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ABSTRACT

Context. The Cygnus OB2 association and its surroundings display the richest collection of massive stars in our nearby Galactic
environment and a wealth of signposts of the interaction between these stars and the interstellar gas.

Aims. We perform a magnitude-limited, homogeneous census of O and early B-type stars with accurate spectral classifications in the
blue, in a 6° X 4° region centered on Cygnus OB2 that includes most of the Cygnus X complex, a sizeable fraction of the adjacent
Cygnus OB9 association, and a large area of the field surrounding these complexes.

Methods. By using reddening-free indices based on BJHK magnitudes from the USNO-B and 2MASS catalogs, we are able to
produce a highly complete, highly uncontaminated sample of O and early B stars, which nearly duplicates any previous census of the
region for the same range of spectral types. We provide the spectral types of 60 new O and B stars, as well as a list of an additional
60 candidates pending spectroscopic confirmation. In addition, the UBYV imaging of the surroundings of three apparently isolated O
stars is used to investigate the possible presence of small clusters of young stars around them.

Results. Early-type stars are consistent with similar distances for Cygnus OB2, OB9, and the field stars surrounding them. We confirm
previous findings of an older population in Cygnus OB2 spatially offset from where the stellar density of the association peaks. Some
new remarkable objects are identified, including BD+40 4210, a BO supergiant member of Cygnus OB2 that is among the brightest
members of the association sharing some characteristics with luminous blue variable (LBV) candidates, located at a projected distance
of 5 pc from another LBV candidate. A new OS5If member of Cygnus OB9 is found, as well as several other O stars and B supergiants.
On the other hand, while no obvious clustering is found around the apparently isolated O stars, the fields around two of them seem to
contain objects with strong ultraviolet excessethey are accreting, although their nature and possible relationship to the O stars in the
field are unclear.

Conclusions. Star formation in Cygnus has been taking place in a sustained manner for well over 10 Myr, with a large-scale trend of
proceeding from lower to higher Galactic longitudes. Star formation inside Cygnus OB2 follows this trend, with indications of intense
star formation activity having started in the southern (lower galactic latitude) part of the association about 10 Myr ago and probably
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continuing at present in the north.
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1. Introduction

The massive-star forming complexes in Cygnus (Reipurth &
Schneider 2008) are among the most well-suited regions of our
Galactic neighborhood to study the processes leading to the for-
mation of large stellar complexes along spiral arms (Elmegreen
2004) and the interaction between massive stars and the in-
terstellar medium. The region is extraordinarily rich in sign-
posts of massive star formation, both recent and ongoing (e.g.
Odenwald & Schwartz 1993). It contains several OB associa-
tions (Humphreys 1978, Garmany & Stencel 1992, Mel’nik &
Efremov 1995, Knodlseder et al. 2002), including the very rich
Cygnus OB2 association, and abundant molecular and ionized
gas mainly in the large Cygnus X complex (Wendker et al. 1991,
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Hispano-Alemédn (CAHA) at Calar Alto, operated jointly by the Max-
Planck Institut fiir Astronomie and the Instituto de Astrofisica de
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of Tenerife by the Instituto de Astrofisica de Canarias in the Spanish
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Schneider et al. 2006). It has also been found that related to these
complexes are large-scale structures such as HI bubbles and the
still enigmatic Cygnus superbubble (Cash et al. 1980, Bochkarev
& Sitnik 1985, Uyaniker et al. 2001) that may have been pro-
duced by the combined energetic activity of the massive stars in
the region (Comer6n et al. 1998). The region is also a unique
high-energy laboratory providing direct insight into the nucle-
osynthesis processes taking place in massive stars (Knddlseder
et al. 2002, Martin et al. 2010).

The Cygnus star-forming complexes extend over a wide in-
terval in Galactic longitude (roughly 70° < I < 95°) and most
probably also in distance. Some prominent complexes in this re-
gion of the sky, such as the Cygnus OB7 association and the
North America and Pelican nebulae, are most likely less than
1 kpc from the Sun (Garmany & Stencel 1992; Laugalys &
Straizys 2002, Comerén & Pasquali 2005), while the kinemat-
ics of other objects in the same general direction clearly asso-
ciate them with the more distant Perseus arm in the background.
However, the bulk of massive-star formation in Cygnus appears
to lie at roughly 1.4-1.5 kpc from the Sun (Knodlseder 2002,
Rygl et al. 2011). At these distances, the complex is dominated
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by the very rich and compact association Cygnus OB2 (Torres-
Dodgen 1991, Knodlseder 2000, 2003, Comerén et al. 2002),
other neighboring associations such as Cygnus OB9, and the
massive-star forming complex Cygnus X, all testifying to the
vigorous, extended star-forming activity occurring at present in
this area (Schneider et al. 2006, Reipurth & Schneider 2008).
However, evidence has been found in recent years of massive-
star formation extending into the past and perhaps predating the
birth of Cygnus OB2. In her spectroscopy study of new candi-
date O and B stars in Cygnus OB2 identified by Comerén et
al. (2002), Hanson (2003) found a large number of B stars of
luminosity classes I to III, which she interpreted as an older,
more spatially distributed population. A similar result was found
by Comerdn et al. (2008), who showed that the population of
evolved stars with massive progenitors (M > 10 M) extends
beyond the boundaries of Cygnus OB2 and most likely beyond
a 2° radius around the association (see also Drew et al. 2008
and Wright et al. 2010). These evolved B stars represent a previ-
ous generation of massive stars that sculpted the local interstellar
medium, out of which the present generation formed, and were
perhaps responsible for the formation of large-scale structures
such as the Cygnus superbubble.

In this paper, we study the massive star content of a large
area extending 6° X 4° in Galactic longitude and latitude, respec-
tively, centered on Cygnus OB2. It includes much of the neigh-
boring association Cygnus OB9, as well as the Cygnus X com-
plex and several other star-forming regions. The massive stel-
lar component of some of these regions has been the subject
of previous studies, most notably Cygnus OB2 itself (Massey
& Thompson 1991, Hanson 2003, Comerdn et al. 2002, 2008,
Kiminki et al. 2007, Negueruela et al. 2008), and the open cluster
NGC 6910, which possibly belongs to Cygnus OB9 (Delgado &
Alfaro 2000). However, no homogeneous study with a uniform
selection criterion for the identification of massive stars over the
entire area has been carried out in the recent past. In the present
study, we use the combined visible and near-infrared photometry
provided by the United States Naval Observatory-B (USNO-B)
and Two-Micron All-Sky Survey (2MASS) catalogs to produce
a large list of candidate O and B stars in the area. Many of them
have already been identified and spectroscopically classified in
previous studies, but we increase the census by adding 60 new
O and B stars, for which spectral types are provided. We also
produce a list of additional candidate O and B stars for future
spectroscopic classification that, if confirmed, and together with
the new stars already classified in the present work, will double
the census of O and B stars in this region of Cygnus. The results
allow us to explore systematic trends in age and to produce a
more complete assessment of the massive stellar content of the
region. Some of the newly identified stars are found to have O
types but they do not seem to belong to any of the previously
known clusters or associations. We present here UBV imaging
designed to detect unknown star clusters or aggregates in the
vicinity of four of them.

2. Target selection

The power of near-infrared (NIR) observations in revealing
the true structure, content, and extension of Cygnus OB2 and
its surroundings was dramatically demonstrated by Knodlseder
(2000), who used star counts in the 2MASS Point Source
Catalog (Skrutskie et al. 2006) to suggest that Cygnus OB2 is
comparable in both richness and extent to a young globular clus-
ter. Comeron et al. (2002) used 2MASS-based color-color crite-
ria to select a sample of candidate O and B stars for which they

obtained H— and K- band low-resolution spectroscopy. These
NIR spectra confirmed that most of the photometrically selected
objects were indeed early-type stars, some of them displaying
emission lines typical of evolved stages (Morris et al. 1996).
Accurate spectral types in the visible of the least obscured early-
type candidates of Comerdn et al. (2002) were obtained by
Hanson (2003), who confirmed them to be O and B stars with
types B2 or earlier. The success rate of the near-infrared color
criterion was further exploited by Comeron et al. (2008) to iden-
tify additional early-type stars in the surroundings of Cygnus
OB2. The spectroscopic follow-up of that work shows that about
half of the sample selected based on 2MASS colors is actually
composed of late-type stars, including long-period variables and
carbon stars.

The combination of CCD photometry in the visible from the
USNO-B catalog with near-infrared photometry from 2MASS in
the NOMAD catalog (Zacharias et al. 2004) and more recently
in the UCAC3 catalog (Zacharias et al. 2010) allowed us to re-
fine our earlier photometric selection criteria. The inclusion of
a data point at visible wavelengths in order to more tightly con-
strain the intrinsic spectral energy distribution of stars proves to
be very helpful in distinguishing between reddened early-type
stars and intrinsically red late-type stars. After experimenting
with reddening-free indices based on the B, R, I, J, H, and K
bands, we find that the index cuts

Ok = 0.196(B — J) — 0.981(J — K) = 0.098 >0 (1)

Qsuk =0447(J - H)-0.894(H - K)-0.089 <0 (2)

are most efficient in discarding late-type contaminants when ap-
plied to the spectroscopically observed samples of Comerdn et
al. (2002, 2008). The coefficients multiplying the various colors
are empirically determined by plotting the stars in the region on
the (B — J), (J — K) and the (J — H), (H — K) diagrams respec-
tively, thus tracing the direction of the extinction vector. Most
of the values obtained are within 10% of those derived using
the Rieke & Lebofsky (1985) extinction law for the diffuse in-
terstellar medium. The exception is the coefficient multiplying
the (B — J) color, which is 22% higher than the correspond-
ing Rieke & Rieke (1985) value. This may be expected because
of the greater tendency of shorter wavelengths to depart from
the standard extinction law. The value that we empirically de-
termine is actually close to that obtained from the Cardelli et
al. (1989) extinction law for a total-to-selective extinction ratio
Ry = 4.0, which is in-between the Ry values characteristic of
the diffuse interstellar medium and of dense interstellar medium
in star-forming regions. Evidence of a high value of Ry in the
direction of Cygnus was presented by Terranegra et al. (1994),
which agrees with our finding.

We thus used the BJHK photometry tabulated in the
NOMAD catalog' to obtain a large sample of candidate O and
B stars in the 6° X 4° area limited in Galactic coordinates by
77°5 < 1 < 83°5, —1°2 < b < 2°8. We set a near-infrared lim-
iting magnitude of Kg = 9.0 to reduce the number of early-type
stars background to the Cygnus complex. The limit corresponds
to Mg =~ —2.3 at the estimated distance of Cygnus OB2, as-
suming a foreground extinction of Ay =~ 5 as typically found
among the stars of that association (e.g. Massey & Thompson

' The more recent UCAC3 catalog (Zacharias et al. 2010) also pro-
vides this merged information. However, UCAC3 not having yet been
published at the time when we carried out our sample selection, we pre-
ferred to keep the reference to the NOMAD catalog for consistency.
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1991; see also Sect. 4). Furthermore, to produce a sample that
can be spectroscopically confirmed in the B band with a 2m-
class telescope and a reasonable investment of observing time,
we retained only stars with B < 16. The combination of the K
and B magnitude cuts with the intrinsic (B—K) colors of O and B
stars implies that our selection criteria are sensitive to any main-
sequence stars earlier than B1 and obscured by Ay < 6.7 mag, as
well as to stars brighter in K and even more obscured. We note
that the selection criterion Qg;x > 0 also discriminates against
objects having substantial K-band excess, as commonly found
among B[e] stars (Kastner et al. 2010).

A literature search reveals that many of the stars in our sam-
ple have already been spectroscopically classified by previous
surveys, as our selection criteria recover most of the known O
and B stars in Cygnus OB2 and Cygnus OB9. However, about
half of the sample is composed of stars not previously recog-
nized as early-type, or by stars whose early-type nature had
only been roughly established by low-dispersion objective prism
spectroscopy. In a small number of cases, published spectral
types or those determined by us show that the stars are actu-
ally later than B, showing that the new selection criterion is not
entirely free from contamination. Nevertheless, its derived suc-
cess rate of ~ 80% (defined as the ratio of the spectroscopically
confirmed O and B stars to candidates selected by means of the
photometric criterion) proves it to be very efficient for our pur-
poses.

The B — K5, Kg diagram of the stars selected by our crite-
ria (1) and (2) is presented in Fig. 1. Their distribution shows
that most of them have magnitudes and colors characteristic of
moderately reddened O and early B stars at the distances com-
monly estimated for the OB associations in the area. We note,
however, the presence of stars with very bright Kg magnitudes,
having colors well within the range of those of fainter stars in
the region. Spectral classifications are available for almost all of
them, showing that they are actual O and B stars rather than fore-
ground later-type stars contaminating the sample. Furthermore,
that our Qpyk criterion excludes stars with strong infrared ex-
cesses as noted above indicates that these stars have very high
intrinsic luminosities, as confirmed by their spectroscopic clas-
sification as blue supergiants (Sect. 3.1).

