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ABSTRACT

We present a photometric investigation in the uvbyp system of a 20° x 20° field centered at galactic coordinates (1, b) =
(105°, 5°). This region contains a relatively isolated structure of numerous HII regions in the direction of some of the
OB associations in Cepheus and Cassiopeia. Photoelectric uvbyp data of more than 220 stars of spectral types O-B9 are
available for this field and are used to obtain homogeneous distance estimates for a number of prominent stellar groups,
among which are the Cep OB2 and Cep OB3 associations and the open clusters NGC 7243 and NGC 7654.

Keywords: Open Clusters and Associations: Individual (Cep OB2); Open Clusters and Associations: Individual
(Cep OB3); Open Clusters and Associations: Individual (NGC 7243); Open Clusters and Associations:

Individual (NGC 7654)

1. Introduction

The field between 95° and 116° galactic longitude and
—5% and 15° galactic latitude contains numerous HII re-
gions. Among them Sh 2-131, Sh 2-132 and Sh 2-157 are
the most prominent, associated with some very young
open clusters. Several OB associations have been identi-
fied in this direction (Cep OB1, Cep OB2, Cep OB3, Cep
OBS5 and Cas OB2), some of which are well studied in
terms of broad-band photometry (see Humphreys [1] and
the references therein).

The goal of this investigation is to provide homoge-
neous distance and reddening estimates for as many
young stars as possible in the studied coordinate range.
We use the intermediate-band uvbyp photometric system
(Stromgren [2], Crawford & Mander [3]), since it allows
reliable distance determination which helps distinguish
among closely spaced groups along the line of sight (see
for example Kaltcheva & Golev [4]). This study is aimed
to provide the basis for a further detailed investigation of
the interaction between the OB stars and the interstellar
medium for this field.

2. The Sample

The field is selected to cover the isolated large-scale fea-
ture seen in Ha between 95° and 116° galactic longitude.
All uvbyp data within this coordinate range was extracted
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from the catalog of Hauck & Mermilliod [5]. The sample
contains 222 stars of spectral types O to B9 with com-
plete uvbyp photometry. The sample stars are presented
in Figure 1. They are overplotted on an Ho map
smoothed to 4 arcmin resolution to remove star residuals,
Gaustad ef al. [6], which is obtained via the SkyView VO
interface (McGlynn et al. [7]).

3. Calculation of Interstellar Extinction and
Stellar Distances

The color excess E(b-y) for stars of luminosity classes
(LC) III, IV and V was obtained via the Crawford’s [8]
calibration. The calibration by Kilkenny & Whittet [9]
was used for LC II, Ib, Iab and Ia. We used R = 3.18 and
E(B — V) = E(b — y)/0.74 to obtain the corrected for red-
dening visual magnitude V. The calibration by Balona &
Shobbrook [10] was applied to derive the absolute mag-
nitude My for each star. For stars indicated as emis-
sion-line stars, § calculated from c, was used to calculate
My. This procedure has been described in detail in earlier
studies of star-forming fields based on uvbyf photometry
(see for example Kaltcheva & Hilditch [11]). Note that
the uvbyp photometric distances derived in this way are
in excellent agreement with the recalculated Hipparcos
data (Kaltcheva & Makarov [12]). In addition, the by Ba-
lona & Shobbrook [10] luminosity calibration has been
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Figure 1. All stars in the studied field with uvbyp photometry available in the Hauck & Mermilliod catalog [5] plotted in
galactic coordinates. The stars are superimposed on a Ho map obtained via the SkyView VO interface (see text for details).

tested via the Hipparcos data and shown to be reliable
(Kaltcheva & Knude [13], Torra et al. [14], Kaltcheva &
Golev [15]). Note that in the uvby system both the color
excess and absolute magnitude calculations do not rely
on a precise determination of spectral type and, to some
extent, the luminosity class. This is because the calcula-
tions are carried on in the same way for all stars in a
given spectral range (e.g. O-B9), depending on the LC
for the color excess derivation only. The spectral and
luminosity classes used in these calculations were ex-
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tracted from the SIMBAD database and verified based on
the classification [c;] vs. [m;] diagram (Stromgren [2]
not shown here). The expected uncertainties in the de-
rived distances are of the order of —13% to +15% for LC
III-V, and —21% to +26% for LC I-II.

