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Abstract. From UBVRI-CCD photometry in the region of
Cepheus OB3 association previously published by the authors,
a search for faint members was performed. Colour-colour and
colour-magnitude calibrations were used to estimate individual
reddenings and distances. The comparison between these indi-
vidual values and the average values for the known member stars
led to a list of member candidates. Candidate members brighter
than V=14 mag were observed in the uvby-{ system to confirm
or deny their membership. Members down to V'=13.6 mag were
found. The ages of the association subgroups were found to be
5.5 and 7.5 Myr.

Key words: open clusters and associations: individual:
Cepheus OB3 — stars: early type — fundamental parameters —
ages

1. Introduction

The term association was first introduced by Ambartsumian
(1947) to refer to a sparsely populated group of very young
stars whose spectral types, luminosities and positions indicate
a common origin. In contrast to open clusters, stellar associa-
tions are characterized not by a general stellar density higher
than the background, but by a relatively higher density of a cer-
tain type of stars: OB-stars in OB-associations and T-Tauri stars
in T-associations. The stellar density in OB-associations is in-
sufficient for gravitation to hold the group together, but since
the group is young, the stars have not yet had time to disperse
completely. OB-associations often have several subgroups at
different evolutionary stages (Blaauw 1964), which can be dis-
tinguished by their spatial concentration, kinematics and inter-
action with surrounding molecular clouds. Cepheus OB3 is a
good example of this.

Little is known about the membership of faint stars to asso-
ciations. Because the star-field density is greater than the asso-
ciation density, member identification is not easy and requires
considerable observational effort. However, the knowledge of
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the actual stellar content of the associations could provide im-
portant information about the process of star formation, the IMF
and the PMS members (Garmany 1994).

To our knowledge, there are no studies of membership in
Cepheus OB3 association for stars later than B5. Since late
B, A and F-type stars were found in associations of similar
ages like Sco OB2 and Ori OB1 (Garrison 1967; de Geus et al.
1989), the presence of late B or A-type stars in the association
Cepheus OB3 cannot be ruled out.

Jordi et al. (1995; hereinafter referred to as Paper I), pub-
lished UBVRI-CCD photometry for 1056 stars in 18 randomly
selected fields of the two subgroups of the association.

In this paper we review the present knowledge of
Cepheus OB3 association, analyze the UBVRI-CCD photom-
etry from Paper I in order to look for faint members and re-
determine the ages of the subgroups. Cross-identification with
IRAS Point Source Catalogue and an updated list of members
are also included.

2. Observational background of Cepheus OB3

The association Cepheus OB3 is one of the youngest stellar
groups within 1 kpc from the Sun. The surrounding region is
rich in interstellar dust and gas, and shows noticeable inho-
mogeneities of reddening and absorption. The presence of two
subgroups at different evolutionary stages was first recognized
by Blaauw (1964). The same author (Blaauw 1964, 1991) esti-
mated the ages of these subgroups. The largest overall projected
diameter for the young (b) and old (a) subgroups were quoted
by Blaauw to be 10 and 17 pc, respectively, although the indi-
vidual distances computed for the members range from 500 to
1000 pc (Crawford & Barnes 1970).

Cepheus OB3 is a good example of sequential star formation
that fits the model of Elmegreen & Lada (1977). The western
subgroup (b), closer to the galactic plane, is spatially more con-
centrated and shows a higher average absorption. At the same
time, its kinematics suggests a general motion outwards from
the nearby clouds. This subgroup should be younger and, if there
were current star formation in the zone, it would be expected to
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be found at the south-eastern extreme of the association, where
the interaction with the molecular clouds is more evident.

The studies in the radio wavelengths show that
Cepheus OB3 is young. Sargent (1977, 1979) performed a gen-
eral study of the 2CO emission from the Cepheus molecular
cloud. The second paper includes an analysis of the relation
between the stars and their possible birth places. Sargent gave
a mass estimate of ~ 5000, for Cepheus A, the densest con-
centration inside the molecular cloud. This concentration shows
signs of collapsing and a series of typical signatures of the star-
forming regions (Hughes 1988), so it could be considered the
nucleus of a future third stellar subgroup in Cepheus OB3. On
the other hand, Testi et al. (1995), from radio and near infrared
data found different manifestations of a group of young stars
embedded in the Cepheus B concentration, and they concluded
that a third generation of stars had already been formed at the
interface between this concentration and the Hi1 region S155.

2.1. Photometry

Blaauw et al. (1959; hereinafter referred to as BHJ) carried
out the first systematic photometric study in the region of
Cepheus OB3. They published UBV photoelectric photome-
try for 91 early type stars, mainly brighter than B~12.5 mag.
This paper became the chief reference for this association. BHJ
dereddened their photometry to intrinsic colour and magnitude,
(B-V), and V,, by the )-method. They selected the associa-
tion members by relying on their visual absorption A, and on
their distribution in the sky. They derived a list of 40 members,
with apparent visual magnitudes ranging from 7.41 to 13.95.
The average for the visual absorption obtained by BHJ for the
association is 2.43 + 0.41 mag'. Fitting a main sequence to the
colour-magnitude diagram by hand, they deduced an average
distance modulus of V, — M,, = 9.3 mag. BHJ did not identify
members in the interval 9.0 < V, < 9.5 mag, and only three
fainter than this, which are companions of brighter members.
Vo & 9.5 mag corresponds to spectral type B5-B6.