While most of the stars in the region lie within the bound-
aries of Cygnus OB2 or Cygnus OB9, some are rather distant
from these associations as well as from any other known cluster.
We thus selected three of these apparently isolated, spectroscop-
ically confirmed O stars for follow-up imaging observations, in
order to search for possible still unknown clusters in their sur-
roundings and thus check whether they are truly isolated.

3. Observations
3.1. Spectroscopy and spectral classification

Spectroscopy in the visible of more than half (see Sect. 4) of
the new O and B candidate stars that were photometrically se-
lected was obtained with the 2.2m telescope of the Calar Alto
observatory using CAFOS, the facility visible-light imager and
low-resolution spectrograph, during three observing runs in July
2006, July-August 2008, and July-August 2010, the last two be-
ing conducted in service mode by the observatory. The grism
used covered the range shortwards of 4 = 6350 A at a reso-
lution of 4/Ad = 1000 with a 1”5 slit. Exposure times were
decided based on the B magnitude, and ranged from 10 min for
the brightest sources to 180 min for the faintest. For integration
times longer than 30 min, the exposures were divided into blocks
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Fig. 1. Color-magnitude diagram of stars selected using the criteria
given by Egs. (1) and (2). Stars retrieved by those criteria but with con-
firmed later spectral types (see Sect 3.1) have been excluded. Filled cir-
cles are O and B-type stars spectroscopically confirmed, either by previ-
ous studies or by the present one, and dots are O and B-type candidates
lacking spectroscopic confirmation. The solid line marks the position of
the unreddened upper main sequence based on the “observational” Teg
scale of Martins et al. (2006) shifted to a distance modulus DM = 10.8.
The dotted line represents the displacement caused in the diagram by
an extinction of Ay = 5 mag, using the reddening law of Cardelli et al.
(1989) with total-to-selective extinction ratio Ry = 3.1. The sharp cuts
in the distribution of points are due to our magnitude limits Kg < 9,
B < 16.

of 30 min. Spectra of three lamps of HgCd, He, and Rb were
taken between subsequent exposures for wavelength calibration,
to minimize the effects of instrument flexure. The frames con-
taining the raw spectra were corrected for he effects of both bias
and flat field, and the spectra were subsequently extracted from
each one of them. The individual wavelength-calibrated spectra
were coadded after identification and removal of cosmic ray hits.
The coadded spectra were finally normalized to the interpolated
continuum.

The extracted spectra were classified using as a refer-
ence the extensive atlas of early spectral types of Walborn &
Kirkpatrick (1990), which is well-suited to our work given its
spectral resolution similar to that of our observations and its
dense grid of O and B spectral types with different luminosity
classes. We used the spectral subtype and luminosity class indi-
cators noted in the atlas, which were summarized in Comerén
et al. (2008) for the range of interest in this work. All the early-
type stars in our sample are significantly obscured and display
prominent interstellar absorption features, particularly the dif-
fuse interstellar bands. Approximate uncertainties in the spec-
tral classifications were estimated to be one luminosity class and
half a spectral subtype by comparing the independent classifica-
tion of each spectrum by each of the authors. Some of the stars



F. Comer6n and A. Pasquali: New members of the massive stellar population in Cygnus

observed by us also have spectral types published by other au-
thors, particularly by Kiminki et al. (2007) and Negueruela et al.
(2008), who carried out spectroscopic observations in the visi-
ble of photometrically selected stars from the studies of Massey
& Thompson (1991) and Comerén et al. (2002), respectively. A
comparison of our spectral classifications with those obtained by
these authors generally confirms our estimate of the uncertainty,
as discussed in Sect. 4.1.

3.2. Imaging

The UBYV images of fields measuring 10’1 x 10’1 around three
apparently isolated O stars newly classified by us were ob-
tained with the CAMELOT camera at the IAC80 telescope at
the Teide Observatory, on the nights of 1 to 4 September 2010.
Four dithered observations of each field were performed in B
and V with individual exposure times of 15 min and 8 min,
respectively. For the U band, six observations of 30 min each
were obtained. The images were bias-subtracted, flat-fielded
and average-combined using standard IRAF? tasks. Point-spread
function photometry was then performed using dedicated IRAF
scripts making use of the DAOPHOT ALLSTAR task (Stetson
1987). Photometric calibration was carried out by obtaining a
sequence of short exposures in a given filter of each of the four
fields, with an observation of the open cluster NGC 6910 at the
beginning and the end of the sequence. In this way, a set of local
photometric standards was established for each field. The pro-
cedure was then repeated for the other two filters. The observa-
tions were carried out near the time of the meridian transit of the
region. Photometric zeropoints and color terms were computed
using the NGC 6910 stellar photometry published by Delgado &
Alfaro (2000). We also made use of the average extinction coef-
ficients publicly available for the Teide Observatory. The short
photometric calibration exposures were also used to derive the
magnitudes of the brightest stars in each field, which were satu-
rated in the long exposures. The 50 detection limits of our ob-
servations are U = 22.1 mag, B = 23.4 mag and V = 22.4 mag.

4. Results

The application of the selection criteria described in Sect. 2 to
the sample of NOMAD stars within the area and B, K magni-
tude limits described there has provided us with a list of 260
photometrically selected stars. Of those, 119 are confirmed O-
and B-type stars with spectral classifications available in the lit-
erature (Sect. 4.1). Of the remaining 141, we could confirm 60
as new O or early B stars. Another 20 stars selected by the crite-
ria turn out to have A or later types, either already known from
previous studies or revealed by our new spectroscopic observa-
tions. Finally, 61 photometrically selected stars remain unob-
served spectroscopically and their possible early types are thus
unconfirmed.

4.1. Known members

Most of the 119 of the O and B stars recovered by our selection
criteria had been previously classified as such in the region be-
long to Cygnus OB2. These stars are listed in Table 1, together
with their published spectral types and the reference to the one
that we adopt, since more than one spectroscopic classification is

2 IRAF is distributed by NOAO, which is operated by the Association
of Universities for Research in Astronomy, Inc., under contract to the
National Science Foundation.

frequently found for the same star in the literature. Some of the
stars listed in Table 1 were also observed by us, in most cases be-
cause they were included in the observing programs of other re-
search teams while we were collecting data for the present study.
The overlap of Table 1 with our own observations provides a
useful benchmark for our own spectral classifications. The sub-
set of stars of Table 1 for which we also obtained spectral types
is listed in Table 2, where the comparison with the published
spectral types confirms the estimated accuracy of our spectral
classification as given in Sect. 3.1.

We compared our list of known members fulfilling (1) and
(2) with that of Cygnus OB2 stars brighter than B = 16 and
Ks =9 spectroscopically classified as earlier than B2 by Massey
& Thompson (1991). The comparison with a sample of con-
firmed O and early B stars independently selected should pro-
vide an accurate estimate of the degree of efficiency of our crite-
rion, that is, the fraction of the actual population of O and B stars
that are recovered by it. Of the 64 Cygnus OB2 stars that Massey
& Thompson classify as earlier than B2, we found that 51 are
brighter than our thresholds in B and K. Our selection criterion
recovers 41 of those, leading us to estimate an efficiency of ap-
proximately 80% in selecting the O and B stars actually present
in the region within the established magnitude limits®. The stars
classified by Massey & Thompson (1991) as B2 or earlier that
do not fulfill our selection criterion are listed in Table 6.

4.2. New O- and B-type stars

More than half of the candidate O and B stars identified by
our selection criteria either have not been recognized as such in
previous work, or have only rough spectral classifications pub-
lished. We obtained classification quality spectra for 60 of them,
listed in Table 3. Their spectra are displayed in Fig. 2. Table 4
list the remaining O and B candidates selected based on their
BJHKjg photometry for which we could not obtain photometry
in the time allocated in the various observing runs. Given the
high confirmation rate obtained for the spectroscopically con-
firmed stars, it is to be expected that approximately 80% of these
stars also have O or B types.

The distributions in B magnitude of the known and newly
identified O and B stars, including those pending spectroscopic
confirmation among the latter, is presented in Fig. 3. The distri-
butions are similar and show that the new members are slightly
fainter, but insufficiently so to explain why they have been
missed by previous surveys. Likewise, the distributions of de-
rived visual extinction toward known members and spectroscop-
ically classified new O and B stars are also shown in Fig. 3,
showing that the new members are insignificantly more obscured
on average than the known members.

Figure 4 shows the spatial distributions of the previously
known O and B stars in the region together with the new, spec-
troscopically confirmed stars and the photometrically selected
candidates for which no spectral classification is yet available.
The majority of the newly confirmed members are located out-
side the region occupied by the brightest stars of Cygnus OB2,
where most searches have been concentrated thus far. We do
find new members of Cygnus OB2, as discussed in Sect. 5.1,
but most of them are in a region adjacent to that containing the
largest number of its members. We also identify new members

3 Note that this is unrelated to the success rate previously quoted in
Sect. 3, which also turns out to be around 80% and gives an indication
of the reliability of the selection criteria in producing uncontaminated
samples of O and B stars.
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Fig. 2. Continuum-normalized spectra of all the stars listed in Table 3. For clarity, only the spectral region used for classification is shown.

of Cygnus OB9, and many new O and B stars outside these two
associations. It is thus apparent from Fig. 3 and 4 that the addi-
tions to the O and B census of the region provided by our work
come from our having included in our survey, regions that had
been either neglected by previous searches, or explored with far
less detail than the most crowded regions of Cygnus OB2.

Our selection criteria identified 20 stars with types later than
B based on previous spectral classifications, new spectral classi-
fications obtained in this work, or existing photometry in other
systems. These stars are listed in Table 5, where the variety of
reasons that may contribute to their erroneous selection as can-
didate O or B stars can be appreciated. Their numbers relative to

the stars listed in Tables 1 and 3 leads us to estimate a success
rate of 80% of our criteria in the selection of true O and B stars.

4.3. Ages and initial masses

We used the 2MASS (J — Ks) magnitude and the intrinsic
colors of both O stars from Martins & Plez (2006) and B
stars from Tokunaga (2000), to estimate the foreground extinc-
tion toward each of the spectroscopically classified stars from
Tables 1 and 3), using the extinction law of Cardelli et al. (1989).
Temperatures were in turn assigned using the ‘observational’
temperature scale of Martins et al. (2006) and the Tt versus
spectral type calibration of Tokunaga (2000). The procedure
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Fig. 4. Two views of the interstellar medium in the surveyed field, with the main structures in the region marked. The top panel presents the view
in the MSX band A (6.8-10.8 um), while the bottom one presents the Canadian Galactic plane survey (CGPS; Taylor et al. 2003) radio continuum
emission at 21cm. The symbols mark the stars photometrically selected in the current work after removal of those whose spectra do not confirm
their O or B spectral type. Red circles are previously known O and B stars with classifications available in the literature; dark blue squares are stars
newly found in the current study and spectroscopically confirmed as having O or B types; and light blue triangles are photometrically selected
candidate O and B stars without available spectroscopy. The field is 6° x 4°, Galactic latitude increasing toward the top and Galactic longitude

toward the left.

used is the same as that described in more detail in Comerén
et al. (2008). Class V temperatures and colors were adopted in
the cases for which no luminosity class could be determined.
Given the typical estimated uncertainties of 0.5 subtypes in the
spectral classification and 2 classes in the luminosity class, and
that the uncertainty in the spectral type versus temperature cal-
ibration is on the order of the difference between the ‘obser-
vational’ and the ‘theoretical’ temperature scales of Martins et
al. (2005), we estimate the uncertainty in the temperature to be
Alog Teff ~ 0.04 dex. We adopt 0.5 mag as the uncertainty in
the dereddened V magnitude, Vj, to jointly account for the ef-
fects of possible binarity and the error introduced during the
dereddening procedure by the scatter in the intrinsic color, uncer-
tainties in the spectral classification, and possible deviations of
the actual extinction law from the adopted one (e.g. Terranegra
et al. 1994).

@)}

Following the derivation of Tt and Vj in this way, we es-
timated initial mass and age of each star using the evolution-
ary tracks of Lejeune & Schaerer (2001). The chosen set of
isochrones was computed for solar metallicity, as appropriate
for a nearby recently formed population, and assumed enhanced
mass loss (Meynet et al. 1994), as this prescription had been
shown to most closely reproduce the low luminosity of some
WR stars, as well as the surface chemical composition of WC
and WO stars and the ratio of the number of blue to red super-
giants in the star clusters of the Magellanic Clouds. As a starting
point, we adopted for all the stars a common distance modulus of
DM = 10.8 following the extensive discussion of Hanson (2003)
about the distance to Cygnus OB2, and the accurate trigonomet-
ric derivations produced by Rygl et al. (2011) for sources in the
contiguous Cygnus X complex. We later discuss this assumption
in the light of our results.
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Fig. 3. Top: Histogram of the B magnitudes of the known stars in the
area selected by our criterion (solid line) and those newly found in this
work (dashed line). The latter include both spectroscopically confirmed
stars, and those photometrically selected but for which spectroscopy is
not yet available. Bottom: Histogram of derived extinctions toward the
spectroscopically classified stars in the area, both previously known and
newly identified in this work.

