agree with a uniform distribution of the mass ratios in thege

1< g<5as Sana & Evans (2011) suggested it. However, these
authors also reported a decrease of the number of systeims wit
g> 1.7 as it can be see in Fig. 26. These results clearly show the
limitations of spectroscopy. Indeed, it is hardly posstbldetect

7.3. Massive binaries in a wider context

To bring additional constraints to this work in a larger feem , X X
we have selected the SB1 and SB2 systems (including at |e%%]econdar_y signature for systems with large maSisrences
one O star) detected in various spectroscopic multiplisid- V! out having high-quality high signal-to-noise data.

ies (Sana et al. 2008, 2009, 2011; Rauw & De Becker 2004; De Finally, theq vs. e plot (right panel of Fig. 26) shows that
Becker et al. 2006; Hillwig et al. 2006; Rauw et al. 2009; Mah§ !2rger amount of systems with small eccentricities havesma
et al. 2009) as well as in numerous papers (see, e.g., "spec ptios betwee_n 1 and 3 or saldffe_rently that only systems
scopic” references in Mason et al. 1998) including studies dwith almost similar components d|spla_y a Sma” eccenyricit
voted to the Cyg OB2 association (Rauw et al. 1999; De BeckapWever, the detectability of systems with a high mass rattio
et al. 2004; Nazé et al. 2008; Kiminki et al. 2012, and the-su} Nigh eccentricity is diicult. Our sample could thus be biased.
sequent papers). Finally, we complete this dataset by gdda _he decreasmg range of high eccentricities for higher T&SS
orbital information concerning the O-type stars providgdtie  ti0S, observed in the right panel of Fig. 26 could thus likeéy
9t spectroscopic binary catalogue (Pourbaix et al. 2004)itgirb Stemmed from decreasing completeness, making this coaslus
solutions are then known for more than 140 systems {$Bi less reliable. Indeed, the time required for the circuktion,

: ; ; i by Hurley et al. (2002), is dependent on the mass ratio
SB2) which are mainly located in young open clusters or OB a3€"n by y \ .
sociations. We present, in Fig. 26, the corresponding. e, P (d = (Me/Ms)) squared. Therefore, wheyis very high, the the-

vs.q (= Mp/Ms) andq vs. e diagrams. In this figure, the filled O predicts that the time to circularize the system will &agkr,

symbols represent the SB2s, the open ones the SB1 systains 4Hch is notthe case here. _ _
Although this sample remains small in comparison to the

the squares give the parameters quoted in thegctroscopic X = 1€
binary catalogue. In order not tdfect the readibility of these Overall population of binaries among the O-type stars, ehes

diagrams and because some are missing, we do not includefl{g€ diagrams provide a first approximation of the genesal d
error-bars on these measurements. tribution of orbital parameters. It would be interestingiewer

From the period-eccentricity diagram (left panel of Fig),26t° include in these diagrams binaries which would be detecte

we see that shorter period systems are dominantly cha{acpé’r adaptive optics, speckle mte_rfe_rometry or interferamen

ized by lower eccentricities, suggesting a lack of highlgese Cover larger orbital parameter distributions.

tric short period systems as well as almost circular longoger

systems. The majority of the datapoints seems to show a treé'ldC lusi

between the period and the eccentricity. However, the trest™" onclusion

of the completeness of the data has to be asked. Indeed, SgR&evisited the binary status of nineteen O-type stardéatia

& Evans (2011) mentioned that at least half the known angferent OB associations of the Cygnus region. We confirm the
suspected spectroscopic binaries lack a reliable ortwtation. pinarity of four objects, three SB2s: HD 193443, HD 194649,
Among the systems that lack a reliable solution, the majbidls HD 228989 and one SB1: HD 229234. All these systems have
long orbital periods. The apparent linear trend betweeem®Ccc short-term orbital periods, less than 10 days. We also eériv
tricity and orbital period could befiected by two competing ob- for the first time the orbital parameters for the three SB2 sys
servational biases. Indeed, highly eccentric SB2 systésptay tems. The apparent lack of intermediate and long period sys-
large RV separations at periastron which are easier searhba tems in these OB associations contrasts with the case of the
lower RV excursions of circular systems. However the dorati NGC 2244 young open cluster where only one longer period
over which these large separations are observed is rather sBystem HD 46149 has been identified (HD 46573 being located
and could easily be missed. in MonOB2 association and not in NGC 2244, Mahy et al.
2009). However, this dierence seems linked to the sample.