Sdarg & Wrandemark (1970) published UBYV photoelectric
photometry of early stars in Cepheus, including 16 stars ob-
served by BHJ, but they did not analyze the resulting data.

Crawford & Barnes (1970) published the first photomet-
ric study of the region in the Stromgren system. They per-
formed photoelectric uvby-3 photometry for more than 50 stars
in Cepheus OB3, 26 of which are members and 24 are not,
according to BHJ. The authors derived individual colour ex-
cesses and distance moduli for the stars they observed. They
obtained the average values? E(b — y) = 0.56 & 0.10 mag and
Vo, — M, =9.32 + 0.46 mag.

Trullols (1990) and Jordi et al. (1992) obtained uvby-(3 pho-
tometry for 45 stars in the region, with 6.3 < V' < 10.7 mag,
only 5 belonging to the list by BHJ. They decided the member-
ship from individual colour excess and distance modulus calcu-
lations. Two new members were identified. Two additional stars

' Average calculated without including the star BHJ 11, whose ab-

sorption is abnormally large.
2 Again excluding the star BHJ 11.
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satisfy the distance and colour excess criteria for being mem-
bers, but their location, north-west from the association, would
increase the angular diameter of the association.

Moreno-Corral et al. (1993) studied the region in the
near infrared and in H,. Their JHKL’M photometry for 40
stars from BHJ’s list, combined with the previous photome-
try in other bands, allowed them to measure directly the total-
to-selective absorption (largely discussed by former authors)
Rp_v=A,/E(B-V) individually for each star. Their average
value for the association members is Rg_y = 2.96 + 0.07.
From H, CCD-observations they suggested a PMS cluster in
the area between BHJ 40 and BHJ 41 close to the Hi1 S155 re-
gion. This conclusion seems to be confirmed by the radio and
near infrared study of the zone by Testi et al. (1995).

2.2. Spectroscopy

Garrison (1970) obtained spectra of 72 stars from the list by
BHI. Since then, this work is the chief reference for spectral
classification of the stars in Cepheus OB3 region. He found
that 10 of the 40 association members that he observed were
probable spectroscopic binaries.

Garmany (1972) carried out a second spectroscopic survey
in the region, oriented to the detection of new spectroscopic bi-
naries and to the measurement of radial velocities. She observed
37 stars from BHJ’s list.

2.3. Astrometry

The only published kinematical study of Cepheus OB3 is that
by Garmany (1973). She used the radial velocity data from her
spectroscopic study and she derived proper motions from two
plate sets with an epoch difference of 47 years. The two sub-
groups of the association show a radial velocity difference of
4 km s~!. Members and non-members are not clearly separated
from their kinematics, their only difference being the expansive
tendency shown by the members (absent in the field population).
This expansion occurs along the [ direction, giving a kinemat-
ical age of 0.72 Myr. The proper motions of the stars in the b
subgroup show a certain trend to be oriented outwards from the
neighbouring clouds, indicating their probable place of forma-
tion.

3. Analysis of membership

The photometric sample analyzed in this work consists of 1056
stars observed in 18 randomly selected fields in Cepheus OB3.
The sample is complete in V' down to 19 mag, although the
completeness in all colours is down to V=15.5 mag. We refer to
Paper I for more details about the observations and the resulting
photometry.

3.1. Individual reddening

As is well known, the matter between the stars and the observer
makes their intrinsic colours change. This phenomenon, known
as interstellar reddening, makes the representative points of the
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Fig. 1. Proximity parameter to the shifted calibration for the stars
BHJ 23-008 and BHJ 64-025. BHJ 23-008 shows two solutions in the
range of reddening explored while BHJ 64-025 shows three solutions

stars on colour-colour diagrams move away from the calibra-
tions (which represent relations between intrinsic colours) fol-
lowing paths that, in a first approximation, can be considered
straight lines: the reddening lines. The usual way to determine
individual reddening values is to take each observational point
on a colour-colour diagram, and to move it back along redden-
ing lines. The intersection of the reddening line with a standard
calibration gives the intrinsic colours and the amount of redden-
ing. This simple idea is suitable for the (B-V, U-B) diagram, but
it is difficult to apply on observational planes as (B-V,R-I) or
(V-1,B-V), since the reddening lines are almost parallel to the
standard calibrations. Due to the shape of the (B-V,U-B) cali-
bration the intersection may not be unique and some ambiguity
remains in the dereddening procedure.

In order to consider the errors in the observed colours
we took into account a certain interval of reddening val-
ues and looked for the most probable ones for each star.
The standard calibration was represented by n discrete points
[(B=V)0i,(U-B)oi; i=1,---,n] and was shifted by a given
amount of reddening which yields a reddened calibration
[(B=V);,(U-B);; i=1,- - -,n]. Adapting Luri et al. (1992), we de-
fined a proximity parameter d to the shifted calibration as:

2 2
@ = MINy.. ((B—V)—(B-V),:) + <(U—B)—(U—B),:)

oB-V oU—-B

where (B-V) and (U-B) are the observed colours of the star and
op_vy and oy_ g are their observational errors.

Scanning a range of possible amounts of reddening, for a
given star, we found the distance parameter for each reddening
value. Local minima of this parameter gave the most probable
reddening values for the star. We considered the colour excess
interval —0.050 < E(B — V) < 4.000 mag explored by steps

501

Table 1. Slope of reddening line on (B-V,U-B) diagram vs. spectral
type (Crawford & Mandwewala 1976)

SP : A0 A5 F0O F5 G0 G5
o — 0.744 0775 0.822 0848 0902 0.923

of 0.001 mag. This includes the whole range of reddening val-
ues expected for Cepheus OB3 members. Negative values of
reddening were introduced in order to take into account obser-
vational errors and cosmic dispersion for the stars close to the
calibration lines.