Initial masses and ages were assigned by measuring the dis-
tance of each star, expressed in units of the respective uncertain-
ties in T and My given above, to the mesh-points in the avail-
able models. The results are presented in Table 7. To estimate
the accuracy of the derived initial mass and age, we computed
for each star two Gaussian distributions centered at the derived
My and T.g values respectively, and with a variance set equal to
the estimated uncertainty in those quantities. By randomly vary-
ing My and Teg in consistency with the aforementioned vari-
ance, we produced best fits to the isochrones in a similar way to
that outlined above. In this way, we were able to construct for
each star the distributions of best-fit ages and initial masses de-
fined by the derived My and T and their respective uncertain-
ties. We first removed the outliers from the distributions using
a sigma-clipping (30-) procedure, and later computed their stan-
dard deviations, which we then assumed to be the 1-o errors in
the best-fit age and initial mass. Using this procedure, we esti-
mate the uncertainty in the best-fit age to be about 20%, while
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Fig. 5. Location of stars in the young (asterisks), intermediate (four-
pointed stars), and old (three-pointed stars) age groups defined in the
text in the surveyed area. The approximate boundaries of the associa-
tions are marked.

that in the best-fit initial mass is ~ 10% for initial masses below
30 Mg, and ~ 20% for higher initial masses.

5. Discussion

Figure 4 presents two views of the interstellar medium tracing
the major structures in the region centered on Cygnus OB2, and
covering the area where we searched for candidate O and B stars.
The stars listed in Tables 1 to 4 are also superimposed. The
top panel displays a map obtained with the Midcourse Space
Experiment (MSX) satellite (Price et al. 2001) in the A (6.8-
10.8 pum) band, mainly tracing thermal emission from heated
dust. The bottom panel shows the view in the 21 cm radio contin-
uum, dominated by ionized gas emission and some non-thermal
sources in the region. The main structures of the interstellar
medium are indicated on the images. Figure 5 shows our de-
limitation of the boundaries of Cygnus OB2 and OB9 and the
location of all the spectroscopically classified stars. This delim-
itation is similar to that of Garmany & Stencel (1992) and is
obviously to some extent subjective. This caveat must be kept in
mind in the discussion that follows, particularly when referring
to stars that are near the adopted boundaries of the associations.
Stars are plotted with different symbols according to their de-
rived ages: asterisks, four-pointed stars, and three-pointed stars
indicate young (< 4 Myr), intermediate (4 — 10 Myr), and old
(> 10 Myr) stars, respectively.

5.1. Cygnus OB2

The concentration of O and B stars that form the Cygnus OB2
association clearly stands out in Fig. 4 and 5. While this con-
centration closely matches the stellar overdensity contours de-
rived by Knddlseder (2000) from 2MASS star counts, previously
known members cluster toward higher Galactic longitudes. They
define the sub-area within Cygnus OB2 that has been most stud-
ied by previous surveys (Massey & Thompson 1991) and where
the very early-type, most luminous members, which led to the
initial identification of Cygnus OB2 (Miinch & Morgan 1953;
Schulte 1956), are located together with X-ray emitting stars
(Albacete Colombo et al. 2007, Wright et al. 2009). The exten-
sion of Cygnus OB2 beyond this sub-area was confirmed by the
identification and classification of new early-type members by
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Fig.6. Temperature-absolute magnitude diagram of stars in

Cygnus OB2 selected by our criteria, assuming for the absolute
magnitude a distance modulus DM = 10.8. Isochrones (dotted lines
) and evolutionary tracks of stars of various masses (dashed lines)
from Lejeune & Schaerer (2001) are plotted. Filled circles are stars
of luminosities IV and V, open squares are giant stars of luminosity
classes II and III, and open triangles and stars of luminosity class 1.
Typical uncertainties in both absolute magnitude and temperature as
described in the text are represented in the lower right.

Comero6n et al. (2002, 2008) and the identification of large num-
bers of candidate A-type stars through narrow-band imaging by
Drew et al. (2008), who also noted that their distribution is off-
set toward lower Galactic longitudes than the main body of the
association.

A comparison of the positions of stars in the Teg vs. My
diagram with the isochrones and evolutionary tracks used for
our analysis, as shown in Fig. 6, supports the adopted distance
modulus DM = 10.8, with only two luminosity class V stars ly-
ing slightly below the ZAMS. With very few exceptions, stars
belonging to different luminosity classes are reasonably well-
separated in absolute magnitude. The most discordant case ap-
pears to be J20314965+4128265, classified as O9III by Kiminki
et al. (2007), although a previous classification as 09.5V by
Schulte (1958) agrees more closely with its position in the Teg
vs. My diagram. The comparison with the isochrones indicates a
considerable age spread among the members, many of which are
older than 3-4 Myr. The spatial location of the stars in the differ-
ent age groups shown in Fig. 5 shows that the older stars, which
compose most of our sample of newly identified members, tend
to be located at low Galactic longitudes. This agrees with the re-
sults of Drew et al. (2008), who assigned a representative age of
7 Myr to their sample of A-type candidate members of the asso-
ciation using the same distance modulus that we adopt here. It is
also consistent with Hanson (2003) who showed that the evolved
early B-type stars in the sample of Comerdn et al. (2002) tend to
be displaced from region preferentially occupied by the early O
stars.

Several attempts have been made to derive the initial mass
function of Cygnus OB2, assisted by the abundance of very high-
mass stars that comprehensively cover its uppermost end. For a
power-law mass function of the form dé(M) = M~ dlog M,
where dé(M) is the number of stars of mass M per logarithmic

mass interval, Massey & Thompson (1991) foundI' = —1.0+0.1,
which was corrected to I' = —0.9 + 0.2 in the reanalysis of the
data by Massey et al. (1995). The region considered is the one
containing the highest concentration of stars, which, as we have
seen, is also the youngest one, thus less biased by evolution-
ary effects. A steeper slope of the mass function over a wide
range of masses, I' = —1.09 + 0.13, was found by Wright et
al. (2010) from their sample of X-ray emitting stars. Similarly,
Knodlseder et al. (2002) derived I' = —1.1+0.3 based on a rather
heterogeneous compilation of data, again based on the youngest
parts of the association. Using a different approach based on
2MASS star counts and infrared colors, Knddlseder (2000) de-
riveI" = —1.6+0.1 assuming main sequence absolute magnitudes
for O and B stars. Since the latter study also includes the older
stars of the association, it is quite possible that the steeper slope
with respect to the other works cited above is due to the disap-
pearance of the most massive members that initially populated
Cygnus OB2.

Trying to derive the initial mass function at the high-mass
end over the whole Cygnus OB2 association from our sample
is fraught with uncertainties despite our homogeneous member
candidate selection criteria. Besides the significant uncertainties
in the model fits possibly caused by binarity, rotation, angle of
view, and the models themselves, stellar evolution has progres-
sively depopulated the upper main sequence in the older parts of
the association. Infrared surveys have revealed early-type mem-
bers of Cygnus OB2 obscured by extinctions of up to a few tens
of magnitudes in the visible (Comeron et al. 2002), implying that
much of its stellar content remains undetected when selection
criteria involving visible bands are involved. This in turn implies
that there is a a bias when magnitude-limited samples are con-
sidered, as the brighter stars remain detectable at higher extinc-
tion, and thus over larger volumes. When age-limited samples
are considered, the slow evolution of the least massive stars on
or near the main sequence makes their assignment to the differ-
ent age groups difficult. Finally, both assigned masses and ages
depend significantly on the precise distance adopted for the as-
sociation.

In view of these difficulties, we attempted to produce a rough
estimate of the initial mass function slope by using an extinction-
limited sample defined by stars with Ay < 6, initial masses
in the range 43 My > M > 17 My, and age < 4 Myr. The
lower mass limit corresponds to the onset of incompleteness of
the sample for extinctions within the range defined above, and
the upper mass limit by the evolution of the most massive stars
beyond the temperature range within which our color-based se-
lection criteria can select them. The adopted limits in extinc-
tion and age thus represent a compromise, yielding a sample of
20 stars over a relatively wide mass range. Extending the mass
range would require restricting the sample to younger ages in
order to avoid evolutionary effects, whereas allowing for larger
extinctions would require the use of a higher value of the low-
mass cutoff to avoid sample incompleteness. We then divided the
selected mass range into two bins, a ‘higher mass’ bin with Ny;gn
stars having M; > 25 M, and a ‘lower mass’ one with N, stars,
and estimated I" from

-r -T

Nhigh M — Mg
- -I _ g °
NIOW Mlow Msplil

where M),y and My;g, are respectively the low- and high-mass
ends of the mass range under consideration. Taking into account
the considerable uncertainties in Ny;gn and Njoy (caused by stars
that lie near the boundary between both bins, as well as stars that
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Fig.7. Full normalized spectrum of BD+40 4210 obtained with
CAFOS, showing the broad emission features near 5600 A and 5800 A.

lie near the limits of the mass and age ranges considered), we ob-
tained I' = —2.1 + 1.6. The very large uncertainty thus renders
the shape of the upper end of the initial mass function in Cygnus
OB?2 virtually unconstrained by our results, and illustrates the
difficulties encountered in trying to determine the shape of the
initial mass function in an association where significant evolu-
tion has already taken place at the high-mass end, and where
interstellar extinction restricts samples selected based on visible
fluxes to a small fraction of the total census.

5.1.1. BD+40 4210

Among the new Cygnus OB2 candidate members located at
low Galactic latitudes, BD+40 4210 is distinctive because of its
brightness, which at Kg = 4.466 makes it one of the bright-
est members of the association. We derived an absolute magni-
tude My = —7.66 and a mass of 54 M, for this star. We tenta-
tively assigned to it a B11III:e spectral type, noting that its pho-
tospheric lines are generally much shallower than those of other
B1III stars, as shown in Fig. 7. Furthermore, we observed broad
emission features near 5600 A and 5800 A, which we tentatively
ascribed to OV (1 = 5592 A) and CIV (1 = 5805 A). These are
strong features in the spectra of some Wolf-Rayet (WR) stars
of the WC and WO types (e.g Vreux et al. 1983, Crowther et
al. 1998), although their intensity in WR stars, especially for
the CIV emission, is much stronger than that observed in the
spectrum of BD+40 4210. We do not observe any other obvious
emission lines in the wavelength range covered by our obser-
vations, which unfortunately excludes Ha. A visible light curve
of BD+40 4120 obtained over a period of 186 days at an effec-
tive wavelength close to that of the R band is available from the
Northern Sky Variability Survey (WoZniak et al. 2004). It is char-
acterized by an amplitude slightly below 0.1 mag and a possible
period of 100 days.

The estimated temperature and luminosity of BD+40 4210
most likely place it within the S Dor instability trip and close
to its high-temperature edge (Smith et al. 2004), where hot lu-
minous blue variables (LBVs; see e.g. Humphreys & Davidson
1994, Smith et al. 2010) are located. A search for circumstel-
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Fig. 8. Same as Fig. 6, now for the stars within the boundaries assigned
to Cygnus OB9

lar nebulosity in archive Spitzer images of the region around
BD+40 4210, hinting at past LBV-like eruptive episodes, yields
negative results. However, it is remarkable that BD+40 4210
lies only 11 ‘4 (4.8 pc projected distance at 1450 pc) from the
LBV candidate G79.29+0.46, which is surrounded by a ring
nebula well-studied at infrared and radio wavelenghts (Wendker
atal. 1991, Umana et al. 2011 and references therein). A cluster-
ing of emission-line objects was reported by Vink et al. (2008)
near the same area. The central source of G79.29+0.46 with
Ks = 4.33 is even brighter than BD+40 4210 and much more
reddened if its near-infrared emission is entirely photospheric.
It is also detected at visible wavelengths, but its classification
is impossible based on the available spectroscopy (Higgs et
al. 1994). The presence of two such very massive stars within
a short distance, projected onto a region generally populated by
post-main sequence less-massive stars, shows that star formation
in this part of Cygnus OB2 has been taking place sustainedly for
a long time, as discussed in Sect. 5.1.

