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Summary. — We outline a multifrequency program to measure the velocity field of the outer Galaxy in the Southern
Hemisphere (230° </ =<305"). This paper, the first in a series, presents a catalogue of HII regions and reflection
nebulae used as a basis for the study. Most of the entries are previously uncatalogued ; the emphasis is on small objects

likely to be very distant from the sun.
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1. Introduction.

In the past decade there has been considerable interest in
the velocity structure of the outer Galaxy. A number of
studies using HII regions have shown that the mean
rotation curve of the outer Galaxy rises out to at least
18 kpc from the Galactic Center (Jackson et al., 1979 ;
Blitz, 1979 ; Blitz et al., 1982 ; Chini and Wink, 1984).
Studies of the outer Galaxy using planetary nebulae
(Schneider and Terzian, 1983) confirm the rise determi-
ned from the HII regions. Most of the data are, however,
from Northern Hemisphere observations, and it is not
yet known to what degree the rise is truly global.
Furthermore, all outer Galaxy rotation curves are deri-
ved under the assumption of an azimuthally symmetric
velocity field, yet the HI distribution beyond the solar
circle shows a remarkable lack of bilateral symmetry.
The extent of the HI disk in the south is much larger than
in the north, while the warp is more pronounced in the
north (see e.g. Henderson ef al., 1982). This lopsided-
ness, also observed in a number of external galaxies
(Baldwin et al., 1980), may be the result of a true
asymmetry in the spatial distribution, a reflection of
velocity asymmetries, or a combination of both. To
determine the nature of the asymmetry requires an
independent measurement of the Southern Hemisphere
velocity field in the outer Galaxy which does not
presently exist.

This is the first paper in a series in which we seek to
make an independent determination of the outer Galaxy
rotation curve in the Southern Hemisphere, and to
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obtain a velocity field which can determine the nature of
the galactic HI asymmetry. The work is a comprehensive
survey of the tracers of the velocity structure of the Milky
Way in the longitude range 230° </ < 305°. We use as
tracers molecular clouds and their associated optical
nebulae for which we obtain independent distances and
velocities. In this paper, we present a catalogue of the
optical nebulae which form the basis of the present
study, since no suitable catalogue exists for our purposes.
Although most of the brighter entries have been pre-
viously catalogued, the majority of the objects here are
new. The other papers will deal with the measurement of
CO velocities (paper II) and the derivation of optically
determined distances (papers III and IV) for the objects
in the catalogue. In paper V we will discuss the results of
our kinematic analyses and their implications. First
results, based on a small part of the available data, have
been presented by Brand et al. (1985).

2. The catalogue.

2.1 OBJECT SELECTION. — A rotation curve is derived
by independently determining the distances and velocities
to a suitably chosen set of objects. The most useful
objects in this respect are HII regions and their associated
molecular material (see Blitz, 1979). Reflection nebulae
can however also be used. The nebula guides one to the
stars associated with it, the distances of which can be
determined photometrically or spectroscopically ; the
velocity is that of the molecular material, as measured by
the CO emission line. Previous studies have usually
limited themselves to HII regions taken from existing
catalogues (e.g. Sharpless, 1959 and Rodgers et al.,
1960). These catalogues are incomplete in listing small
HII regions (diameter < 10 arcmin), whereas the smaller
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regions are potentially the most distant (see e.g. Fich and
Blitz, 1984). For this project we therefore searched
preferentially for very small, nebulous regions on the
ESO/SRC and Palomar Observatory Sky Survey prints
and a new catalogue was compiled. The region of the
Galaxy selected for this study has galactic longitude [
between 230" and 305°, and galactic latitude | b | <10°.
The lower limit in longitude allows for a small overlap
with other investigations. The upper limit is the highest
longitude for which objects at large galactocentric dis-
tance are likely to be identified due to the large amount
of obscuration in the inner Galaxy. The latitude limits
are set to allow for warping and widening of the galactic
disk at large distances from the Galactic Center. In
practice, the latitude extent was increased to =+ 15° rather
than + 10° at some longitudes.