As standard calibration we used the [(B-V),,(U-B), ] rela-
tion by Schmidt-Kaler (1982) for the ZAMS, fitted by a cubic
polynomial. This calibration is rather similar to that by Mermil-
liod (1981) but it covers a wider range of colour indices, and it is
also very similar to that by Schmidt-Kaler (1982) for luminosity
class V. So, the derived individual reddening is independent of
the adopted calibration.

Each point of the calibration was reddened along a line
whose slope was assigned depending on the spectral type. For
early type stars, Garcia et al. (1988) proposed the expression
E(U-B)/E(B-V)=0.72+0.05E(B-V), but we preferred to use
the classical slope value of 0.72 because it gives a better agree-
ment with the colour excess obtained from Stromgren photom-
etry (see Sect. 3.4). For spectral types later than AQ, we adopted
the slopes given by Crawford & Mandwewala (1976) (see Ta-
ble 1). In order to obtain a continuous function, all slopes were
fitted by a fifth degree polynomial on (B-V),, using Schmidt-
Kaler (1982) to relate intrinsic colours and spectral types.

As mentioned above, due to the shape of (B-V,U-B) cali-
bration, the proximity parameter for a given star can have more
than one local minimum. We call each one of these local minima
reddening solution. In Fig. 1 we show arepresentative graph for
two stars, one of them with two reddening solutions and another
with three.

3.2. Individual distances

Each reddening solution yields a value of E(B-V) for the ob-
served star and also its intrinsic colours (B-V), and (U-B),.
From this, the interstellar absorption A, is derived using the
ratio of the total-to-selective absorption directly determined by
Moreno-Corral et al. (1993).

The intrinsic visual magnitude (free of absorption) is easily
computed as V,, = V — A, and the distance modulus of the stars,
V, — M,, is derived using a colour-magnitude calibration [(B-
V)o, M, ]. Since the association Cepheus OB3 is very young, the
faint members we are looking for should be still placed on the
ZAMS, thatis why we used the colour-magnitude calibration for
the ZAMS by Mermilliod (1981). This calibration fits better than
that by Schmidt-Kaler (1982) in the region of the faintest known
members and agrees rather well with the theoretical ZAMS from
evolutionary models by Schaller et al. (1992) (see Figs. 4 and
6).
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Fig. 2. Observational colour-colour diagram for stars in 18 randomly
selected fields of Cepheus OB3. Solid line represents the ZAMS cal-
ibration by Schmidt-Kaler (1982) shifted by E(B-V)=0.809 mag and

taking E(U-B)/E(B-V)=0.72. The arrow indicates the average redden-
ing

3.3. Membership

The method explained in the previous sections to obtain red-
denings and distances was applied to the 130 stars with V' <
15.5 mag included in the observational photometric sample
of Paper 1. Colour-colour and colour-magnitude diagrams for
these stars are shown in Fig. 2 and Fig. 3. Solid lines repre-
sent the adopted ZAMS calibrations shifted by the average
values of colour excess and distance modulus. We adopted
E(U-B)/E(B-V)=0.72 and A,=2.96E(B-V). The arrows indi-
cate the average reddening. Members from BHJ and Jordi et
al. (1992) were included for reference.

Member candidates were selected comparing the re-
sultant colour excess and the distance modulus with the
average values of the previously known Cepheus OB3
members: F(B — V) =0.809 + 0.137 mag (from BHJ) and
Vo, — My =9.32 £ 0.46 mag (from Crawford & Barnes 1970).
Taking into account that BHI’s sample is magnitude and spec-
tral type limited, the most obscured members were not observed
and the average reddening could be underestimated. So, we set a
wide acceptance margin of £3¢ and we considered as member
candidates of Cepheus OB3 those stars having reddening and
distance values inside these intervals and proximity parameter
d < 1.0. Table 2 lists the selected stars. The quantities ny(g)
and n,(par were defined as follows:

EB-V)-E(B-V)
o(E)

Vo=My)=(Vo—M,)

Ne(E) = o(Vo—M,)

5> No(DM) =

where o(E) and o(V, — M,) are the standard deviations
of the mean colour excess and distance modulus. The column
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Fig. 3. Observational colour-magnitude diagram for stars in 18 ran-
domly selected fields of Cepheus OB3. Solid line represents the ZAMS
calibration by Mermilliod (1981) shifted by E(B-V)=0.809 mag,
A,=2.96E(B-V) and V,—M,=9.32 mag. The arrow indicates the aver-
age reddening

labelled N, gives the total number of reddening solutions (some
of them not compatible with the membership). The last column
indicates the cross-identification with the Guide Star Catalogue.
Observed BHJ stars are not included since their relationship
to Cepheus OB3 is already known. Only BHJ 27 has been re-
analyzed due to the discrepancy in the photometry noticed in
Paper I.

Two stars (BHJ 23-042 and BHJ 54-023) have their two red-
dening solutions compatible with membership and can, there-
fore, be considered members. The other stars need further anal-
ysis in order to confirm or deny their membership.

3.4. Stromgren photometry

The Stromgren photometry gives reddening values without am-
biguity. This allows us to decide which of the multiple reddening
solutions given by the procedure applied on Johnson photom-
etry is the true value, and classify the candidate as member or
non-member.