Table 1 (available in full from the authors upon re-
quest) summarizes the photometric data and the derived
stellar parameters. The table includes stellar identifica-
tions, followed by spectral and luminosity type and
uvbyp photometric data, color excess and dereddened
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Table 1. Distance modulus and color excess for the clusters and OB associations represented in the sample.

LID v b-y my ci p Sp,LC (b—y) Co my Eb-y) V, Mv DM Notes
900020004 10.78 0.297 0.028 1.051 2.862 BS -0.02 0991 0.133 0317 9.416 0.89 8.53 Cep OB3 FG
900020034 10.6 0.275 0.039 0986 2.845 AlV  —-0.026 0929 0.138 0.301 9305 0.75 8.56 Cep OB3 FG
900020064 9.58 0.236 0.067 1208 2.826 AlV ~ —-0.003 1.163 0.146 0.239 855 0.25 8.30 Cep OB3 FG
900020065 10.14 0.196 0.06 0946 2816 B9V  —0.029 0903 0.134 0225 9.174 043 8.75 Cep OB3 FG
900020055 999 0.223 0.063 1.055 2.803 A0V -0.018 1.009 0.143 0.241 8952 0.13 8.82 Cep OB3 FG
900020072 8.15 0.233 —0.044 0.875 2.718 BS8II —0.036 0.824 0.045 0.269 6992 -1.10 8.09 Cep OB3 FG
900020078 858 0.087 0.075 0939 2.747 BY9vn -0.027 0917 0.113 0.114 8.089 —0.67 8.76 Cep OB3 FG
900020082 9.35 0.083 0.105 0942 2.837 B9.5V -0.027 0921 0.141 0.11 8.878  0.66 8.21 Cep OB3 FG
900020074 10.56 0.153 0.096 1.049 2.86 A3V —-0.018 1.017 0.152 0.171 9.827 0.85 8.98 Cep OB3 FG
900020002 923 0.605 —0.178 0.149 2.626 B1V  —0.116 0.012 0.06 0.721 6.132 -295 9.08 Cep OB3