5.2. Cygnus OB9

Cygnus OB9 spans an area of roughly 4° x 3° in Galactic lon-
gitude and latitude (Garmany & Stencel 1992). Our survey cov-
ers only the high Galactic longitude region beside Cygnus OB2.
At low Galactic longitudes, Cygnus OB9 merges with Cygnus
OB, possibly forming a single vast conglomerate (Mel’nik &
Efremov 1995; Schneider et al. 2007). The T.¢ vs. My dia-
gram of the stars in Cygnus OB9 is plotted in Fig. 8 for the
same distance modulus DM = 10.8 of Cygnus OB2. This in-
dicates that Cygnus OB9 is dominated by both intermediate -
age and old stars if it is indeed located at that distance. The
presence of B stars with luminosity classes I to III and the
upper envelope of the distribution of luminosity class IV-V in
the Ter vs. My diagram presented in Fig. 8 are consistent with
those estimates of the distance and the age. However, a signifi-
cantly closer distance, perhaps as close as the value of 1.0 kpc
(DM = 10.0) derived by Garmany & Stencel (1992) is not en-
tirely ruled out by our results. It would imply a younger age
for most of members of Cygnus OB9, and would make a phys-
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Fig. 9. Full normalized spectrum of J20223777+4140292 obtained with
CAFOS, showing the emission features of NIII (4640 A) and Hell
(4686 A).

ical relationship with the complex out of which Cygnus OB2
formed implausible, on the basis of the large distance between
them along the line of sight. However, such a short distance
would also imply that the four bona-fide supergiant members of
Cygnus OB9 (the already known B0.5Tb HD 228929 and B0.51a
HD 228882, plus the newly found Blla J20214410+4012529
and OSIf J20223777+4140292 discussed below) are signifi-
cantly less luminous than supergiants with similar spectral types
in Cygnus OB2. We thus favor a common distance to both
Cygnus OB2 and OB9. On the other hand, the location of the
class V stars identified in Cygnus OB9 is hardly consistent with
the value of DM = 11.2 derived by Delgado & Alfaro (2000)
for the open cluster NGC 6910, which is normally assumed to
be a member of Cygnus OB9. The discrepancy between the dis-
tance estimates to NGC 6910 and the surrounding Cygnus OB9
was already noted by Garmany & Stencel (1992), and reinforced
by later studies (e.g. Kotaczkowski et al. 2004), including the re-
sults presented here. The possibility that NGC 6910 may actually
be an unrelated cluster in the background of Cygnus OB9 would
explain this discrepancy.

The existence of a wide range of distances among the early-
type stars selected by our criteria, particularly the existence of
early-type stars beyond the main body of Cygnus OB2 and pos-
sibly beyond NGC 6910, is supported by our finding of giants
and supergiants with unreddened magnitudes in the same range
as class V stars of similar temperature, a feature that is virtually
absent from the Ty vs. My diagram of Cygnus OB2. The super-
giant spectral classification is doubtful for J20243872+3930301,
which we tentatively classify as BOI: (owing to the noisy spec-
trum available), but more robust for J20215160+3959496 (B11b)
and J20190610+4037004 (09.71ab). We believe that the latter
two stars are likely to be in background of Cygnus OB9, and
might even belong to the more distant Perseus arm. Other gi-
ants with faint derived absolute magnitudes may also be in the
background.

As noted above, we find among the new members
of the association a previously unnoticed OSIf star,
J20223777+4140292, which may be the most massive

10

-8

-7k ,_f
N 0 .- z
—6 - y ""///// =
fOMyr” - s L R
L E . SM/YI’ 7 >0M 7 ',/,;'// i
L e e 1 e’ 75 i

> v x 7 o~ Yr 12 .
= -5 n / e // 7 > L -]
- N
4 -]
3L ]
[ Field ]
oL L R N 4 | / ]
4.6 4.4 4.2 4

].Og Teff (K)

Fig. 10. Same as Fig. 6, now for the stars outside the boundaries as-
signed to either Cygnus OB2 or Cygnus OBO.

member of Cygnus OB9 at present, with an estimated initial
mass of 40 M. Emission lines of NIII near 4640 A and Hell at
4686 A are prominent in its spectrum shown in Fig. 9. This star,
together with other mid O-type stars previously known, shows
that massive star formation occurred throughout the association
until few million years ago.

5.3. The field population

Some of the stars previously known in the region, as well as
some newly discovered ones, are found outside the boundaries
assigned to either both Cygnus OB2 and OB9 or any other ag-
gregate. The distinction between his field population and mem-
bers of the associations is sometimes difficult given the lack of
definite boundaries for the latter. Furthermore, at least one star in
the field population, BD+43 3654, is most likely to be a runaway
star recently ejected from Cygnus OB2, as shown by Comer6n
& Pasquali (2007), rather than a true field member. However, the
number of identified stars well outside the approximate bound-
aries of the OB associations argues that there has been sustained
massive-star formation activity in the field, and proper motions
listed in the UCAC3 catalog do not provide evidence of a signif-
icant population of runaway stars.

The overall distribution of stars that we assign to the field
population in the Teg vs. My diagram, shown in Fig. 10, agrees
with a distance modulus that is also consistent with those of the
two associations. The location of the sequence defined by lu-
minosity class V stars occupies a similar position, and stars of
luminosity classes I to IIT appear generally above the sequence.
It is thus likely that the field population is physically associated
with the rest of the past and recent star forming activity in the
region, as we discuss in Sect. 5.4.

Most of the field stars are B-type and belong to the inter-
mediate and old age groups defined above, but there are also
some O stars that indicate that there has been episodic massive
star formation within the past 3-4 Myr. These stars bridge the
gap between the older population and the current numerous star-
forming regions in the Cygnus X complex, which is largely lo-
cated outside the boundaries of the associations.
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It is unclear whether the most luminous star in Fig. 10, the
already known B0.5Iae star HD 194839, belongs to the field pop-
ulation, as it lies in the narrow region between Cygnus OB2
and OB9 and may also be a member of either association. Its
kinematics makes it unlikely that HD 194839 is a runaway star
(Tetzlaff et al. 2011), and Spitzer mid-infrared imaging of its
surroundings shows no evidence of a bow shock.

5.3.1. Isolated O stars in the field

The intermediate-age and old stars in the field may be the most
massive remnants of former associations or loosely bound clus-
ters that have already dissolved, or the result of the early dy-
namical evolution of the existing associations. Nevertheless, the
presence of a few young massive stars that are clearly indepen-
dent of the known associations confirms that recent massive star
formation has taken place in the field. Because of their location
and youth, these stars are good test cases to investigate whether
massive stars can form in isolation (Zinnecker & Yorke 2007).
Some compelling cases of likely isolated formation of massive
stars have been reported in the Large (Chu & Gruendl 2008) and
Small Magellanic Clouds (Selier et al. 2011), and the fraction
of actual isolated O stars in the Milky Way was assessed by de
Wit et al. (2004, 2005) to be between 5% and 10%.

The proximity of the Cygnus region to the Sun provides
some advantages over studies of more distant stars in that mean-
ingful kinematical information is available. It is also possible to
check for the presence of accompanying clusters of low-mass
stars that may show that the existence of the apparently isolated
massive stars is actually a consequence of the random sampling
of the initial mass function in the formation of relatively low-
mass clusters, as proposed by Parker & Goodwin (2007).

We chose to observe the stars BD+42 3760 (08.5V),
J203255714+4307583 (09.5V), and J20462826+4223417
(O9V), which are located more than one degree outside the
adopted boundary of Cygnus OB2 (that is, more than 25 pc
of projected distance). We performed UBV imaging of the
field surrounding each of them as described in Sect. 3.2. The
field of view of the instrument corresponds to a projected
area of 4.2 X 4.2 pc? at the adopted distance of Cygnus OB2,
which is adequate to cover the whole extent of a Pleiades-
like cluster. UBV photometry provides a traditional way of
identifying early-type stars through the reddening-free index
Q = (U - B) - 0.72(B - V), which assumes an interstellar
reddening law characterized by a total-to-selective extinction
ratio Ry = Ay/E(B — V) = 3.1. Using the main sequence colors
from Drilling & Landolt (2000), early-type candidate stars in
each field (spectral type approximately B1V and earlier) were
identified as those having Q < —0.7.

Figure 11 shows images of each field, together with the
color-color and color-magnitude diagrams. The central O star of
each field is marked in both diagrams, as well as the candidate
early-type stars identified by means of their Q indices. Although
stars with Q < —0.7 are identified in all fields, none of them
show evidence of a physical clustering of early-type stars around
the targeted O star, as in all cases the early-type candidates are
too faint to be early-type stars at the same distance. Indeed, stars
with negative values above the threshold identifying early-type
stars are always below the line indicating the location of BOV
stars reddened by different amounts, which probably indicates
that they are in the background.

An intriguing feature of the (U — B),(B — V) dia-
grams of the stellar population around BD+42 3760 and
J20462826+4223417 shown in Fig. 11 is the appearance in both
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Fig. 12. Histogram of derived ages of stars within the boundaries of
Cygnus OB2 (solid line), Cygnus OB9 (dashed line), and in the field
(dotted line). The histograms include all the O and B stars selected by
our photometric criteria for which a spectroscopic classification is avail-
able, either from the literature or the present work.

cases of a group of stars with very red (B — V) colors and un-
usually negative Q indices, even larger in absolute value than
expected if they were very early-type, highly reddened stars.
Despite the photometric uncertainties, their unusual brightness
in the U band compared to their (B— V) color is well-established
by their very detection in U. Their faintness combined with their
very red (B — V) colors would place them below the U-band de-
tection limits if they had normal photospheric colors, and that
they are detected in U despite their faint and very red B, V mag-
nitudes indicates that they have unusually high ultraviolet fluxes.
The Q indices continue to be exceptionally negative even if the
coefficient multiplying the (B — V) term in the expression giving
Q above is changed to any other reasonable value.

Rather than being background early-type candidates, the
combination of red (B — V) and blue (U — B) colors of these
stars with highly negative Q indices leads us to propose that
these may be instead intermediate- or low-mass stars undergo-
ing the intense accretion that can cause strong ultraviolet ex-
cess. If this interpretation were correct, then the color-color
and color-magnitude diagrams may imply that there is a pop-
ulation of lower-mass stars in the fields of BD+42 3760 and
J20462826+4223417. This might lend support to the hypothe-
sis of Parker & Goodwin (2007) that apparently isolated O stars
are actually the most massive members of clusters containing a
normal population of lower-mass stars, in which the presence
of the very massive star and the apparent absence of other O
and B stars is due to the random sampling of the initial mass
function. Unfortunately, a lack of spectroscopic data does not al-
low us to confirm the nature of these objects for the time being.
Furthermore, their spatial distribution shows no obvious concen-
tration toward the O stars, thus casting doubts on the possible
physical association with them.

5.4. An overall picture of star formation history in the region

The distributions of stellar ages in the areas of Cygnus OB2,
OB, and the field are shown in Fig. 12. Reconstructing the star
formation rate from those distributions would require corrections
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Fig. 11. Images, color-color, and color-magnitude diagrams of the fields around the late O-type stars BD+42 3760, J20325571+4307583, and
J20462826+4223417. The O stars are the brightest stars slightly left of the center of the images. North is at the top and east to the left in all
the images, and the field of view measures approximately 1071 x 10!1. The thick dots in the color-color and color-magnitude diagrams represent
intrinsically blue stars. These stars are characterized by a value of the reddening-free index Q = (U — B) — 0.72(B — V) < —0.7. The solid lines
represent the locus of the unreddened main sequence at a distance modulus DM = 10.8. The dotted lines are the extinction vectors that have their
origin at the position of a BOV star, with a length corresponding to an extinction Ay = 10 mag. The uncertainties in the photometry of the faintest

stars plotted in each diagram are noted in the lower left.

for stellar evolution and the variation in the depths reached in
the different regions owing to the varying amount of extinction.
Nevertheless, some general features can be appreciated from the
figure. Some degree of massive-star formation has been main-
tained in the whole region for at least the past few tens of Myr.
The star formation activity in Cygnus OB2 started to increase
dramatically around 10 Myr ago, peaking at about 3 Myr ago
with the formation of the dense aggregate of very hot and lu-
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minous stars that nowadays dominates the northern part of the
association.

The use of the B magnitude in our criteria to select O and B
stars introduces a bias in our sample against the youngest mem-
bers of the region, which may be expected to be located in areas
where large amounts of embedded molecular gas and dust are
still present. The reality of this bias is confirmed by a compar-
ison of our results with those of Comerdn et al. (2008), where
the selection of stars is based on near-infrared colors alone. The
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results presented in that work show a noticeable abundance of
highly obscured early-type stars to the north of Cygnus OB2
(higher Galactic longitudes), coincident with the densest con-
centrations of molecular gas of Cygnus X North (Schneider et
al. 2006), where massive-star forming regions such as DR17,
DR21, DR23, and W75N are located. Almost no stars with low
or moderate levels of extinction are detected in the present work
in that area.

The distribution of ages within and among massive-star
forming sites suggest an overall, grand-scale picture in which
massive-star forming activity has been widespread in the region
for tens of Myr. In the past (> 10 Myr ago), most of the massive-
star formation took place in the south (lower Galactic longi-
tudes), producing the Cygnus OB9 association. Some 10 Myr
ago, the main episode of star formation activity started moving
north, to the southern part of Cygnus OB2, and progressed north-
ward until its culmination about 3 Myr ago with the formation of
the major concentration of massive stars in the north of Cygnus
OB2. The location of embedded massive stars outside the bound-
aries of Cygnus OB2 reported by Comer6n et al. (2008) shows
that star formation continues to proceed northward at the present
time in Cygnus X north, which will perhaps lead to the emer-
gence of a new association in a few Myr from now on, as also
suggested in that work. This general picture shows more com-
plexity on smaller scales, with the existence of stars within the
boundaries of Cygnus OB9 that are younger than the bulk of the
stars in the southern part of Cygnus OB2, and the existence of
very massive young stars such as BD+40 4210 in that same area
of Cygnus OB2, or the coexistence of young O-type stars with
evolved B stars in the field.