We observed the 19 brightest (V $14) candidates in the
uvby- (3 system. The instruments were the Jacobus Kapteyn Tele-
scope at El Roque de los Muchachos (La Palma, Canary Islands,
Spain), equipped with the People’s Photometer, and the 1.52 m
telescope of the Observatorio Astrondmico Nacional at Calar
Alto (Almerfa, Spain) equipped with a one channel photometer
with a dry-ice cooled RCA 31034 photomultiplier. The obser-
vations were carried out in June 1994, July 1995 and September
1995.

From uvby-( photometry a spectral classification and the
colour excess E(b—y) were obtained as described by Masana
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Fig. 4. Intrinsic colour-magnitude diagram for previously known mem-
bers and additional members from this work. Solid line corresponds to
the ZAMS by Mermilliod (1981) shifted by the mean distance modulus
of the association

(1994). The results are summarized in Table 3, N being the
number of observations.

Computed reddening values confirm the membership of
8 stars labelled “M” on Table 3. The candidate BHJ 27-048
(= BHJ 27) was classified as non-member by BHJ. As pointed
out in Paper I, our measurement of U-B value is different from
that given by these authors. The uvby-3 photometry presented
now is consistent with our former Johnson photometry, and
it should therefore be considered a member of Cepheus OB3.
Stromgren photometry for BHJ 70-081 candidate also includes
the star BHJ 70-083, too close to it to be separated in the in-
struments used. The difference in magnitude between these two
stars is small enough to prevent a significant modification of
Stromgren colours and so, the classification and the colour ex-
cess of the brightest star, allowing us to determine which of the
multiple Johnson reddening solutions is the true value.

For stars labelled “NM” on Table 3 the Strémgren reddening
values point to another Johnson reddening solution not compat-
ible with their membership, and so not quoted in Table 2. They
should be considered as non-members of the association.

The difference between the reddening values computed from
UBYV and from Strémgren photometry is 0.00 + 0.07, being
0.06 £ 0.04 for the confirmed members, which are all of them
early type stars.

Two of the new members (BHJ 24-052 and BHJ 27-048)
are located in the young subgroup (b) and the others in the old
subgroup (a). The faintest members belong to the old subgroup
and, as a whole, the members found in this work are fainter than
the stars previously suggested as PMS? (Garmany 1973, Sargent

3 BHJ 9, BHJ 37, BHJ 42, BHJ 44br, BHJ 45 and BHJ 50
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Fig. 5. Absorption as a function of distance in the direction of
Cepheus OB3 association

1979). This indicates that the actual PMS members should be
searched for below or around V,=10 mag and V,=11 mag for
the young and old subgroups, respectively.

Fig. 4 displays the intrinsic colour-magnitude diagram for
the previously known members and for additional members
from this work. Photometry of previously known members was
taken from BHJ and Sérg & Wrandemark (1970) and was dered-
dened using the procedure described above for candidate mem-
bers. The ZAMS by Mermilliod (1981) was overplotted on the
diagram.

Including the new members, the mean absorption of
the young and old subgroups are 2.59+0.48 and 2.284+0.34
respectively*, being these values under the same consideration
made in Sec. 3.3 for BHJ’s average. Fig. 5 shows the absorption
in the direction of Cepheus OB3 as a function of distance. The
absorption law proposed by Arenou et al. (1992) is overplotted.
The law fits well enough the absorption in the foreground of
the association but the effect of the interstellar matter present in
Cepheus OB3 for larger distances should be taken into account.
Our proposed modification is shown.

4. Ages of the subgroups

The first tentative ages of Cepheus OB3 subgroups were quoted
by Blaauw (1964). On the basis of colour-magnitude diagrams,
this author proposed ages of 8 Myr for the a subgroup, and
4 Myr for the b. In a later work (Blaauw 1991), the same author
gave new estimates of 10 and 7 Myr.

We used the evolutionary models by Schaller et al. (1992)
to evaluate the ages of the subgroups. We generated a set of
isochrones with solar metallicity and ages ranging from 0 to
14 Myr, in steps of 0.5 Myr, and we translated them onto the

4

Onmitting the star BHJ 11.
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Table 2. Reddening solutions compatible with membership and with proximity parameter d < 1. N, gives the total number of reddening