6202114 9.61 0.379 —0.068 0.107 2.665 B8 —0.115 0.013 0.095 0494 7485 -229 9.77 Cep OB3
900020016 892 0.562 —0.104 0.05 2.611 - —0.124 —-0.08 0.123 0.686 5968 -3.76 9.73 Cep OB3
900020010 8.03 048 —0.141 0.029 2.613 085V -0.125 —-0.086 0.059 0.605 5429 -3.75 9.18 Cep OB3
900020020 9.11 0513 -0.124 0.111 2.629 BIV  —-0.117 —-0.009 0.084  0.63 6.399 —299 9.38 Cep OB3
900020031 8.01 046 -0.12 0.004 2611 O85V —0.127 —-0.108 0.074 0.587 5486 —-3.95 9.44 Cep OB3
900020022 924 0436 —0.096 0.055 2.622 BIV —0.121 —0.051 0.088 0.557 6.843 -3.35 10.19 Cep OB3
900020024 9.71 0.604 —0.173 0.129 2.644 BI1V  —0.117 —0.008 0.065 0.721 6.608 -2.71 9.32 Cep OB3
900020019 104 0318 0.014 0387 2715 B7V  —0.086 031 0.147 0.404 8.661 —0.81 9.48 Cep OB3
900020014 9.03 0.532 —0.117 0.166 2.635 BL.5V —0.112 0.044 0.096 0.644 6259 -2.65 891 Cep OB3
900020040 88 0556 —-0.109 0.112 2.632 BlVn -0.118 -0.016 0.113 0.674 5901 -296 8.86 Cep OB3
900020041 7.71  0.532 —0.156 —0.002 2.596 - -0.129 —0.128 0.062 0.661 4.868 —4.47 9.34 Cep OB3
900020039 7.74 0424 —0.117 0.006 2.617 - —0.126 —0.099 0.065  0.55 5375 -3.76 9.13 Cep OB3
900020037 1095 0.438 —0.028 0.597 2.727 B6Vnnp —0.068 0.501 0.139 0.506 8.775 -0.56 9.34 Cep OB3
900020054 9.02 043 -0.07 0.166 2.623 Bl.5Vvn —0.11 0.063 0.108 0.54 6.696 —2.84 9.54 Cep OB3
900020050 9.82 0376 —0.042 0377 2.686 B3V  —0.088 0289 0.111 0464 7.823 -127 9.09 Cep OB3
900020046 7.41 0.348 —0.073 0.042 2.609 - —0.121 —0.047 0.082 0469 5.393 -3.60 9.00 Cep OB3
900020044 9.04 0337 -0.04 0243 2.683 B5V -0.101 0.16 0.105 0438 7.157 -1.52 8.67 Cep OB3
900020061 8.14 041 -0.096 0.063 2.612 B0.5V —-0.12 -0.038 0.079 0.53 586 —348 934 Cep OB3
900020047 741 0.287 —0.043 0.071 2.621 BIl1.5V —0.117 —0.006 0.09 0404 5.673 -3.13 8.8l Cep OB3
900020056 933 0415 -0.07 0.093 2.633 BIV —0.117 —0.008 0.106 0.532 7.041 -291 9095 Cep OB3
900020068 86 0302 —-0.034 0.092 2615 BIV —-0.115 0.013 0.104 0417 6.806 -3.19 9.99 Cep OB3
900020069 7.67 0355 —0.077 0.05 2.601 - -0.12  -0.04 0.08 0475 5.626 -3.76 9.39 Cep OB3
900020066 824 0498 —0.075 0.104 2.601 BOIV:n -0.118 -0.013 0.128 0.616 5592 -3.64 9.23 Cep OB3
900020070 93 0411 -0.08 0.111 2626 BIV —-0.115 0.011 0.094 0.526 7.036 -2.96 9.99 Cep OB3
900020076 746 0368 —0.081 0.008 2.595 BOIV —0.125 —0.086 0.082 0.493 5341 -4.19 9.3 Cep OB3
900020075 7.65 0493 —0.129 0.07 2.595 BOII —0.121 —0.047 0.074 0.614 5.009 -3.96 897 Cep OB3
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Continued

100213209 84 0201 0.02 0.694 278 BOV
100213209 84 0201 0.02 0.694 278 BoV
100239956 9.27 0351 0.013 1.062 2.812 B9V
100239977 9.84 0324 0.032 0.164 2.826 A0
5702553 10.78 0.297 0.029 1.164 2.873 -
5702552 10.86 0.316 —0.023 1.226 2.876 -
100213231 828 0306 —0.042 0332 2.642 B8
5702551 9.88 0.234 0.002 0.71 2.728 -
5702531 10.12 024 0.002 0.37 2.673 -
100239955 9.84 0.203 —0.007 0.326 2.662 B8V
5802435 11.17 047 -0.094 0.198 2.662 -
5702522 10.51 0.276 —0.054 0.42 2.644 -
100213470 6.73 0443 -0.04 1.193 2.621 A3la...
620080025 10.88 0.438 —0.012 0.113 2.616 -

5702536 10.326 0.428 —0.138 0.087 2.58 -

-0.054 0.646 0.104 0255 7305 0.13 7.17 Anon FG
-0.054 0.646 0.104 0255 7305 0.13 7.17 Anon FG
0991 0.135 0371 7.674 0.28 7.39 Anon FG
—0.108 0.082 0.175 0432 798 —043 841 Anon FG
-0.009 1.106 0.13 0306 9.464 091 8.55 Anon FG
—0.003 1.165 0.082 0319 9487 0.89 8.60 Anon FG
—0.092 0.256 0.089 0398 6.571 -2.16 8.73 Anon FG
-0.053 0.656 0.097 0287 8.647 —0.65 9.29 Anon FG
-0.086 0308 0.11 0326 8716 —-1.48 10.20 Anon
027 0.09 0.293 858 —-1.71 10.29 Anon
—0.108 0.088 0.097 0.578 8.685 -2.03 10.72 Anon
—0.082 0.352 0.064 0.358 897 —2.16 11.13 Anon
1.124  0.08 0365 5.161 —6.15 1131 Anon
—0.116 0.008 0.171 0.554 8499 -3.18 11.68 Anon
—0.118 —0.017 0.042 0.546 7978 —4.35 1233 Anon

Note: The table is available in full from the authors upon request. The table includes stellar identifications (LID), uvbyp photometric data, spectral and luminosity
type, dereddened photometry and color excess, calculated absolute magnitude and true distance moduli. The portion presented here includes the stars toward the
Cep OB3 association and the suggested new group at (1, b) = (105°, 0.5°) (see text for details). “FG” indicates foreground star.

photometry, calculated absolute magnitude and true dis-
tance moduli.