6. Conclusions

We have presented an improved census of moderately obscured
O and early B stars in the wide area surrounding Cygnus OB2
that substantially increases the number of known OB stars in
this region. Our selection criteria, based on the B/JHK magni-
tudes published in the USNO-B and 2MASS all-sky catalogs,
produce a homogeneous sample limited by design to B < 16
and K < 9. Based on the confirmation rate that we obtain from
the spectral classification of 117 stars, we estimate that approxi-
mately 80% of the objects selected as early-type candidates are
indeed O or early B stars. Similarly, by comparing with samples
obtained by Massey & Thompson (1991) using UBYV colors, we
estimate that our selection criteria recover approximately 80% of
the stars in the O-B2 spectral range within the magnitude limits
quoted above. This is still far from providing a complete cata-
log of the massive stellar content of the region, as much of it
remains inaccessible to visible wavelengths owing to heavy ob-
scuration. However, it enables studies of the large-scale star for-
mation trends over the region and the discovery of new objects
of particular interest.
Our main findings can be summarized as follows:

— A distance modulus of DM = 10.8 (Hanson 2003), inferred
from recent trigonometric distance determinations to sources
in the region (Rygl et al. 2011), is in good agreement with
the position in the temperature-absolute magnitude diagram
of the spectroscopically classified stars in the region. No ob-
vious differences in distance appear between O and B stars in
Cygnus OB2, Cygnus OB9, and the field. At a given temper-
ature, main sequence, giants, and supergiants tend to appear
clearly separated in the temperature-absolute magnitude di-
agram built by assuming a common distance modulus.

— Using individual stellar ages derived from the compari-
son with theoretical evolutionary tracks, the entire region is
found to display a mixture of ages ranging from less than
3 Myr to over 10 Myr, thus indicating a long sustained rate
of star formation.

— The presence of evolved stars in Cygnus OB2 is used to in-
fer that a vigorous massive-star formation activity started
about 10 Myr ago and culminated 3 Myr ago. The associ-
ation extends beyond the area occupied by the youngest and
hottest members of Cygnus OB2 where most studies have
ben thus far concentrated. The southern part (lower Galactic
longitude) of the association is clearly older, although it does
contain some very massive objects formed in the past few
millions of years. The extension of the association and the
older age of the southern part confirms previous findings
(e.g. Drew et al. 2008, Wright et al. 2010), mostly based on
less massive stellar members of the association.

— BD+40 4210, a new member of Cygnus OB2 that we have
classified as B1IIl:e, is a remarkable member of this associ-
ation. It has an estimated mass of 54 My and is one of the
most luminous members of the association. Its location in
the temperature-luminosity diagram places it in the S Dor
instability strip occupied by luminous blue variable (LBV)
candidates (Smith et al. 2004). Apart from moderately in-
tense, broad emission features near 5600 A and 5800 A and
some likely variability at the 0.1 mag level, there is no evi-
dence of past outbursts that would qualify BD+40 4210 as a
LBV candidate. Most remarkably, BD+40 4210 is only 11’
away from G79.29+0.46, a bona-fide LBV candidate at the
center of a compact ring nebula.

— If it lies at the same distance as Cygnus OB2, Cygnus OB9
is clearly older, although it does contain some mem-
bers younger than 4 Myr, particularly the OSIf star
J20223777+4140292, which, with an estimated mass of
40 My may be the most massive member of the association
at present. A distance modulus of DM = 11.2, similar to that
found by Delgado & Alfaro (2000) for the cluster NGC 6910,
is inconsistent with our results, thus casting doubts on the ac-
tual membership of NGC 6910 in Cygnus OB9.

— We have discovered many new O and B stars in the field,
which are not obviously related to larger structures. The po-
sition of most of these stars in the temperature-magnitude
diagram is consistent with a common distance to both
Cygnus OB2 and OB9. A variety of ages is found among
these stars, which include some unevolved late O-type stars.

— The UBV imaging of the fields around three apparently
isolated O stars does not show any evidence of clustering
around them. However, the fields around two of these stars
seem to contain objects with strong ultraviolet excesses,
which perhaps indicates that there has been intense accre-
tion onto young intermediate- or low-mass stars. The nature
of these objects and their possible relationship with the O
stars remain unclear at present.

— An overall pattern of star formation propagation is sug-
gested by the distribution of ages in the region under study.
According to this picture, massive-star formation over the
past 10-20 Myr has proceeded from lower to higher Galactic
longitudes, starting from Cygnus OB9, continuing in the
southern part of Cygnus OB2, and increasing in its north-
ern part about 3 Myr ago, when the compact aggregate of
hot, luminous stars that dominate the current appearance of
Cygnus OB2 in the visible was formed. Intense massive-star
formation activity is observed to be taking place at present
in the Cygnus X north complex, located further north from
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Cygnus OB2, suggesting that the northward propagation of
star formation in the region continues. However, the more
detailed view of the star formation history made possible by
the availability of individual age determinations appears to
follow a more intricate scenario, in which recent star forma-
tion also has taken place in the areas dominated by an older
component.
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Table 1. Known, spectroscopically classified O and B stars in the region

Object a 0 B J H Ks Sp. type Source Notes
(2000) (USNO B) (2ZMASS)
HD 228821 20 18 04.930 440 06 06.80 9.254 8.874 8.951 8928 B8 1 (a)
HD 193426 201839.749  +40 13 36.89 8.809 5.014 4.650 4.357 BIla 2
HD 228882 2018 57.784  +4042 18.52 10.202 6.522 6.181 5966 BOSIa 2
HD 228911 201921.712 44053 16.46 8.726 7.801 7.7773 7.771 B2 1 (b)
HD 228919 201927908 +40 27 42.09 10.174 8339 8.216 8.143 BIIV 2
HD 228928 201932709 +4039 13.75 10.406 7.596 7.295 7.148 B2Ib:nn 2
HD 228929 201936.542 43954 41.80 10.689 6.866 6.494 6.284 BO0.5Ib 2
HD 228941 201940.169 +405319.19 9.182 8.146 8.084 8.082 B3 1
HD 193945 202125.823 +411139.56 9.053 6.995 6.856 6.773 BOVnn 2
HD 194092 202205443 44059 08.17 8.354 7.972 8.013 8.022 BO0.5II 2
HD 194194 202244760 +404252.63 8.160 8.081 8.128 8.169 B2III 2
NGC 6910 #16 2023 07.301 +4046 55.25 11.285 8512 8.265 8.124 B3 3 (c)
NGC 6910 #14 2023 07.575 44046 08.87 10.880 8.491 8.237 8.149 BO0.5V 3 (©)
BD+40 4146 2023 10.464 +404552.34 10.288 7.731 7.467 7.361 B3 6
HD 229196 2023 10.784 +405229.85 9.260 6.353 6.079 5917 OS5 2
BD+40 4148 2023 14.549 44045 19.07 11.051 8.167 7.929 7.795 09.5:V 4
HD 229202 202322840 +4009 22.53 10.309 7.604 7.429 7.312 O8V: 2
BD+38 4058 2023 28.531 +392059.05 11.457 8.157 7912 7775 BOV 5
J20240515+4046035 2024 05.154 +4046 03.51 12.308 8.653 8.325 8.158 BO0.5V 7
HD 229250 2024 11.733  +394041.54 10.887 7267 6984 6.817 O7 5
BD+39 4168 202421.475 +3946 03.90 10.872 7.343 6963 6.771 O7 5
BD+40 4159 202506.521 +403549.78 11.343 7941 7.645 7490 O9V 7
BD+39 4177 202522.122  +40 13 01.09 9.890 6.857 6.633 6.512 06.5 5
BD+39 4179 202528.893 +401254.13 12.202 9.074 8.752 8.642 BOII 7
HD 194779 202555.077 +412011.73 7.974 7.182  7.155 7.128 B3l 2
BD+39 4189 202620922 43940 10.06 10.360 7.115 6.803 6.584 B2p?e? 5
HD 194839 2026 21.545 +412245.65 8.342 5.240 4961 4724 BO0.5lae 2
LSII+39 53 2027 17.572 439 44 32.60 10.822 8.096 7.833 7.702 O7V: 8
BD+38 4098 202733.010 43846 19.62 9.681 6.875 6.663 6.500 BOIIb 2
BD-+40 4179 202743.616 +403543.51 10.115 8419 8.327 8256 O8V: 2
BD+41 3762 2028 15212  +422539.14 11.123 8.288 8.002 7.852 B2V 2
BD-+40 4185 2028 15471 +4038 19.81 10.474 8.026 7.859 7.786 BOV: 2
HD 195213 2028 32.027 +4049 02.88 9.504 6.668 6.440 6.258 O7 2
J20294666+4105083 2029 46.672 +41 05 08.32 12.870 9.033 8.636 8.457 BO0.5V(n) sb2? 9
J20295701+4109538 2029 57.010 +41 09 53.84 13.013 9.119 8702 8452 BOV 9
J20300788+4123504 20 30 07.877 +41 23 50.44 15.640 9.397 8.739 8365 O8V 10
V1827 Cyg 203027300 +411325.13 14.740 7.630 6.850 6.445 Ofpe 10
J20303970+4108489 2030 39.701 +41 08 48.80 12.429 6.928 6.328 5.980 BO0.7Ib 9
J20303980+4136506 20 30 39.805 +41 36 50.63 14.100 9.098 8574 8313 06V 11
J20305111+4120218 203051.115 +412021.78 15.290 9.794 9.193 8.889 B0V 11
J20305552+4054541 203055.516 440 54 54.03 14.060 9.247 8759 8474 BOV 10
J20305772+4109575 203057.727 44109 57.51 14.610 9.093 8514 8.198 09.5V 10
J20310019+4049497 20 31 00.204  +40 49 49.70 12.077 8378 8.016 7.826 O7V(() 9
J20310838+4202422 2031 08.376 +420242.25 13.102 7.828 7.292 7.023 0O9.711 9
VICyg 1 203110.543 +413153.53 12.486 7.968 7.556 7.365 09V 2
J20311833+4121216 2031 18.329 44121 21.65 14.130 8.607 8.046 7.746 09V 11
VICyg2 203122.026 +413128.40 11.711 8.075 7.750 7.628 Bllb: 2
J20312210+4112029 2031 22.101  +41 12 02.87 14.420 9.397 8928 8.629 B2V 10
J20313338+4122490 2031 33.378 +412249.02 14.970 9.744 9.222 8939 BIV 11
J20313690+4059092 2031 36.911 +40 59 09.06 15.380 7913 7208 6.811 O7Ib(f) 10
J20313693+4201218 2031 36.921 +4201 21.79 12.118 7.355 6956 6.657 BO0.7Ib 9
VICyg3 203137.506 +411320.99 11.633 6.498 6.001 5.748 O9: 2
J20314215+4225532 20 31 42.151 +422553.26 13.575 6.245 5.476 5.057 BIlIb 7
J20314540+4118267 203145403 +411826.73 13.620 8.065 7.552 7.259 O8I 11
J20314605+4043246 20 31 46.053  +40 43 24.61 13.840 8910 8.484 81257 BO.SIV 9
J20314965+4128265 2031 49.658 +41 28 26.50 12.567 9.074 8.768 8.634 OO9III 11
BD+41 3794 203202.204 +421226.15 11.399 7.544 7251 7.040 BO.2II 7
J20320689+4117570 2032 06.877 44117 56.97 15.130 9.624 9.070 8.786 B3V 11
VICyg4 2032 13.822 +412712.01 11.231 7.582 7.248 7.105 OT7IIf 11
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Table 1. continued.