solutions
Tdent. EBV) n,m  (BV Vo VoM, nopay d__ N, GSC
BHI 11-024 T12 22 0.37 1142 8.10 2.7 0. 3
BHJ 20-059  0.92 0.8 0.40 1339 9.89 12 0.0 3
BHJ 20-061 1.03 1.6 0.08 1228  10.28 2.1 0.3 3
BHJ 23-008  0.66 1.1 0.54 1408  9.70 0.8 0.6 2
BHJ 23-039  0.82 0.1 -14 863 849 1.8 0.1 2 428200339
BHJ 23-042  0.41 29 0.30 1150  8.55 1.7 0.0 2 428200701
0.79 0.2 -.08 1037  9.33 0.0 0.1
BHJ 24-027  0.58 1.7 0.44 1305 930 0.0 0.0 3
BHJ 24-050  0.57 1.7 0.40 1231 879 12 0.0 3
1.09 2.0 -11 1078  10.13 1.8 0.1
BHJ 24-052 1.13 23 -1 958  9.05 0.6 0.0 3 428200429
BHJ 25-044 057 1.7 0.54 1332 892 0.9 0.4 2
BHJ27-020  0.85 03 0.34 1348  10.30 2.1 0.0 3
BHJ27-027  0.58 1.7 0.38 1244  9.04 0.6 0.0 3
1.06 1.8 -10 1099 1026 2.1 0.1
BHJ 27-035 0.1 22 0.47 1265 8.66 1.4 0.0 3 428200695
1.10 2.1 -12 1086 10.45 25 0.1
BHJ 27-047 0.55 1.9 0.54 1320 8.80 1.1 0.0 2
BHJ 27-048%  0.73 0.6 -17 965  9.96 1.4 0.1 2 428200501
BHJ 27-051 0.54 2.0 0.47 1272 877 12 0.0 3 428200456
1.13 23 -12 1095 1053 2.6 0.0
BHJ 28-024  0.60 1.5 0.60 1484  10.10 1.7 0.0 3
0.74 05 0.46 1444 1052 2.6 0.0
BHJ 28-035  0.59 1.6 0.35 1268  9.43 0.2 0.0 3
1.04 1.7 -.09 1135 1048 25 0.0
BHJ 30-014  0.77 03 -14 927 913 04 0.0 2 428200393
BHJ 30-039  0.74 05 0.54 1409  9.69 0.8 0.7 2
BHJ 34-011 0.99 13 -12 939 899 0.7 0.0 3 428200319
BHIJ 34-039 1.00 1.4 -14 1072 1053 2.6 0.0 2
BHI 43-007  0.54 2.0 0.62 1357 874 13 0.0 3
0.70 0.8 0.45 13.07  9.25 0.2 0.0
BHJ 43-009 1.12 23 -13 1006 9.73 0.9 0.0 2 428200895
BHJ 44-028  0.55 1.9 0.54 1361 921 0.2 0.2 2
BHJ 44-081 0.42 2.8 0.48 1235 834 2.1 0.0 3
1.03 1.6 -13 1054 10.18 1.9 0.1
BHJ 44-097 075 0.4 0.64 1497  10.01 1.5 0.0 3
BHJ 54-020  0.93 0.9 -12 1038 10.00 15 0.1 3
BHJ 54-023 0.53 20 0.23 1175 9.12 0.4 0.0 2
0.81 0.0 -04 1094  9.61 0.6 0.1
BHJ 64-005 1.01 14 -15 1043 10.42 24 0.1 2
BHJ 64-020  0.88 0.6 0.39 1231 888 1.0 0.0 3
BHJ 64-025  0.98 1.3 0.21 1281 10.28 2.1 0.0 3
1.20 2.9 -01 1216 10.63 2.9 0.0
BHJ 65-004 073 0.6 -.08 993  8.96 08 0.0 2
BHJ 65-023  0.61 15 0.54 12.58 820 2.4 0.0 2
BHJ70-030  0.55 1.9 0.54 1492 1052 26 0.2 2
BHJ 70-031 0.79 0.2 -11 1046  9.82 1.1 0.0 2 428201038
BHJ 70-041 0.42 2.9 0.45 1289  9.08 05 0.0 3 428201017
BHJ 70-080  0.98 12 -17 1029 1048 25 0.0 2
BHJ 70-081 0.84 03 -19 882 934 0.0 0.0 2 428200778
BHJ 70-083 0.73 0.6 -10 11.09 1044 24 0.0 2
BHJ 80-008  0.81 0.0 -14 1087  10.64 29 0.0 3
BHJ 80-009  0.43 2.8 0.34 1225  9.10 0.5 0.0 3
0.85 0.3 -.09 1097  10.09 1.7 0.0

@ BHJ 27-048 = BHJ 27

[(B-V),, M, ] plane. Afterwards the isochrones were shifted by
the average distance modulus of the association (9.32 mag).

Adapting Flannery & Johnson (1982) and Brown et al.
(1994), we defined a photometric distance A from a star sample
to a given isochrone as A% = Y~ 62, where §; is the euclidean
distance from the star ¢ to the isochrone in the [(B-V),,V,]
plane. The isochrone with minimum A gives the age of the star

sample.

The ages obtained were 5.5 and 8 Myr for b and a subgroups
respectively. When the known spectroscopic binaries (Garrison
1970, Garmany 1972) were removed from the samples, the re-
sulting ages became 5.5 and 7.5 Myr. The colour-magnitude
diagram with the corresponding isochrones is shown in Fig. 6.

The same set of isochrones were fitted to the sample of mem-
ber stars in the (log T, log g) plane. To this end, temperatures
and gravities were computed using the Stromgren photometry
from Crawford & Barnes (1970), Jordi et al. (1992) and from
this paper. We applied the algorithm by Jordi et al. (1994), which
uses the transformations by Napiwotzki et al. (1993). However,
in this plane almost all the members of the younger (b) sub-
group are placed below the ZAMS and, thus, the age cannot be
computed for this set of stars. The uncertainties in log g for the
hottest stars shown by Jordi et al. (1994) could explain this. The
resulting age for the older (a) subgroup is fully consistent with
7.5 Myr. The results are the same if we introduce log Tigr as a
weight in the calculation of A, as recommended by Brown et
al. (1994).
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Table 3. uvby-3 photoelectric photometry for the 19 candidates brighter than V=14 mag