4. Results

The diagrams color excess E(b — y) vs. true distance mo-
dulus (DM), dereddened visual magnitude V, vs. dered-
dened color index. (b — y)o, and My vs. (b — y), are pre-
sented in Figures 2 and 3 and are used to identify spa-
tially coherent features in the studied coordinate range.
Our sample is representative for several associations and
young open clusters in this field. At 1= 106°, we divide
the field into two parts and consider them separately in
the following analysis. The new distance and color ex-
cess estimates, as discussed below, are presented in Ta-
ble 2.

4.1. Longitude Range 106° - 116°: Cep OB3 and
Cas OB2

Cas OB2 (Rupreht 31) at average galactic coordinates (I,
b) = (112°, 0.2°) is the most spatially extended OB asso-
ciation previously detected within this longitude range.
Several HII regions are found in the field covered by the
association, Sh 2-161 and Sh 2-157 being the most pro-
minent. The rich open clusters NGC 7510 and NGC 7654
are located within the association’s boundaries. The

membership to Cas OB2 has not been extensively studied.

Garmany & Stencel [16] classify Cas OB2 as a group
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with poorly defined main sequence (MS) and derive a
true DM of 11.7 mag. Humphreys [1] provides DM =
12.1 mag, based on 16 stars. To the North of Cas OB2,
the apparently very compact Cep OB3 (Rupreht 30) is
located, in an area between the HII regions Sh 2-160, Sh
2-161 and Sh 2-155. Garmany & Stencel [16] identified
Cep OB3 as a group with well defined MS and, based on
29 stars, obtained a true DM of 9.3 mag. Humphreys [1]
adopts true DM = 9.7 mag, based on 6 stars.

The first two panels of Figure 2 present the sample
stars plotted in galactic coordinates and the diagram
color excess vs. true distance modulus. The locations of
the three open clusters with available uvbyp photometry
present in our sample are also shown. The apparent field
stars we indicate with filled symbols of different size, ac-
cording to the calculated absolute magnitude. All intrin-
sically bright field stars (My < —4 mag) are located be-
yond DM = 9.5. The stars referred to Cep OB3 (open
symbols) are all more reddened than E(b — y) = 0.4 mag
and very well grouped in terms of distance. There is a
previously noticed group of B9-A0 foreground stars lo-
cated in the direction of Cep OB3 (see Garmany & Sten-
cel [16] and the references therein). This group (marked
with x-symbols) is about 1 mag closer in comparison to
Cep OB3. The separation evident on the E(b — y) vs. DM
diagram can be followed on the rest of the photometric
diagrams on Figure 2. Cep OB3 has a tight MS, covering
a considerable range in My. The field stars do not form
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Figure 2. All O-BY stars with calculated distances and color excesses in the sample toward the Cas OB2 and Cep OB3
associations. The diagrams color excess E(b — y) vs. Distance Modulus, V¢ vs. (b — y)o and My vs. (b —y), are shown. The

symbols are explained in the text.

well defined main sequences, as they do not form obvi-
ous groups. The group of B9-A0 stars foreground to Cep
OB3 also form a quite well defined MS on the V, vs. (b
—y)o diagram. The distance estimates to Cep OB3 exist-
ing in the literature vary between 580 and 850 pc (see
Allen et al. [17] for a recent review). The average dis-
tance, based on 27 stars, that we provide in this paper is
756 £ 27 pc (DM = 9.36 mag, Table 2). The O7Vn star
HD 217086 (LID 900020041) is thought to be the ioniz-
ing star of Sh 2-155. We obtain a distance of 738 pc to
this star, which is twice less than the one based on the
Call HK lines (1688 pc, Megier et al. [18]). Note that the
uvbyB-based distance to HD 217086 is in excellent agree-
ment with the average distance to the Cep OB3 associa-
tion as obtained here.