2 SB1 systems have not been included infhes.q andqvs.eplots  Indeed, among the four stars belonging to Cygnus OB associ-
because of the fliculty to infer reliable mass ratios in such systems. ations which were already known as binaries and thus not in-
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cluded in our sample, HD 190918 is also a long period binages, D. R. & Bolton, C. T. 1982, ApJ, 260, 240
(Porb = 1124 days, Hill & Underhill 1995). This result there- Gonzalez, J. F. & Levato, H. 2006, A&A, 448, 283

fore does not allow us to point toftirent conditions for massive

star formation.

Gosset, E., Royer, P., Rauw, G., Manfroid, J., & Vreux, J.2001, MNRAS,
327, 435
Goy, G. 1973, A&AS, 12, 277

The stars contained in our sample were chosen becauseigHson, M. M. 2003, ApJ, 597, 957
their brightness and because, for most of them, their bistay Heck, A., Manfroid, J., & Mersch, G. 1985, A&AS, 59, 63
tus has not yet been established. These nineteen starsatitus {gerrero. A., Kudritzki, R. P., Vilchez, J. M., et al. 1992, %261, 209

stitute a random sample of O-type stars. Our strategy of

ill, G. M. & Underhill, A. B. 1995, in IAU Symposium, Vol. 163Wolf-Rayet
Stars: Binaries; Colliding Winds; Evolution, ed. K. A. vaarHucht & P. M.

servations allowed us to reach a binary detection rate d¢wse \wjjiams, 235
90% for periods up to 3165 days and to determine a minimusiiwig, T. C., Gies, D. R., Bagnuolo, Jr., W. G., et al. 20@%J, 639, 1069

spectroscopic binary fraction in this sample of 21%. By k!

ing the stars of Humphreys’ catalogue (1978) which belo
to the OB associations studied in the present paper but wh

Hiltner, W. A. 1956, ApJS, 2, 389

rley, J. R., Tout, C. A, & Pols, O. R. 2002, MNRAS, 329, 897

%mphreys, R. M. 1978, ApJS, 38, 309
3

inki, D. C. & Kobulnicky, H. A. 2012, ApJ, 751, 4

were not analysed because their binarity was already Kme@&n, Kiminki, D. C., Kobulnicky, H. A., Ewing, |., et al. 2012, ApF47, 41
reach a minimum spectroscopic binary fraction of 25%. Whemodiseder, J., Cervifio, M., Le Duigou, J.-M., et al. 208&A, 390, 945
we consider all these associations separately, we obt&n@3 Liu. T Janes, K. A, & Bania, T. M. 1989, AJ, 98, 626

O-type stars in binary systems in Cyg OB1, 33% in Cyg OB%

ahy, L., Nazé, Y., Rauw, G., et al. 2009, A&A, 502, 937
aiz-Apellaniz, J., Walborn, N. R., Galug, A., & Wei, L. H. 2004, ApJS, 151,

0% in Cyg OB8 and 14% in Cyg OB9. All these values can be 103
completed by the minimum binary fraction of 21% quoted byalchenko, S. L. & Tarasov, A. E. 2009, Astrophysics, 52, 235
Kiminki & Kobulnicky (2012) in Cyg OB2. Finally, when we Martins, F.,, Schaerer, D., & Hillier, D. J. 2005, A&A, 436,49

take all these binary fractions together, we reach a binaig f
tion for the Cygnus region of about 22% (32 stars out of 146).