Ident. b—y mi c I5) N EOb-vw) SP Membership
BHJ 23-039  0.440 +£.007 0.186 £.012 0.295+.019 2.608+.007 9 0.05 F0-G2 NM
BHJ 23-042 0.528 +£.007 0.004 +.016 1.030+.037 2931+.026 10 0.56 B M(a)
BHJ 24-050 0.597 £.005 0.272+.042 1248+ .117 29234+.017 6 0.29 A0-A2 NM
BHIJ 24-052 0.751 £.018 -178+.022 1.258 + .067 2.847+.039 4 0.76 B M(b)
BHJ 27-048 0.439 +.001 -.076 £.011 0.702 £.025 2.737+.005 4 0.49 B M(b)
BHJ 30-014 0.420 £.009 0.149 +£.015 0.304+£.015 2.620+.014 10 0.07 F0-G2 NM
BHJ 34-011 0.621 £.001 0.194 +.031 0.298 +.020 2.596+.023 4 0.19 >G3 NM
BHJ 34-039 0.633 +.031 -.039+.041 0.406+ .068 2.563+.077 3 0.28 >G3 NM
BHJ 43-009 0.714 +.002 0.047 £ .004 0.405+.030 2.639+.022 4 0.38 F0-G2 NM
BHIJ 44-081 0.615 +.028 0.097 £.005 0.724 +£.071 2984+ .062 4 0.66 B M(a)
BHJ 54-020  0.568 +.007 -.033+.025 0.682+.040 2.762+.035 9 0.62 B M(a)
BHJ 54-023  0.486 +.008 -.008 +.019 1.052+.042 2.840+.018 10 0.5I B M(a)
BHJ 64-005  0.591 4+ .010 0.1724+.002 0290+ .005 2.590+.014 3 0.17 >G3 NM
BHJ 65-004  0.410+.008 0.106 +.009 0.835+.031 2.847+.018 9 030 A3-A9 NM
BHJ 70-031 0.445 4+ .005 0.009 +.023 0.988 +.029 2930+.012 10 048 B M(a)
BHJ 70-080 0.561 +£.001 0.123 £.009 0.411+.011 2.545+.011 3 0.14 >G3 NM
BHJI 70-0812  0.492 + .007 -.059 +£.015 0.6454.001 2.787+.025 5 0.55: B M(a)
BHJ 80-008 0.565 +£.017 0.051 +.009 0.426+ .047 2.602+.068 3 0.21 F0-G2 NM
BHJ 80-009 0.455 £.021 0347 +.020 0.092 +.026 2.582+.023 6 0.02 >G3 NM

4 joint photometry with BHJ 70-083

4 e T T
/
5+ ° | J. o Younger subgroup (b) ]
o © Older subgroup (a)
: \:&;' ° —— ZAMS
6 e —— S55Myr 7
7 -
Vo sl
9 -
10 |
11 |
12 L | B 1 " | B
-0.4 -0.3 -0.2 -0.1 0.0
(B-V),

Fig. 6. Intrinsic colour-magnitude diagram for the two subgroups of
Cepheus OB3. Isochrones by Schaller et al. (1992) corresponding to
the ZAMS, 5.5 and 7.5 Myr are overplotted

5. Cross-identification with IRAS PSC

We cross-identified the IRAS Point Source catalogue with BHJ
stars and our photometric sample of 1056 stars. Five positional
coincidences were found. They are listed in Table 4, where we
also quote the relationship with Cepheus OB3 association (“M”
for members and “NM” for non-members).

These positional coincidences were already quoted in the
IRAS Point Source catalogue, except for BHJ 20-016 and

Table 4. Cross-identification between BHJ, Paper I and IRAS Point
Source Catalogue

Paper 1 BHJ IRAS Membership
15br 2251346152 M (b)
BHJ 15-019  15ft  22513+6152 NM
BHJ 20-016 17br  22516+6221 M (b)
BHJ 24-044 24 22526+6220 M (b)
BHJ 44-080  44br 2256146305 M (a)
61 22591+6240 M (a)

BHIJ 15ft, which are new. Two stars (BHJ 15br and BHJ 15ft)
fall in the 95% confidence uncertainty ellipse of the IRAS
22513+6152 source. The association reported by IRAS cata-
logue is with the bright component.

Two sources (22513+6152 and 22516+6221) have high
quality flux at 12 and 25 pm, and the remaining three at 25
and 60 um. The 12/25 ratio and [12]-[25] colours for the first
group indicate that these sources cannot be associated with nor-
mal stars. They are far from the standard relation by Waters
et al. (1987) in the combined Johnson-IRAS (V-[12],B-V) pho-
tometric diagram. This should be understood either as a pres-
ence of circumstellar shells or a lack of physical coincidence
between IRAS sources and BHJ stars. The three sources with
reliable photometry at 25 and 60 pm bands have greater val-
ues at 60 pum than at 25 pum, as corresponds to warm sources.
IRAS low detection of normal stars and preferential detection of
stars with abnormal infrared emission were reported by Habing
(1987) and Trullols & Jordi (1993).