Object a 0 B J H Ks Sp. type Source  Notes
(2000) (USNO B) (2MASS)

LS IIT +41 30 2032 16.563 +412535.67 12.249 8.714 8.389 8.185 09V 11
J20322734+4055184 203227.339 +4055 18.25 13.950 8.622 8.156 7.879 B2V 9

LS III +41 32 203227.738 +41 28 52.26 11.986 9.191 8.895 8.766 BOIb 11
J20323033+4034332 2032 30.310 +403433.22 14.000 7.892 7.365 7.070 09.51V 9
J20323154+4114082 2032 31.531 +411408.18 14.720 7.817 7.094 6.664 O7.5Ib-II(f) 10
J20323498+4052390 2032 34.848 +4052 39.46 14.980 9.435 8.894 8.605 B0.2V 10
J20323486+4056174 2032 34.865 +405617.35 14.930 9.382 8.858 8.564 O8V 10
J20323843+4040445 2032 38.441 +404044.48 15.330 8.347 7.705 7.383 OSIII 10
VICyg 16 203238.571 +412513.79 11.857 8.194 7918 7.716 O8V(n) 9
VICyg 6 203245450 +412537.57 11.670 7.953 7.617 7421 O8V 11
J20325002+4123446 2032 50.016 +412344.70 12.427 8.579 8.188 7.982 08V 11
J20325919+4124254 2032 59.057 +412424.79 12.820 8.885 8.523 8314 08V 11
J20325964+4115146 2032 59.633 +41 15 14.66 14.940 9.047 8.451 8.144 BOV 11
J20330292+4117431 203302913 +411743.16 14.500 8.718 8.165 7.873 08V 11
J20330292+4047254 2033 02.928 +404725.29 14.400 7.251 6.632 6.274 OS8II((f)) 9
J20330879+41131 2033 08.818 +411317.93 13.290 7.110 6.540 6.225 0411 11 (d)
V2186 Cyg 2033 10.502 +412222.44 13.910 9.537 9.113 8.897 B0V 11 (e)
VICyg9 203310.735 +411508.22 12.512 6.468 5.897 5.570 OSIf 11
J20331326+4113287 2033 13.264 +41 13 28.67 15.020 8.982 8.346 8.009 06V 11
J20331369+4113057 2033 13.688 +41 13 05.77 14.060 9.034 8.559 8280 O8V 11
VICyg 7 2033 14.110 +412021.91 11.857 7.248 6.818 6.611 O3If 11

VI Cyg 23 2033 15.685 +412018.75 12.920 9.333 8935 8724 09V 11

VI Cyg 8D 2033 16.256 +411900.16 12.580 8.842 8423 8239 08.5V 11
J20331748+4117093 2033 17.483 +411709.35 13.090 8354 17.889 7.649 O7V 11

VI Cyg 8C 203317982 +411831.19 11.059 7.165 6.792 6.579 OS5Il 11
J20331803+4121366 2033 18.035 +4121 36.67 12.698 8.744 8315 8.113 08V 11
J20332101+4117401 2033 21.016 +41 17 40.11 13.630 9.301 8.899 8.672 09V 11
J20332346+4109130 203323471 +4109 12.90 13.500 7.025 6380 6.050 OS5.5V 11
J20332557+4133269 2033 25.569 +413326.88 12.840 8.168 7.748 7.523 08.5V 12
J20332674+4110595 2033 26.756 +411059.42 14.240 8971 8434 8.165 08.5V 11
J20333030+4135578 2033 30.316 +413557.88 13.790 8.385 7.839 7568 O8V 12
J20333078+4115226 2033 30.791 +411522.70 12.645 6493 5.891 5.542 BII 11
BD+43 3654 2033 36.079 +435907.38 11.245 6.636 6.198 5973 OA4If 13 (f)
J20333700+4116113 2033 36.994 +411611.31 13.530 8.683 8.168 7.929 BOV 11
J20333821+4041064 2033 38.213 44041 06.35 14.700 6.904 6.170 5.745 BOIla 10
J20333910+4119258 2033 39.102 +411925.98 12.858 7.230 6.745 6.482 BOlab 11 (2)
J20334086+4130189 2033 40.863 +41 30 18.95 13.680 9.263 8.866 8.614 O7V 11
VICyg 10 2033 46.112 +413301.00 11.197 6.294 5.839 5.582 09.51a 2
J20334783+4120415 2033 47.831 +412041.37 13.051 7.986 7.487 7.209 BI1II 11
BD+37 3976 203349.752 +38 17 00.06 10.852 8.686 8.553 8447 B1.5Vn 2
J20335952+4117354 2033 59.527 +411735.46 13.180 8.534 8.140 7.889 09.5V 11
J20340435+4108078 2034 04.349 +41 08 07.91 14.850 9.685 9.163 8.887 BI1V 11
J20340486+4105129 2034 04.851 +410511.76 14.530 9.560 9.095 8.836 09V 11
J20340601+4108090 2034 06.017 +4108 09.13 14.840 9.047 8.494 8.154 09.5V 11
VICyg 11 2034 08.514 +413659.39 11.221 6.650 6.226 5.990 OS5I 11
J20341350+4135027 2034 13.511 +413502.86 13.562 8.550 8.148 7921 O7V 11
J20342193+4117016 2034 21.934 +41 17 01.66 13.660 8.388 7.878 7.602 OSIII + O8III 14 (h)
J20342894+4156171 2034 28.941 +415617.09 14.090 9.019 8.453 8.207 09V 15 )
J20342959+4131455 2034 29.599 +413145.49 13.369 7.560 7.030 6.709 O7V 11
J20344410+4051584 2034 44.146 44051 58.67 14.740 8.404 7.796 7.448 O6.51II(f) 10
J20344471+4051465 203444716 +405146.73 13.815 6.683 6.062 5.731 BOIla 10
J20345606+4038179 20 34 56.057 +4038 17.92 13.540 7.440 6.859 6.545 09.71ab 9
J20345878+4136174 2034 58.781 +413617.35 12.865 7.193 6.655 6.356 BOIb(n) sb2? 9

LS III +42 17 203510.623 +422022.83 11.692 7.845 7.504 7.318 BI1II 7
J20360451+4056129 2036 04.500 +40 56 13.01 13.950 8.568 7.968 7.685 O5V((f)) 9

HD 196489 203624.259 +391140.70 8.614 8.164 8.176 8.179 B3V 16
J20382040+4156563 203820.413 +41 56 56.51 15.340 7.840 7.082 6.686 BOII 7
J20385918+4202395 2038 59.181 +420239.45 13.270 8.684 8.186 7.906 BOIb 7
BD+42 3835 2042 06.863 +431103.72 9.975 7.294 7.049 6.928 OYp... 2
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Table 1. continued.

Object a 0 B J H Ks Sp. type Source  Notes
(2000) (USNO B) (2MASS)
HD 199021 205253207 +423627.87 8.919 7.180 7.067 6.999 BOV 17

Spectral type source:

: Petrie et al. (1973)

: Morgan et al. (1955)

: Stankov & Handler (2005)

: Hoag & Applequist (1965)

: Hiltner (1956)

: Walker & Hodge (1968)

: Comeron et al. (2008)

: Vijapurkar & Drilling (1993)

: Hanson (2003)

10: Negueruela et al. (2008)

11: Kiminki et al. (2007)

12: Massey & Thompson (1991)
13: Comerén & Pasquali (2007)
14: Kiminki et al. (2009)

15: Kobulnicki et al. (2010)

16: Sato & Kuji (1990)

17: Guetter (1968)

Notes:

(a): Variable (Petrie et al. 1973)

(b): Eclipsing binary

(c): B Cep variable (Stankov & Handler 2005)

(d): Binary

(e): Eclipsing binary (Kiminki et al. 2007)

(f): Runaway with bow shock (Comerén & Pasquali 2007)
(g): V1393 Cyg

(h): Binary (Kiminki et al. 2009)

(i): Runaway with bow shock (Kobulnicki et al. 2010)

O 001NN~ WK —
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Table 2. Stars with previous classification reobserved by us

Name Published classification ~ Our classification
J20240515+4046035 B0.5V B0.5V
BD+40 4159 o9V O9IIl
J20303980+4136506 o6V 06.5V
J20305552+4054541 BOV BOIb
J20305772+4109575 09.5V o9V
J20311833+4121216 (0% 09.5V
J20312210+4112029 B2V BO.2III
J20313338+4122490 B1V B0.5V
J20314540+4118267 08I o8V
J20320689+4117570 B3V BO:11
J20323154+4114082 0O7.5Ib-1I(f) 06.51b(f)
J20323498+4052390 B0.2V B0.21V
J20333821+4041064 BOIa Bl1lb
J20340435+4108078 B1V B1III
J20340486+4105129 o9V 08.5V
J20340601+4108090 09.5V BOV

J20342894+4156171 o9V o9V
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Table 3. New O and B stars

Object a 0 B J H Ks Sp. type  Notes
(2000) (USNO B) (2MASS)
J20183413+4025045 20 18 34.130  +40 25 04.47 14.880 8.172 17.747 7541 BO0.2IV
J20190610+4037004 2019 06.102  +40 37 00.39 13.330 8.576 8.115 7.880 09.7I1ab
J20194916+4052090 20 1949.156 +40 52 08.99 12.800 8.598 8.209 7987 09.5V
J20203933+4031176 2020 39.334  +4031 17.64 13.550 9.551 9.137 8927 BI1.5V
J20204933+4033027 20 2049.333  +4033 02.73 14.570 9.524 9.061 8.808 BI1.5V
J20211677+4023162 2021 16.773 +4023 16.19 14.080 9.404 8902 8.654 B2II
J20214410+4012529 202144.103 +40 125291 13.200 7.106 6.476 6.137 Blla
J20214868+4043005 20 21 48.682 +4043 00.45 11.694 8.873 8.629 8.484 BIV
J202151154+3937515 202151.149 439375147 11.789 8269 7975 7.834 B3V
J202151604+3959496 2021 51.600 +39 59 49.61 12.081 9.284 9.014 8.874 BlIb
J20215593+4110129 202155.930 +411012.92 12.470 9.371 9.084 8916 BIII
J20220454+4042487 2022 04.541 +404248.73 11.811 8.725 8.462 8.280 BIIII
J20220879+3958161 2022 08.793 439 58 16.07 12.441 8.509 8.148 7.970 BII
J20221729+3934215 2022 17.286 +39 34 21.50 14.700 8.419 17.750 7.421 BSIa
J20223777+4140292 2022 37.766 +414029.23 11.783 7.509 7.080 6.829 OSIf
J20223944+3935420 202239.442 +39 3542.02 11.719 8.3290 8.047 7914 BIIII
J20233375+4045199 2023 33.752 +404519.93 12.461 9.366 9.055 8.906 BIII 1
J20234624+3937078 2023 46.238 +39 37 07.83 11.986 8.406 8.157 7.998 BO0.71V
J20241767+3920326 2024 17.666  +39 20 32.56 12.515 9.160 8.838 8.700 BI1V
J20243872+3930301 2024 38.720 +39 30 30.10 15.910 9.213 8.559 8247 BOL
J20250591+4020124 202505912 +4020 12.44 12.516 9.265 9.018 8.885 B2l
J20264025+4233221 2026 40.251 +42 33 22.09 12.796 9.504 9.172 8991 B2
J20272428+4115458 202724282 +411545.82 12.624 9.365 9.027 8.830 09.5V
J20272553+3929246 2027 25.529 43929 24.58 12.760 8.488 8.126 7917 09.5V
J20273982+4040384 2027 39.821 +4040 38.35 11.970 8.963 8.691 8578 BI1V
J20281539+4044046 2028 15.392 44044 04.57 12.145 8.219 17.846 7.632 BIIII
J20282772+4104018 202827.723 +41 04 01.80 14.220 9.364 8.867 8.636 BO0.5V
J20283039+4105290 2028 30.385 +410529.04 13.365 7.094 6472 6.125 0C9.71a
BD+42 3760 2028 40.812 +43 08 58.46 10.862 8.065 7.838 7.725 08.5V
J20284657+4107069 2028 46.566 +41 07 06.86 15.290 9.700 9.136 8.834 B2II
J20292449+4052599 2029 24.485 +40 52 59.85 13.860 8.873 8.333 8.050 BO.2IV
J20293473+4020381 2029 34.728 +40 20 38.09 14.020 9.324 8.835 8.570 BIV
J20293480+4120089 2029 34.798 +41 20 08.93 15.430 9454 8.819 8488 09.5V
J20294060+4109585 2029 40.601  +41 09 58.54 13.540 9.406 8991 8.776 Blle]
J20294195+3859342 202941.952 +385934.16 13.440 9.054 8.587 8.407 B0.2V
J20301273+3904216 2030 12.732 439 04 21.59 14.580 9.593 9.119 8.885 BI1V
J20301839+4053466 2030 18.391 +40 53 46.56 15.150 8921 8270 7.963 09V
J20303297+4044024 2030 32.965 +404402.41 13.190 9.190 8.808 8.634 BIV
J20303833+4010538 2030 38.329 +40 10 53.84 15.350 9.602 9.038 8.756 BI1V
BD+40 4210 2031 04.659 +403056.93 12.201 5469 4833 4466 Blllle
J20310700+4035537 2031 07.003 +403553.73 14.410 9.609 9.182 8.928 BIII
J20312725+4304227 20 3127.253 +43 04 22.67 13.690 9.035 8.583 8.343 BI1.5V
J20313853+4152585 2031 38.532 +415258.46 14.010 9.627 9.216 8968 BI1.5V
J20314885+4038001 20 31 48.848  +40 38 00.05 14.180 9.551 9.110 8.895 Bl
J20315961+4114505 2031 59.609 +41 14 50.45 14.460 9.117 8.579 8326 07V
J20321568+4046170 2032 15.679 +4046 17.00 15.110 9.609 9.117 8.826 BO0.2IV
BD+40 4223 203239.057 +410007.78 12.208 6.035 5.487 5.157 BOla
J20323951+4052475 2032 39.507 +405247.46 15.050 8.884 8.289 8.004 BO:V:
J20325571+4307583 203255.713 +43 07 58.26 15.130 8.348 7.938 7.722 09.5V
J20331130+4042337 2033 11.300 +404233.73 15.660 9.084 8.435 8.105 BO:II:
J20331870+4059379 2033 18.696 +4059 37.92 15.270 9.205 8.591 8.140 BO.5IIle
J20333822+4053412 2033 38.218 +405341.19 13.530 8.028 7.496 7.235 BOIb
J20335842+4019411 203358417 +401941.13 15.480 7960 7.274 6.928 09:
J20341605+4102196 2034 16.046  +41 02 19.59 15.100 9.409 8.830 8.517 09.5V
J20352227+4355305 20 3522.266 +43 55 30.46 13.980 8416 7.887 7.588 B0.2IV
J20354703+4053012 203547.026 +405301.17 13.780 9.539 9.164 8.968 B2V
J20374323+4232334 2037 43.232 +423233.40 14.620 9.703 9.173 8.896 BIII
J20452110+4223514 204521.103  +4223 51.37 15.280 9.769 9.217 8939 B2V
J20462289+4212311 204622.892 +42 12 31.07 13.052 8.808 8.468 8.221 B3V
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Table 3. continued.