In our sample Cas OB2 is represented by several stars
intrinsically brighter than My = —4 mag. The photometric
diagrams (Figure 2 bottom) indicate that these stars are
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evolved from the MS. They are also quite spread in dis-
tance, with an average DM = 11.4 (+ 1.3 s.d.) mag. All
these stars are included in the previous membership lists
of Cas OB2. Thus, despite of the small number of stars
with uvbyp photometry available, there are indications
that the existing distance estimates for Cas OB2 maybe
slightly overestimated.

The open cluster NGC 7654 is well represented in our
sample (14 stars), but only the brightest stars of NGC
7789 and NGC 7380 have uvbyp photometry presently
available. We find NGC 7654 farther at about 0.3 mag in
comparison to the true DM listed in WEBDA. For NGC
7789 the true DM in WEBDA is significantly larger (up
to 0.7 mag) in comparison to the one obtained here, and
also the one provided by Dias et al. [19]. The only star
from NGC 7380 with uvbyp data available is found at a
distance at agreement with the estimate for the cluster
(WEBDA). Based on the available uvbyp data, all clus-
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Figure 3. All O-B9 stars with calculated distances and color excesses in the sample toward the Cep OB1 and Cep OB2
associations. The diagrams color excess E(b — y) vs. Distance Modulus, V, vs. (b —y)y and My vs. (b — y), are shown.

ters appear located between distance moduli 11.0 mag
and 11.4 mag. Within the errors, this range is consistent
with the average distance found here for the Cas OB2
association.

4.2. Longitude Range 94° - 106°: Cep OB1 and
Cep OB2

This longitude range is dominated by the very extended
Cep OB?2 association (Rupreht 27). Garmany & Stencel
[16] and Humphreys [1] derive DM of 9.9 mag and 9.6
mag, respectively. Humphreys [1] found that the asso-
ciation extends more than 10° x 10° in the 97° - 108" lon-
gitude range and between 12° and —1° galactic latitude.
The open cluster Tr 37 and the prominent HII region Sh
2-131 are sometimes referred to as the core of Cep OB2.
The open clusters NGC 7160, NGC 7235 and NGC 7281
are also thought to be part of the association.

Along its southern edge, Cep OB2 is adjacent to Cep
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OBI1. The HII region Sh 2-132 and NGC 7380 projected
toward Sh 2-142 are located between the two associa-
tions. According to Humphreys [1], who lists DM = 12.7
mag to Cep OBI, the association is about 3 times more
extended along galactic longitude than in galactic latitude.
Garmany & Stencel [16] obtain DM = 12.2 mag to Cep
OBI1.

The first two panels of Figure 3 present the stars con-
sidered in this subsection plotted in galactic coordinates
and the diagram color excess vs. true distance modulus.
The locations of the four open clusters represented to
some extent in the uvbyp sample are also indicated. We
tentatively divide this subsample into two parts according
to the calculated intrinsic brightness. Most of the stars
intrinsically brighter than —2.5 mag (filled symbols) are
located farther than DM = 9.5 mag, while the rest of the
stars (open circles) are foreground. Eleven of the intrin-
sically bright stars are found between longitudes 100° to
105° and latitudes 1° to 8°, in a DM range from 9.0 to
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Table 2. Distance modulus and color excess for the clusters and OB associations represented in the sample.
Name N I b E(b-vy) s.d. DM (uvbyP) s.d. s.e. DM

Cep OB3 27 110.4 2.9 0.55 0.09 9.36 0.39 0.07 9.3/9.7

Cas OB2 7 1123 0.2 0.49 0.19 11.41 1.28 0.48 11.7/12.1

Cep OB2 11 102.3 59 0.34 0.1 9.76 0.45 0.15 9.9/9.6

Cep OBI - - - - 12.2/12.7

Anon 105, 0.5 7 104.9 0.5 0.43 0.12 11.09 0.76 0.29 -

IC 5146 1 94.25 —5.44 0.36 9.73 9.65
NGC 7209 2 95.5 —7.34 0.16 0.02 9.94 0.47 19.88 10.33
NGC 7243 18 98.86 —5.52 0.17 0.02 9.36 0.45 8.52 9.54
NGC 7380 1 107.07 -0.9 0.42 11.37 11.73
NGC 7654 14 112.8 0.43 0.45 0.04 10.97 0.42 0.11 10.73
NGC 7789 3 115.53 -5.38 0.22 0.02 11.1 0.52 0.3 11.27