6. Updated list of members

Since the information about the members of Cepheus OB3 as-
sociation is spread over different papers ranging from the 50’s to
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Table S. Members of Cepheus OB3 association
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BHJ Paper 1 BD GSC PPM QO (X) 62()()0 |4 Notes
+64°1714 23940  224605.626 +644743.24  10.57 a
+64°1717 23953 224752932  +650343.54 7.06 a
+62°2114 23956  224759.998  +62 51 48.07 9.61
2 +61°2350 426900340 23979 2249 36.461 +62 19 57.37 9.21
8 428200598 22 51 46.66 +62244338 11.00
9 +61°2355 428200774 24011 225229.247  +62 41 10.59 9.63 c
10 +61°2356 428200342 24016  225230.626  +622625.92 8.03
11 11-017 +61°2357 428200996 24019  225233.653  +621846.99 9.84 e
14 +62°2125 428200564 24021  225250.130  +63 24 48.29 8.95
15br +61°2361 24029 225315631  +6208 44.76 9.28
16ft 22 5328.67 +620805.63  13.95 g
16br +61°2363 24030 225330814  +62 08 05.63 8.91
17br  20-016 428200930 225338.18 +623657.56  10.45
18 +61°2127 428200674 225341.34 +632505.27 10.16
19 428200295 22 53 50.98 +631113.13  10.38
20 20-056 +61°2364 428200941 24036  225353.944  +623548.64 9.06
23-042 2254 09.9 +63 16 49. 12.74
22 +61°2365 428200772 24043 225417988  +623954.26 9.20
23 23-067 428200989 22541824 +63 14 50.64  10.80
24 24-044 +61°2366 428200710 24049  225436.324  +623644.00 9.73
25 25-052 428200544 22 54 40.44 +62450320  10.60
24-052 2254424 +62 37 55. 12.96
26 2254573 +62 34 16. 10.34 h
27 27-048 428200501 225503.98 +62493382 11.84
31 +61°2370 428200758 24060  225542.381  +621823.05 8.04
33ft 34-019 428200563 22554775 +625104.14 1231
33br  34-020 428200551 225549.35 +625113.61  11.38
37 428200471 2256 14.28 +630956.77  10.95 d
39 +62°2136 428200313 24070 2256 30.907  +62 52 06.99 7.76
40 40-111 +61°2372 428200933 24072  225642.525  +623729.24 8.71
41 +61°2373 428200617 24074  225647.188  +624337.42 7.66
42 428200945 22 5727.68 +624810.15 11.44 c
44-081 225801.4 +63 19 47. 13.62
44br  44-089 +62°2142 428200415 24088  225803.818  +632144.19 9.01 d
44ft  44-093 428200704 225806.34 +632150.83  10.34
45 +62°2143 428200694 225812.85 +632233.60 10.56 b
47 +62°2146 428200253 24093  225833.206  +63 4224.65 7.41
46br +62°2147 428200468 24098  225839.765  +630437.14 7.42
50 +62°2150 428200362 2259 16.47 +62 51 49.43 9.80 d
54 54-016 +62°2152 428200548 24108 225942753  +624638.32 8.98
54-020 225949.0 +62 45 35. 13.17
54-023 225953.7 +62 47 01. 13.35
56 +62°2154 428200338 24117  230032.182  +633058.72 9.33
59 +62°2155 428200638 230054.48 +62 52 54.19 9.81
61 +62°2156 428200636 24120 230111.940  +62 56 31.08 8.14
66 +62°2161 428200228 24148  230301.474  +634153.79 8.27
68 +62°2162 428200158 24150 23 0320.138  +63 33 01.88 8.59
69ft 428201032 2303 49.03 +632326.09 1229
69br +62°2163 428200419 24162 230402249  +632348.98 7.65
70-031 230427.6 +632211. 12.82
70-081 2304438 +63 21 31. 11.36
70 70-086  +62°2166 428200449 24169 230445435  +632105.11 9.32
75 +63°1928 428600306 24185  230556.725  +64 174225 7.64 f
76 +62°2170 428200391 24186 23 0608.974  +631246.14 7.43
77br 428200099 23 07 06.55 +631937.00 10.48
Notes to Table 5:

a: Possible member, proposed by Jordi et al. (1992). Its membership to Cepheus OB3 would imply that the association covers a more extended region
b: Classified as non-member by BHIJ. Proposed as possible pre-main sequence member by Garmany (1973)
c: Classified as non-member by BHJ. Proposed as possible pre-main sequence member by Garmany (1973) and Sargent (1979)

d: Classified as member by BHI. Proposed as pre-main sequence member by Sargent (1979)

e: Classified as member by BHJ. Its membership is considered ‘extremely doubtful’ by Sargent (1979). Classified as non-member by Jordi et al. (1992)

f: Classified as member by BHIJ. Its membership is considered doubtful by Sargent (1979)

g: Coordinates computed from BHJ 16br by adding the offset quoted by BHJ (8 = 270°, p ~ 15"")
h: Position measured on a paper copy of the POSS plate containing the association, using as reference the surrounding stars with known coordinates

now, we found it useful to compile the updated list of members
shown in Table 5. We include different cross-identifications, ap-
parent visual magnitudé and positional information.

Most of the BHJ stars were visually searched for and iden-
tified comparing the finder chart published by BHJ with the
Guide Star Catalogue (GSC, Jenkner et al. 1989). The coordi-
nates of the stars cross-identified with the Positions and Proper
Motions Catalogue (PPM, Roser & Bastian 1989) were taken

from this source. Coordinates for the other stars were obtained
from the GSC and from Paper I, except for the stars BHJ 26
and BHJ 16ft. The position of BHJ 26 was measured directly
on a paper copy of the POSS plate containing the association’.
The position of BHJ 16ft was computed from the position angle
> The photograph was measured with a Nikon Measurescope micro-
metric device. A linear transformation from x and y to « and § was
computed using the stars with known coordinates surrounding BHJ 26.
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and angular distance from BHJ 16br quoted by BHJ (6 =~ 270°,
p = 15").

