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Abstract. — Homogeneous Walraven (VBLUW) photometry is presented for 5260 stars in the regions of five nearby south-
ern OB associations : Scorpio Centaurus (Sco OB2), Orion OB1, Canis Major OB1, Monoceros OB1, and Scutum OB2.
Derived ¥ and (B — V') in the Johnson system are included.
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1. Introduction.

A photometric study of the nearby (< 1 kpc) OB associa-
tions is very important for a better understanding of the pro-
cesses of star formation in giant molecular clouds, for cali-
brating models of stellar evolution, and for determination of
membership and distance to the stellar groups. Among the
OB associations visible from the southern hemisphere are
the nearest regions of recent massive starformation : Scor-
pio Centaurus and Orion OB1.

Homogeneous studies of nearby OB associations are
severely hampered by their poorly known membership of
stars. Membership determination of stars in OB association
areas has been the main objective of the work by the
SPECTER consortium in Leiden. SPECTER has dedicated
its time to obtaining a variety of data relevant to the study
of the associations. Because proper motions are the most
accurate way to establish membership of an association,
observation of a large sample of stars in the nearby
OB associations was proposed to HIPPARCOS (proposal
number 141). Although the satellite did not get into its
proper orbit, there is still hope that accurate parallaxes and
proper motions will become available. Measurements of
radial velocities of the early-type stars in the associations
provide the velocity component in the third dimension.
Knowledge of the motion of the stars will enable the
determination of membership down to later spectral types
than has so far been available. A proposal to determine
radial velocities of stars in nearby OB associations has
recently achieved key-project status at ESO, allowing a
systematic survey of the radial component of motion of

the association stars. The photometric observations are
important, in order to take out obvious non-members,
and to determine such properties as the visual extinction,
distance, age, and present-day mass function of the
associations. A report on the progress of the work carried
out by SPECTER was given by de Geus ez al. (1986).

In this paper we present the results of a homogeneous
photometric study of 5260 possible member stars of
five southern OB associations : Scorpio Centaurus (Sco
OB2), Orion OB1, Canis Major OB1, Monoceros OB1,
and Scutum OB1. Earlier photometric studies of these
association include : Garrison (1967), Gutierrez-Moreno
and Moreno (1968) and Glaspey (1971) on Sco OB2,
Warren and Hesser (1978) on Ori OB1, Feinstein (1967)
and Eggen (1981) on CMa OB1, Walker (1956), on Mon
OB1, and Humphreys (1978) on Sct OB2.

2. Observations.

The observations were made with the Walraven photometer
mounted on the Dutch 91-cm “Lightcollector”, which is
located at ESO, La Silla in Chile. All observations were
made using a 16” diaphragm. Integration times were
between 30 seconds and 2 minutes, depending on the star’s
brightness. For an extensive report on the performance of
the photometer, the reduction of data, and definition of
the ring of standards we refer to Pel and Lub (1990). The
Walraven system measures intensities in five bands (¥ B,
L, U, and W) simultaneously. Table I lists the properties
of the passbands (from de Ruiter and Lub, 1985). Four
colour-indices, which have a direct significance in terms

(*) Based on observations collected at the Dutch telescope at ESO, La Silla.

Send offprint requests to : EJ. de Geus (Maryland address).

(') To obtain magnitudes multiply by —2.5. For Johnson magnitudes see description of tables III to XIX, column 11.

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


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1990A%26AS...85..915D&amp;db_key=AST

FTIVDAGAS. ~.-85. ~ 915D

916

of the physics of the stellar atmosphere, can be defined :
(V-B),(B-U),(U—-W),and (B — L). The observations
were carried out in 11 periods between December 1982 and
January 1988. Parallel to this program a study of A, F, and G
fieldstars for observation by HIPPARCOS was made. These
data will shortly be published separately (Lub et al, 1990).

Figure 1 shows a colour-colour diagram for all stars in
the dataset. The slope of the reddening line can be very
clearly seen in this diagram. Reddening-free parameters
can be derived in the Walraven system by using the (V — B)
colour as a reddening index, similar to the method of the Q-
colours in the Johnson system (Lub and Pel, 1977). Figure 2
shows a reddening-free colour-colour diagram, from which
all effects of reddening are clearly removed. Any offsets of
stars from the ZAMS are now due to effects such as gravity,
unresolved duplicity, rotation, metallicity, etc.

Applications of the available calibrations to the study of
the physical parameters of the O- and B-stars in the Sco-Cen
association were made by de Geus ez al. (1989), who present
astrophysical quantities of the stars in the three subgroups.
The calibrations for later spectral types are available from
Pel and Lub (1990).

3. Selection criteria.

The stars in the photometric program were selected
from the SPECTER list proposed for observation by
HIPPARCOS. The main effort of the photometric program
was directed toward observing the associations in the
southern sky. The sample divided into two main groups :
priorities 1 and 2. The priority 1 stars are :
that are in the CSI-catalogue (Jung and Bischoff 1971), of
spectral type O or B, and inside the coordinate boundaries
of the association defined by Blaauw (1964), or b) stars that,
based on previous photometric or astrometric studies, are
established or probable members of the associations. The
CSl-catalogue is complete down to V = 10", therefore a
lot of fore - and background stars may be included. For
Sco OB2 reliable membership was determined by Blaauw
(1946) and Bertiau (1958), both using proper motion
data. Garrison (1967) added a number of A-type stars
as probable members, through a photometric study of a
small region in Upper Scorpius. For Ori OB1 membership
was determined by Warren and Hesser (1977, 1978) using
proper motion data, radial velocities and photometric
observations. Feinstein (1967) and Eggen (1981) give
probable members of the CMa OB1 association based on
photometric data. Walker (1956) determined membership
for a number of stars in Mon OB1 using spectroscopic
observations. The stars in Sct OB2 were taken from
Humphreys (1978). The stars studied in these articles are
included in our priority 1 list. In the priority 2 lists we
included stars of spectral types later than B, restricted to
wide brightness limits depending on the distance of the

association. In Table II the selection criteria for the ﬁvev

associations are listed.
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a) stars

N°2

In order to obtain accurate photometric measurements
of the priority 1 stars, they were measured at least three
times on different nights. The total number of priority 1
stars presented here is 911. Because the sample of priority
2 stars is much bigger, these stars were normally measured
only once. A total of 4349 priority 2 stars are listed.