Object a 0 B J H Ks Sp. type  Notes
(2000) (USNO B) (2MASS)

J20462826+4223417 2046 28.255 +4223 41.74 13.500 8.793 8.327 8.085 O9%V

Notes:
1: B Cep variable (Stankov & Handler 2005)
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Table 4. Other candidate O and B stars without spectral classification

Object a 0 B J H Ks Notes
(2000) (USNO B) (2MASS)

J20181090+4029063 2018 10.898  +4029 06.29 14.940 9.343 8.709 8.399
J20193232+4042447 201932323  +404244.72 12.890 9.288 8.894 8.692
HD 228973 202007350 +4107 46.72 10.340 7.922 7.760 7.684 1
J20201435+4107155 2020 14.349 +4107 15.45 12.412 8.627 8.352 8.240
J20211924+3936230 202119.240 +393622.98 12.732 8.488 8.096 7.886
J20222481+4013426 202224.814 +401342.55 13.620 9.034 8.614 8.410
J20225451+4023314 2022 54.508 +402331.39 13.107 9.175 8771 8.601
J20230183+4014029 2023 01.830 +40 14 02.90 13.465 8.579 8.206 8.060
J20230290+4133466 202302900 +41 33 46.59 14.780 8.762 8.137 7.809
J20233816+3938118 2023 38.161 +393811.84 11.293 8.996 8.829 8.731
HDE 229258 202425516  +394928.30 10.235 8.833 8.748 8.689 2
J20252497+3934030 202524969 +393403.02 15.380 5209 4.289 3.611
BD+39 4179 202527281 +402400.15 11.066 7210 6.857 6.667 3
J20253116+4005508 202531.164 +400550.82 10.221 6.701 7.153 6.373
J20253320+4048444 202533.196 +4048 44.38 13.112 8.340 7.904 7.648
J20261976+3951425 2026 19.759 +39 51 42.46 15.600 9351 8.695 8.348
J20262484+4001413 202624.841 +400141.25 13.290 9.021 8571 8.330
J20272099+4121262 202720994 +412126.15 13.830 9.448 9.003 8.730
J20273787+4115468 2027 37.873 +411546.79 14.570 9.146 8.581 8.263
J20274925+4017004 202749251 +401700.42 13.460 8.713 8.315 8.104
J20275204+4131200 202752.039 +413119.98 10.668 8.769 8.890 8.850
J20275292+4144067 202752921 +414406.65 13.330 8.144 7.583 7.277
J20281176+3840227 2028 11.757 +384022.73 11.805 8.349 8.077 17.944
J20285874+4013302 2028 58.744  +40 13 30.22 15.860 8.494 7.667 7.202
J20290247+4231159 202902469 +42311591 13.330 9.090 8.641 8.426
BD+40 4193 2029 13.555 +404103.38 10.412 8.945 8.856 8.812
J20291617+4057372 2029 16.173 +405737.19 15.030 8.855 8.241 7.899
J20293563+4024315 2029 35.631 +402431.45 12.468 8.831 8.450 8.268
J20300022+4337553 203000.215 +433755.29 13.326 9.061 8.525 8.323
J20301097+4120088 203010.970 +412008.82 15.690 9.855 9.202 8.882
BD+40 4208 203049.972 +4044 18.53 10.654 8.809 8.739 8.664
J20314341+4100021 203143408 +410002.07 15.940 9.885 9.285 8.957
J20315433+4010067 203154.331 +401006.71 15.990 9.742 9.176 8.884
J20315898+4107314 203158983 +410731.41 15.490 9.773 9.164 8.832
J20315984+4120354 203159.841 +412035.41 10.668 9.119 9.028 8.926
J20320734+3828586 203207.340 +382858.62 10.440 8.880 8.799 8.726
CCDM J20323+4152AB  203220.811 +415200.78 9.973 8.694 8.739 8.728
J20323882+4058469 2032 38.823  +40 58 46.85 15.430 9.701 9.141 8.821
J20323968+4050418 203239.682 +405041.83 14.410 9.631 9.156 8913
J20330453+3822269 203304533 +38222691 11.383 9.021 8.870 8.790
J20330526+4143367 203305262 +414336.74 13.940 90.286 8.854 8.624
BD+41 3801 203330398 +420417.35 10.507 9.124 9.041 8.967
LSII +3797 203335.524 +380136.73 11.838 6.691 6.213 5.900
J20340430+4136507 203404297 +413650.67 15.300 9931 9.234 8972
BD+42 3785a 203415390 +43 09 35.28 10.131 9.009 8.955 8.932
J20345785+4143543 2034 57.846 +414354.25 15.430 8.447 71.777 7417 4
J20361806+4228483 2036 18.062  +42 28 48.30 15.650 9.814 9.170 8.855
J20364336+3906145 2036 43.361 +39 06 14.53 11.530 8.558 8.631 8.565
J20371773+4156316 2037 17.734  +415631.57 15.760 9.071 8367 8.041
J20381289+4057169 2038 12.888 +4057 16.86 12.870 9.183 8.867 8.675
J20382173+4157069 203821.728 +4157 06.89 15.810 8.760 8.036 7.682
J20382889+4009566 2038 28.889  +40 09 56.63 9.996 8.896 8.841 8.816
J20395358+4222506 203953582 +422250.62 15.890 7.345 6376 5.822
CCDM J20420+4015 204201.182 +401442.70 9.568 8.688 8.664 8.638
J20423509+4256364 2042 35.089 +42 56 36.43 14.480 9.211 8.624 8.304
CCDM J20429+4311AB 2042 54.244 +431038.71 8.431 8515 8.593 8.647 5
J20432737+4308525 204327370 +43 08 52.47 13.874 8.879 8.293 8.096
J20440752+4107342 2044 07.516  +4107 34.18 15.470 9.562 8.998 8.703
J20472235+4220523 204722346 +422052.30 14.950 8.936 8.308 8.085
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Table 4. continued.

Object a 0 B J H Ks Notes
(2000) (USNO B) (2MASS)
J20500396+4300118 205003.964 +430011.76 15.140 8.649 17.944 7514

J20504551+421012.6 205045514 +421012.64 15.050 7.674 6.814 6.440

Notes:

1: Classified as B5 in the HDE catalog

2: Classification as B2 in the HDE catalog

3: Candidate early-type star in Comerén et al. (2008)

4: Classified as early-type star in Comerén et al. (1998) (star B18)
5: Binary
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Table 5. Later-type stars

Notes:

Object a 0 B J H Ks Notes
(2000) (USNO B) (2MASS)

V438 Cyg 2018 54.316 +400352.16 12.751 6.939 6.231 5.898 1
J20221467+4030028 2022 14.671 +403002.78 13.205 6.590 5.948 5.600 2
CCDM J20268 4152AB 2026 51.134  +41 51 33.42 9.996 7.886 7.675 7.650 3
KZ Cyg 202722.881 +410449.71 13.660 2927 1946 1406 4
J20305152+4048088 203051.518 +4048 08.83 14.010 4975 4.078 3502 5
LHS 3559 203125.661 +383344.24 14.800 9.192 8.627 8.358 6
J20320187+3811599 203201.872 +38 11 59.88 14.620 8.182 7.334 7.009 5
J20322086+3934296 203220.861 +393429.57 12.419 9353 9.106 8974 5
J20351367+4055249 203513.670 +405524.92 14.500 9.258 8.650 8393 5
LTT 16018 2036 46.031 +385032.72 15.350 9.270 8707 8.461 6
J20395659+3955267 2039 56.588 +395526.74 15.520 5.631 4710 4.112 5
J20421728+4129040 2042 17.283 +412903.96 12.234 8.858 8.492 8304 2
V1589 Cyg 2042 49.148 +412300.16 14.710 9.621 9.003 8.715 7
J20432378+4326017 204323782 +432601.66 13.390 8314 7.787 7.461 2
IRC +40446 2045 14.143  +422006.82 15.890 3510 2398 1.731 8
BD+43 3710 204534726 +433227.26 11.217 6.598 6.143 5.881 9
J20470538+4241065 204705382  +42 41 06.54 11.577 8.666 8.369 8216 2
J20481793+4236096 2048 17.927 +423609.63 12.620 8.620 8.169 7945 2
BD+41 3896 2048 36.836  +42 06 26.37 9.965 8.047 7.886 7.784 10
HD 198795 205120.124  +42 37 52.46 10.526 8.482 8.602 8.587 11

: Classical Cepheid (Klagyivik & Szabados 2009)
: A-type (this work)
: F5-type close binary (Douglass et al. 2000)

: M8e Mira variable (Cameron & Nassau 1956)

: possible misidentification between USNO-B and 2MASS due to high proper motion
: flare star (Pettersen et al. 1988)
: M8 (Vogt 1973)

: R:, infrared bipolar nebula (Kraemer et al. 2010)

10: A2 (based on Vilnius photometry)
11: AO (based on Vilnius photometry)

1
2
3
4
5: Late type (this work)
6
7
8
9
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Table 6. O and B stars from Massey & Thompson (1991) not selected by our criterion

No. (MT91) _ a(2000) 5(2000) _ Sp. type
140 203146.00 +4117274 09.51
258 203227.67 +412621.7 O8V
421 203309.58 +411300.6 09.5V
425 203310.10 +411310.1 BOV
462 203314.84 +41 18414  06.51I(f)
465 20331518 +411850.1 05.51(f)
575 20333436 +411811.6 BI1.5V
605 203339.84 +4122524 BO.SV
736 203409.52 +4134134 09V

793 2034 43.51 +412904.8 BI1.51I1?
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Table 7. Physical parameters of spectroscopically classified O and B stars, assuming DM = 10.8