Visual magnitudes were taken from Paper I, Jordi et al.
(1992) and BHI.

7. Conclusions

From UBVRI-CCD photometry of stars in 18 randomly se-
lected fields in Cepheus OB3 individual reddening solutions
were found for 130 stars. The selection of the solutions compat-
ible with the mean excess and distance modulus of the associa-
tion yields a list of 42 member candidates with apparent visual
magnitudes 11.1 < V' < 17.2 mag.

The 19 brightest candidates were observed in the uvby-3 sys-
tem. Eight of them were confirmed as members of Cepheus OB3
association and 11 were found to be non-members. The ap-
parent visual magnitude of the new members ranges from
V'=11.36 mag to V'=13.62 mag. Both Johnson and Strémgren
photometries indicate that all of them are of spectral type B.
The presence of a member at V'=13.62 mag suggests that the
turn on of the association is located down to this magnitude and
PMS stars could be searched for below or around this value.

The ages of the subgroups were found tobe 5.5 and 7.5 Myr,
younger than quoted in previous works.

The confirmation of the membership of some of our mem-
ber candidates justifies undertaking observations oriented to de-
cide the relationship to Cepheus OB3 of the candidates fainter
than V = 14 mag. The extension of this investigation to larger
zones of the association would greatly improve our knowledge
of the stellar content, the IMF, the structure and the history of
Cepheus OB3.

Acknowledgements. This work was supported by the CICYT under
contracts ESP94-1311-E and ESP95-0180 and by the Ayudas para la
utilizacién de recursos cientificos de cardcter especifico by the DG-
ICYT. We acknowledge J. Torra, X. Luri, E. Masana and 1. Ribas
for their kind collaboration in the Stromgren observations. We thank
J. Knude his comments. D.G-E. also acknowledges the grant of the
Programa Sectorial de Formacién de Profesorado Universitario'y Per-
sonal Investigador by the Ministerio de Educacién y Ciencia (ref. AP92
30526274).

References

Ambartsumian V.A., 1947, Stellar Evolution and Astrophysics. Arme-
nian Acad. of Sci.

Arenou F,, Grenon M., Gémez A., 1992, A&A 258, 104

Blaauw A., 1964, ARA&A 2,213

Blaauw A., 1991, The Physics of Star Formation and Early Stellar
Evolution. Kluwer Academic Publishers, Dordrecht, p.125

Blaauw A., Hiltner W.A., Johnson H.L., 1959, ApJ 130, 69 (BHJ)

Brown A.G.A., De Geus E.J., De Zeeuw P.T., 1994, A&A 289, 101

Crawford D.L., Barnes J.V., 1970, AJ 75, 952

Crawford D.L., Mandwewala N., 1976, PASP 88, 917

De Geus D.J., De Zeeuw P.T., Lub J., 1989, A&A 216, 44

Elmegreen B.G., Lada C.J., 1977, AJ 214, 725

Flannery B.P., Johnson B.C., 1982, AJ 263, 166

Garcia B., Clarid J.L., Levato H., 1988, Ap&SS 143,317

Garmany C.D., 1972, AT 77, 38

507

Garmany C.D., 1973, AJ 78, 185

Garmany C.D., 1994, PASP 106, 25

Garrison R.F,, 1967, ApJ 147, 1003

Garrison R.F, 1970, AJ 75, 1001

Habing H.J., 1987, Circumstellar Matter, I. Appenzeller & C. Jordan
eds. p.197

Hughes V.A., 1988, ApJ 333, 788

Jenkner H., Lasker B., McLean B., et al., 1989, The Guide Star Catalog.
Space Telescope Science Institute, Baltimore

Jordi C., Galadi-Enriquez D., Trullols E., Lahulla F,, 1995, A&AS 114,
489 (Paper )

Jordi C., Masana E., Figueras F., Torra J., Asiain R., 1994, Space &
Science Reviews 66, 203

Jordi C., Trullols E., Rossell6 G., Lahulla F,, 1992, A&AS 94, 519

Luri X, Torra J., Figueras F., 1992, A&A 259, 382

Masana E., 1994, Degree in Physics, Universitat de Barcelona

Mermilliod J.C., 1981, A&A 97, 235

Moreno-Corral M.A., Chavarria K.C., De Lara E., Wagner S., 1993,
A&A 273,619

Napiwotzki R., Schonberner D., Wenske V., 1993, A&A 268, 653

Roser S., Bastian U., 1989, PPM-positions and proper motions-North,
Astron. Rechen. Inst. Heidelberg

Sirg K., Wrandemark S., 1970, A&AS 2, 251

Sargent AL, 1977, ApJ 218, 736

Sargent AL, 1979, ApJ 233, 163

Schaller G., Schaerer D., Meynet G., Maeder A., 1992, A&A 96, 269

Schmidt-Kaler Th., 1982, Landolt-Bomstein New Series, Group VI,
Vol. 2, Subvol. B, Springer-Verlag

Testi L., Olmi L., Hunt L., Tofani G., Felli M., Goldsmith P., 1995,
A&A 303, 881

Trullols E., 1990, Ph.D thesis, Universitat de Barcelona

Trullols E., Jordi C., 1993, A&AS 100, 311

Waters L.B.EM., Cote J., Aumann H.H., 1987, A&A 172, 225

This article was processed by the author using Springer-Verlag IXTgX
A&A style file version 3.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996A%26A...312..499J