Tr 37 4 99.3 3.73 0.37 0.04 9.55 0.39 0.2 9.61

Note: The stellar group, the number of stars on which the estimates are based, and the average galactic coordinates are shown in the first four columns. Existing
distance estimates both from Garmany & Stencel [16] and Humphreys [1] for the associations and Dias et al. [19] for the open clusters are shown in the last column.
For the extinction estimates the standard deviation is provided. For all distance estimates both the standard deviation and standard error of the mean are provided.

10.5 mag. All these stars are included in the previous
membership lists of Cep OB2. The average DM is 9.76
(£ 045 s.d.; £ 0.15 s.e.), consistent with previous esti-
mates.

NGC 7243 is represented by 18 stars with uvbyp data
presently available. The average color excess and DM
derived here are in good agreement with those listed in
WEBDA. The uvbyB-based color excess and distance
modulus of the only star from IC 5146 with such a data
available are also consistent with the average parameters
of the cluster (see Table 2). Of all 54 stars of NGC 7209
measured by Pefla & Peniche [20] we have classified
only two stars as earlier than AQ type and calculated in-
dividual color excesses and distance moduli in agreement
with the latter authors. In general, the open clusters in
this subsample (Tr 37, IC 5146, NGC 7243 and NGC
7209) are all found between DM 9.4 and 10 mag.

The Cep OB association is represented by several in-
trinsically bright stars at negative latitudes, quite spread
according to their uvbyP distances. Some of them are
located at DM = 12 to 13 mag, thus consistent with pre-
vious distance estimates. The large spread in distance,
however, supports previous suggestions that Cep OB1
might not be a single association (Moffat [21]). The E (b
—y) vs. DM diagram on Figure 3 contains more stars
farther than 11 mag, but some of them are located at
positive galactic latitude. Based on our sample, we can-
not reliably study the classical Cen OB1 association.

It seems possible to identify a previously undetected
group of seven young stars (star-symbols) at average

Open Access

galactic coordinates (I, b) = (105°, 0.5%). The group is
located at true DM = 11.09 (£ 0.76 s.d., = 0.29 s.e.) and
contains the following stars with uvby98 identifications:
5702531, 100239955, 5802435, 5702522, 620080025,
5702536 and 100213470. These stars have similar proper
motions (where available). The stars mentioned above
are all more reddened than Ay = 0.9 mag and are all pro-
jected near the HII regions Sh 2-138 and Sh 2-139. Sev-
eral foreground stars (plus-symbols) are also located to-
ward (1, b) = (105°, 0.5%), all of them less massive and
closer than DM = 9.5 mag.

5. Concluding Remarks

Based on all O-B9 stars with available uvbyp photometry
in the studied longitude range we obtain homogeneous
distance estimates for several stellar groups, as summa-
rized in Table 2, and for a sample of field stars as well.
In general, there is a good agreement between the uvbyp
distances and these by Garmany & Stencel [16], which
are obtained via MS fitting. However, the uvbyp esti-
mates, which are based on individual stellar distances
should be considered more reliable for groups without
well defined MS. The distance obtained here for Cep OB3
is in excellent agreement with previous estimates. There
are indications that the currently adopted distance to Cas
OB2 may be overestimated, but the uvbyp sample is not
large enough for firm conclusions. Although the uvbyp
sample for Cep OB2 is also relatively small, the derived
distances seem to be in agreement with previous estimates.
The large spread in distance for Cep OB1 suggests, how-
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ever, that this association may have a complex structure.
It seems that a previously undetected group of several
young stars at average galactic coordinates (I, b) = (105°,
0.5°) can be identified, projected in the vicinity of the HII
regions Sh 2-138 and Sh2-139.
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