Object Sp. type Ay Te My M (My) Age (Myr)
Cygnus OB2
Known stars
BD+40 4179 O8V: 22 34877 -3.63 19.8 0.2
BD+40 4185 BOV: 24 30110 -4.11 17.7 6.3
HD 195213 o7 36 36872 -5.81 43.3 2.8
J20323033+4034332  09.51V 6.1 31382 -5.24 26.1 4.9
J20314605+4043246  BO.5IV 4.7 25917 -3.80 14.1 10.0
J20310019+4049497  O7V((f)) 45 36872 -4.34 25.6 2.0
J20305552+4054541 BOV 55 30110 -3.77 16.5 5.6
J20323843+4040445 OS8III 6.9 33961 -5.04 28.0 39
J20294666+4105083 BO0.5V(n) sb2? 4.3 28032 -3.61 14.4 7.9
J20295701+4109538 BOV 49 30110 -3.72 16.3 5.6
J20333821+4041064 BOIla 7.6 25094 -6.60 36.0 4.5
J20313690+4059092  O7Ib(f) 7.7 34990 -5.70 36.0 35
J20330292+4047254  OSII((f)) 7.0 33570 -6.15 43.9 32
J20323498+4052390 B0.2V 5.8 29279 -3.66 15.5 6.3
J20303970+4108489 BO0.7Ib 6.2 21514 -6.11 23.0 6.9
J20322734+4055184 B2V 5.1 22608 -4.15 12.1 15.5
V1827 Cyg Ofpe 82 38612 -6.13 57.0 2.2
J20323486+4056174 O8V 6.0 34877 -3.75 20.4 0.8
J20305772+4109575 09.5V 6.5 31884 -4.16 19.4 4.9
J20345606+4038179  09.7Iab 6.3 28315 -5.73 29.1 4.9
J20312210+4112029 B2V 52 22608 -3.42 11.1 15.5
J20300788+4123504 O8V 7.3 34877 -4.09 21.9 2.2
VICyg3 009: 56 32882 -6.52 533 2.8
J20305111+4120218 BOV 6.3 30110 -3.44 15.4 4.5
J20344471+4051465 BOIa 6.4 25094 -6.48 36.0 4.5
J20344410+4051584  O6.51I1(f) 6.9 37134 -498 31.3 2.8
J20311833+4121216 O9V 6.3 32882 -4.60 23.0 4.5
J20314540+4118267 O8I 6.0 33179 -5.04 26.0 4.5
J20323154+4114082  O7.5Ib-1I(f) 8.0 34084 -5.86 37.0 35
J20320689+4117570 B3V 55 19262 -3.19 8.6 27.5
J20313338+4122490 BI1V 55 25953 -3.22 12.3 10.0
J20332346+4109130 0O5.5V 7.0 39865 -6.40 68.6 2.0
J20340486+4105129 O9V 5.5 32882 -342 17.4 0.8
J20330879+4113179  O41ll 6.4 42422 -6.17 62.3 1.5
J20332674+4110595 0O8.5V 6.0 33879 -4.14 21.2 3.2
J20331369+4113057 O8V 57 34877 -4.00 21.4 2.0
J20325964+4115146  BOV 6.3 30110 -4.19 18.1 6.3
J20331326+4113287 06V 7.0 38867 -4.43 29.8 1.0
VICyg9 OsIf 6.5 38612 -6.82 83.6 2.0
VICyg 1 o9V 4.8 32882 -4.81 24.5 4.5
J20340435+4108078 BI1V 5.5 25953 -3.26 12.5 10.0
J20340601+4108090 09.5V 6.5 31884 -4.20 19.6 4.9
J20303980+4136506 06V 59 38867 -4.00 26.3 0.0
VICyg2 B1lIb: 32 19979 -4.08 11.3 17.8
J20330292+4117431 O8V 6.2 34877 -4.46 24.0 32
J20314965+4128265 OO9III 3.8 31846 -342 16.7 2.0
J20331748+4117093 O7V 54 36872 -4.61 28.1 2.5
LS IIT +41 30 o9V 43 32882 -394 19.3 35
J20333078+4115226 BI1I 6.1 19979 -6.49 25.8 6.3
J20332101+4117401  O9V 49 32882 -3.52 17.8 1.4
VICyg 4 O71IIf 40 36077 -5.00 30.9 32
VI Cyg 8C OS5III 4.7 40307 -5.62 47.6 2.0
VI Cyg 8D 08.5V 4.8 33879 -394 20.3 25
J20333700+4116113  BOV 54 30110 -4.30 18.7 6.3
J203604514+4056129  O5V((1)) 6.4 40862 -4.72 34.8 1.0
VICyg 16 O8V(n) 4.0 34877 -4.38 235 32

VICyg 7 O3If 50 42233 -5.63 48.3 1.5
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Table 7. continued.

Object Sp. type Ay Test My M (My) Age (Myr)
J20325002+4123446 O8V 47 34877 -4.19 22.5 2.5
VI Cyg 23 (0% 4.8 32882 -3.46 17.6 1.0
VICyg 6 o8V 4.4 34877 -4.71 26.0 3.5
V2186 Cyg BOV 47 30110 -3.26 14.9 3.5
J20331803+4121366 O8V 49 34877 -4.08 21.9 2.2
J20325919+4124254 O8V 4.6 34877 -3.84 20.8 1.2
LS IIT +41 32 BOIb 33 25094 -3.10 11.6 11.2
J20333910+4119258 BOIab 52 25094 -5.59 22.9 6.9
J20335952+4117354 09.5V 50 31884 -4.30 20.1 4.9
J20334783+4120415 BI1III 52 21353 -4.77 14.1 12.3
J20342193+4117016  OSIII + OSIIL 59 33961 -4.70 24.8 3.9
J20334086+4130189 O7V 5.1 36872 -3.61 21.4 0.0
VICyg 10 09.51a 54 30463 -6.64 49 .4 3.2
J20333030+4135578 O8V 6.0 34877 -4.75 26.0 3.5
J20342959+4131455 O7V 6.2 36872 -5.65 41.3 2.8
J20341350+4135027 O7V 49 36872 -4.29 254 1.8
VICyg 11 (05)1 5.1 38612 -6.24 59.0 2.2
J20345878+4136174 BO Ib(n) sb2? 57 25094 -5.78 24.7 6.3
New stars
J20303833+4010538 BI1V 57 25953 -343 12.5 11.2
J20293473+4020381 BI1V 52 25953 -3.55 12.8 11.2
J20273982+4040384 BI1V 3.0 25953 -3.30 12.5 10.0
J20281539+4044046 BI1III 4.1 21353 -4.22 12.1 15.5
BD+40 4210 Bllll:e 6.5 21353 -7.66 54.1 3.5
J20310700+4035537 BI1III 47 21353 -2.98 9.5 20.0
J20292449+4052599 B0.21V 57 27274 -4.14 15.6 8.7
J20303297+4044024 BI1V 4.0 25953 -3.36 12.7 10.0
J20282772+4104018 BO0.5V 52 28032 -3.53 14.2 7.9
J20335842+4019411 0O9: 7.3 32882 -5.53 32.0 3.9
J20314885+4038001 BI1II 44 20666 -2.97 9.1 21.9
J20283039+4105290 0OC9.71a 6.7 28315 -6.20 34.2 4.5
J20272428+4115458 09.5V 44 31884 -3.29 16.3 1.1
J20301839+4053466 09V 69 32882 -4.45 21.9 4.5
J20284657+4107069 B2II 54 17804 -3.00 8.1 31.6
J20321568+4046170 BO0.2IV 55 27274 -3.34 13.4 7.9
J20294060+4109585 Bl[e] 45 25953 -3.26 12.5 10.0
J20331130+4042337 BO:1II: 6.6 26248 -4.16 15.9 8.7
J20323951+4052475 BO:V: 6.1 30110 -4.31 18.8 6.3
J20293480+4120089 09.5V 69 31884 -3.92 18.4 4.5
BD+40 4223 BOIa 6.0 25094 -7.00 48.3 3.5
J20333822+4053412 BOIb 55 25094 -4.87 16.9 10.0
J20331870+4059379 BO0.51lle 7.0 23801 -4.11 13.4 12.3
J20315961+4114505 O7V 59 36872 -3.99 23.6 0.6
J20341605+4102196 09.5V 6.5 31884 -3.84 18.1 3.9
J20354703+4053012 B2V 4.1 22608 -2.95 9.8 17.8
J20331748+4117093 O7V 54 36872 -4.61 28.1 2.5
Cygnus OB9
Known stars

BD+38 4058 BOV 3.2 30110 -4.21 18.2 6.3
HD 228821 BS -0.1 11800 -2.10 8.2 31.6
HD 228929 BO0.5Ib 4.1 22537 -5.60 20.5 79
HD 193426 B9la 3.5 10500 -6.71 154 11.2
HD 229250 o7 39 36872 -5.28 33.9 3.2
BD+39 4168 o7 46 36872 -5.40 37.3 2.8
HD 228919 BI1IV 1.9 23653 -3.54 11.8 14.1
HD 228882 BO05Ia 4.0 22537 -5.90 23.0 6.9
HD 228928 B2Ib:nn 29 17180 -4.37 10.6 20.0
HD 229202 O8V: 3.0 34877 -4.66 25.0 3.5
HD 228911 B2 09 22608 -3.79 11.6 15.5
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Table 7. continued.

Object Sp. type Ay Test My M (My) Age (Myr)
HD 228941 B3 1.0 19262 -3.39 9.1 25.1
BD+39 4177 06.5 3.3 37870 -5.51 39.3 2.8
BD+39 4179 BOIII 3.4 26248 -3.26 12.5 10.0
HD 194194 B2III -0.2 18428 -3.07 8.1 31.6
NGC 6910 #14 B0.5V 29 28032 -3.77 15.1 7.9
BD+40 4148 09.5:V 3.4 31884 -4.22 19.7 4.9
BD+40 4146 B3 2.8 19262 -4.31 11.3 17.8
NGC 6910 #16 B3 29 19262 -3.56 9.3 25.1
HD 194092 BO.51I1 0.5 23801 -3.49 11.7 14.1
BD+40 4159 o9V 39 32882 -4.59 22.8 4.5
HD 229196 05 3.8 40862 -6.19 61.6 2.0
J20240515+4046035 B0.5V 3.8 28032 -3.86 15.4 7.9
HD 193945 BOVnn 22 30110 -5.11 23.8 5.6
New stars
J20221729+3934215 BSIla 58 13400 -4.16 8.2 31.6
J20215115+43937515 B3V 3.1 19262 -3.88 9.9 21.9
J20241767+3920326 BI1V 3.5 25953 -3.23 12.3 10.0
J20223944+3935420 BI1III 3.1 21353 -3.82 11.1 17.8
J20234624+3937078 BO0.71V 32 25011 -3.86 13.7 11.2
J20243872+3930301 BOI: 6.5 25094 -3.97 13.9 11.2
J20183413+4025045 BO0.2IV 4.6 27274 -4.52 17.9 7.9
J20215160+3959496 BlIb 29 19979 -2.81 8.5 25.1
J20220879+3958161 BIII 3.8 20666 -3.82 11.1 17.8
J20214410+4012529 Blla 6.2 19979 -5091 20.5 7.9
J20190610+4037004 09.71ab 5.1 28315 -4.26 17.0 7.9
J20211677+4023162 B2II1 4.8 18428 -3.14 8.1 31.6
J20203933+4031176 B1.5V 4.4 24280 -3.07 10.8 14.1
J20204933+4033027 B1.5V 50 24280 -3.25 11.2 14.1
J20194916+4052090 09.5V 4.8 31884 -4.18 194 4.9
J20214868+4043005 BI1V 3.1 25953 -3.40 12.9 10.0
J20220454+4042487 BI1III 3.3 21353 -3.48 10.1 20.0
J20250591+4020124 B2II1 2.6 18428 -2.66 7.8 31.6
J20233375+4045199 BI1III 34 21353 -2.86 8.9 21.9
J20215593+4110129 BI1III 33 21353 -2.85 8.9 21.9
J20223777+4140292  OSIf 52 38612 -5.42 40.1 2.5
Field
Known stars
BD+38 4098 B9Ib 1.9 10500 -4.38 8.2 31.6
BD+37 3976 B1.5Vn 2.2 24280 -3.30 11.3 14.1
BD+39 4189 B2p?e? 3.8 22608 -5.30 18.6 8.7
LSII+39 53 O7V: 3.6 36872 -4.36 25.6 2.0
HD 196489 B3V 0.5 19262 -3.24 8.6 27.5
HD 194779 B3II 04 15541 -4.02 8.7 27.5
HD 194839 BO0.5Iae 3.7 22537 -7.11 433 3.9
BD+41 3762 B2V 33 22608 -3.97 12.0 15.5
J20310838+4202422 09.711 57 28644 -5.19 22.5 6.3
J20313693+4201218 BO0.71b 4.8 21514 -5.27 16.9 10.0
BD+41 3794 BO.2I11 3.8 25269 -4.87 16.9 10.0
J20342894+4156171 09V 6.0 32882 -4.11 20.1 3.9
J20314215+4225532 BlIb 75 19979 -7.13 34.2 4.9
LSIII +42 17 BI1III 3.7 21353 -449 13.1 14.1
J20382040+4156563 BOII 7.6 25671 -5.67 24.3 6.3
J20385918+4202395 BOIb 54 25094 -4.19 15.2 10.0
BD+43 3654 O41f 5.1 40422 -6.27 64.6 2.0
BD+42 3835 O9p... 3.4 32882 -5.09 27.0 4.5
HD 199021 BOV 2.0 30110 -4.86 22.7 5.6
New stars

J20294195+3859342 B0.2V 4.7 29279 -3.73 15.8 6.3
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Table 7. continued.

Object Sp. type Ay Test My M (My) Age (Myr)
J20301273+3904216 B1V 49 25953 -3.21 12.3 10.0
J20272553+3929246  09.5V 46 31884 -4.23 19.7 4.9
J20313853+4152585 B1.5V 4.6 24280 -3.05 10.8 14.1
J20264025+4233221 B2II 33 17804 -2.61 7.8 31.6
BD+42 3760 08.5V 3.2 33879 -4.28 21.9 3.5
J20312725+4304227 B1.5V 4.8 24280 -3.70 12.7 12.3
J20325571+4307583 09.5V 49 31884 -4.46 21.2 4.9
J20374323+4232334 BIIII 54 21353 -3.10 9.7 20.0
J20462289+4212311 B3V 40 19262 -3.59 9.3 25.1
J20452110+4223514 B2V 5.6 22608 -3.15 10.2 17.8
J20352227+4355305 BO0.2IV 5.8 27274 -4.61 18.1 7.9

J20462826+4223417 09V 54 32882 -4.16 20.4 3.9