4. Quality of the data.

Errors in photometric observations due to tracking errors
and photon noise are of no importance in this study. The in-
tegration times were seldom longer than 2 minutes, during
which time the tracking of the telescope is excellent. Effects
of photon noise can be minimized by using a sufficiently long
integration time depending on the brightness of the star. A
study by de Ruiter and Lub (1985) has shown that the 1%
accuracy level for a V; = 13m 8 star is reached after a 64 sec-
ond integration. Therefore, considering the apparent mag-
nitudes of the stars in our sample and the integration times
used, the effects of photon statistics are hardly important.

For stars that are measured twice or more (the priority 1
stars), the repeatability of the observations and the choice of
the integration times can be checked by looking at the r.m.s
error in the measurements as a function of the brightness
of the star. The r.m.s. errors for the stars in our sample are
constant as a function of magnitude, so integration times
for the fainter stars were long enough ; the same accuracy
is therefore obtained for the whole dataset. The mean of
the r.m.s. error is 0.004 in ¥ and 0.002 in the colours. We
conclude that the overall precision of the data agrees with
the independently derived internal scatter of the night-by-
night solution of the instrumental zeropoints and drifts,
as determined from regular observations of the VBLUW
standard stars.

A check was made of stars with worse r.m.s. errors. These
were normally found to be either known variables or
emission line stars. The variability normally showed up in
the intensities, but sometimes also in the colours. Objects
that show a large variation in their measured colours are
denoted by a “v” next to their catalogue number in column 2
of Tables III to XIX. It is very well possible that the estimate
of the overall precision of the data is still influenced by
undetected variability.
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TABLE L. — Properties of the passbands in the Walraven system.

\% B L U w
Aer(R) 5441 4298 3837 3623 3235
Bandwidth (&) 708 423 221 232 157
Cal. Constant —11.172 —10.910 —10.818 —10.793 ~10.673
(erg/s/cm?/A)
TABLE II. — Selection criteria.
Association Galactic Spectral Types and Magnitudes selected
Coordinates
Sco OB2-1 330°< (< 3° All O and B stars; A, F, and G stars only with mp < 1070
—19°<b<7° K and M stars only with mp < 8™0
Sco OB2-2 337° <L All O and B stars; A, F, and G stars only with mg < 1070
7 <b<32° K and M stars only with mp < 8™0
Sco OB2-3 313° < £ <337 All O and B stars; A, F, and G stars only with mp < 100
5° < b<31° K and M stars only with mp < 8™m0
Sco OB2-4 202° < < 313° All O and B stars; A, F, and G stars only with mp < 10™0
—10° <5< 16° K and M stars only with mp < 8™0
Sco OB2-5 273° < €<292° All O and B stars; A, F, and G stars only with mp < 1070
—20° <5< 5° K andM stars only with mp < 8™0
Ori OB1 197° < €< 215° All O and B stars; A stars only with mpg > 770
—26° < b < —12° F stars only with mp > 970; 1 M star: a Ori
CMa OB1 222° < ( < 244° All O and B stars;
—15° < b < —~3° later types: only stars in Eggen (1981)
Mon OB1 201° < €< 205° All O and B stars;
-3°<h<3° A stars: only with mp > 9™0
Sct OB2 20° < 0 < 26° All O and B stars;
.- <h<

Description of Tables III to XIX.

Column 1 : Internal running number of the star in the SPECTER proposal (number 141) for HIPPARCOS
Column 2 : Catalogue number.

HD : Henry-Draper Catalogue

CoD : Cordoba Durchmusterung

CPD : Cape Photographic Durchmusterung

BD : Bonner Durchmusterung

AG : Astronomische Gesellschaft Katalog

v : added to the name indicates possible variability, based on the deviations of the measurements
Column 3 : Right ascension (epoch 1950)

Column 4 : Declination (epoch 1950)

Information in columns 2 to 4 taken from the CSI catalogue (Jung and Bischoff 1971)

Column 5 : log (intensity) in the Walraven I’-band

Columns 6-9 : Walraven colours

Column 10 : Number of measurements

Column 11 : Derived V7 in the Johnson system, according to the following formula : V5 = 6m885-2.5 - (V +0.030- (V —

N°2

B))

Column 12 : Derived (B — V); in the Johnson system, according to the following formula : (B — V)y = 2.571 - (V — B)—

1020 - (V — B)?+ 0.500 - (V — B)3*— 0™010 (both formulae courtesy of Dr. J.W. Pel).
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FIGURE 1. — Plot of (B — U) vs. (V — B) for all program stars. Note the clear definition of the ZAMS, and the well-defined direction
of reddening, particularly for the O and B stars (V — B) < 0.05.
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FIGURE 2. — Plot of [B — U] vs. [B — L], two reddening-free parameters ([B — U] = (B —U)—0.61(V — B);[B— L] =(B — L)—

0.39 (V — B)). Because reddening is absent in this graph, any deviations away from the main-sequence are caused by gravity, stellar
evolution, rotation, undetected duplicity, or metallicity effects.
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