Mason, B. D., Gies, D. R., Hartkopf, W. I., et al. 1998, AJ, 1881
Mason, B. D., Hartkopf, W. I, Gies, D. R., Henry, T. J., & HalsJ. W. 2009,
AJ, 137, 3358

In addition to the analysis of the RV variations, several olassey, P., Johnson, K. E., & Degioia-Eastwood, K. 1995, Apa, 151

jects show significant variations of their line profiles. $Sa&ari-
ations are mainly observed for the H&#471 and Ha 4686 lines.

Since not all the lines areffected, this implies that these vari-

Mathys, G. 1988, A&AS, 76, 427

Mathys, G. 1989, A&AS, 81, 237

Meisel, D. D. 1968, AJ, 73, 350

Mel'Nik, A. M. & Efremov, Y. N. 1995, Astronomy Letters, 2101

ations are probably not due to binarity but rather resultnfroporgan, w. W., Code, A. D., & Whitford, A. E. 1955, ApJS, 2, 41
phenomena intrinsic to stellar winds or perhaps even from navuller, P. 1954, AJ, 59, 388

radial pulsations. The spectral classifications of thessiarived

in the present paper and the results of the TVS analysis ate s

marized in Table 5.

Nazé, Y., De Becker, M., Rauw, G., & Barbieri, C. 2008, A&/3! 543
Negueruela, 1. 2004, Astronomische Nachrichten, 325, 380

LI{Ielan, E. P., Walborn, N. R., Wallace, D. J., et al. 2004, 28,823

Penny, L. R. & Gies, D. R. 2009, ApJ, 700, 844

The results presented here only focus on a small samplepehny, L. R., Gies, D. R., Hartkopf, W. I., Mason, B. D., & TarmN. H. 1993,
O-type stars in the Cygnus complex. This region represents &ASP, 105, 588 o N .
large panel of O-type stars which can provide numerous cludaskett, J. 1924, Publications of the Dominion AstroptgisiObservatory

on the formation scenarios of these objects. In paper II, le w,

Victoria, 2, 286
urbaix, D., Tokovinin, A. A., Batten, A. H., et al. 2004, A&424, 727

continue the analysis of these stars by determining with @ah0 Rauw, G. & De Becker, M. 2004, A&A, 421, 693

atmosphere code their individual parameters, their agettaair
chemical enrichment to better constrain the propertiebese
objects.

Rauw, G., Nazg, Y., Fernandez Lajis, E., et al. 2009, MISR208, 1582
Rauw, G., Sana, H., Gosset, E., et al. 2000, A&A, 360, 1003

Rauw, G., Sana, H., & Nazg, Y. 2011, A&A, 535, A40

Rauw, G., Vreux, J.-M., & Bohannan, B. 1999, ApJ, 517, 416
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Table 5. Summary of the multiplicity of stars and of their line profilariations

Stars Sp. type TVS variations

He14471 Her4542 Her4686 Hea 4713
HD 193443 09% 095 Y Y Y Y
HD 193514 O 7-07.51l(f) Y Y Y N
HD 193595 orv Y N N N
HD 193682 O 5l1I(f) N N Y N
HD 194094 oaslll - - - -
HD 194280 09.7 Y N N N
HD 228841 O7n N N N N
HD 228989 08.5W 09.7V Y Y Y Y
HD 229234 O9lll+ ... Y Y Y Y
HD 190864 O 6.5111(f) Y N Y N
HD 227018 06.5V((f) Y N N N
HD 227245 O 7V-lI((f)) - - - -
HD 227757 o9V - - - -
HD 191423 ON2llIn N N N N
HD 191978 oaslll Y N Y N
HD 193117 oalll Y N N N
HD 194334 O7-07.51l(f) Y N Y N
HD 194649  O6lli(f)+ O8V Y Y Y Y
HD 195213 O 7111(f) Y N Y N

Notes. Notes: “Y” means that significant TVS variations in the spaldines are observed whilst “N” reports the absence ofatamns.
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