The nebula search was carried out on 76 ESO/SRC
and Palomar Observatory Sky Survey prints that cover
this section of the Galaxy ; the area covered by these
prints is shown in figure 1. At the time this search was
undertaken, R-prints (AA6300-7000 A) were not available
for each field, so for the sake of consistency the J-prints
(AA3959-5400 A) were used as the basis of the catalogue.
Where possible, images on R- (or SR-) and B-prints
(optimum 24800 A) were compared to those on the J-
prints, in order to get an impression of the colour of the
nebulosity (and thus of its nature). An attempt was made
to collect as unbiased a sample as possible, but a few of
the largest diffuse nebulous regions are not included.
Many of these are clouds lit-up by the general interstellar
radiation field rather than being excited by a (group of)
individual star(s). They are therefore not of great
importance for the present work. Only easily distinguis-
hable discrete complexes of this type were included and
then only when enhancement near a star was seen.

On the other side of the size spectrum (diameters 1 to
3 arcmin) making a distinction between possibly interes-
ting nebulous regions and planetary nebulae or galaxies
is sometimes very difficult, especially at higher latitudes.
For example, galaxies with bright nuclei seen through
foreground extinction sometimes look like small galactic
nebulae excited by a single star. A check was made
against catalogues of planetary nebulae (Perek and
Kohoutek, 1967) and galaxies (Lauberts, 1982). Positive
identifications were rejected from our list. Nevertheless,
many doubtful cases remained. Those objects which we
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are most confident are truly HII regions or reflection
nebulae and are listed in table 1. The distribution of these
objects on the sky is presented in figure 2 which shows a
clear concentration towards the galactic plane. The
distribution of the remaining objects is presented in
figure 3 which demonstrates an avoidance for the galactic
plane, which is evidence for their probable extragalactic
nature. A listing of these objects will be published at a
later date (Brand, 1986 ; in preparation).

Many of the nebulae in table I have been catalogued
by others. Our listing was cross-checked with the catalo-
gue of Dixon and Sonneborn (1980) which in itself is a
compilation of catalogues. The comparison also serves as
a test for the completeness of the catalogue. In all, only
one reflection nebula and 14 HII regions were not in our
catalogue, most of which were only marginally identifia-
ble or unidentifiable on the prints we examined.

2.2 DESCRIPTION OF THE CATALOGUE. — Table 1
contains our catalogue of nebulous regions in the section
of the Galaxy between longitudes 230° and 305° and
latitudes + 10" and contains 400 objects.

Some entries in the catalogue are divided into suben-
tries on the basis of an apparent visual association
between them on the Sky Survey prints. This could either
be a connecting luminous part, or a common obscuring
part. Obviously this is a somewhat subjective procedure
and not necessarily one with physical implications. Later
an objective selection and regrouping will be made on
the basis of kinematic and photometric data.

In table I, the first column contains a running number ;
columns 2 through 5 respectively give the galactic and
equatorial coordinates of the center of the nebula.
Column 6 lists the approximate, maximum size in
arcminutes, column 7 indicates whether any obvious
obscuration seems to be associated with the nebula, and
column 8 is reserved for remarks and previous identifica-
tions for a given nebula (and its associated stars).
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Notes to table 1. — Object identifications are by commonly used designations :

ACK

Be
BRABCMS
CED

CG

Cr

GGD
HH
HOFF
Ko

L
LBN
LDN
MIL
MRSL
Mi
OCL
Pis
PK
Rp

RCW
S

Sa

St
VBH
VDB
VHA
Wat
Wray
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Acker (1975 ; see Dixon and Son-
neborn, 1980), Acker et al. (1981)
Bernes (1977)

van den Bergh et al. (1973)
Cederblad (1946)

Zealey et al. (1983)

Collinder (see Ruprecht et al.,
1981)

Gyulbudagyan et al. (1978)
Herbig (1974)

Hoffleit (1953)

Kohoutek (1971)

Lauberts (1982)

Lynds (1965)

Lynds (1962)

Milne (1970)

Marsalkova (1973)

Miinch (1955)

Ruprecht et al. (1981)

Pismis (1959)

Perek and Kohoutek (1967)
Reipurth (1981)

Rodgers ez al. (1960)

Sharpless (1959)

Sandqvist (1977)

Stock (see Ruprecht et al., 1981)
van den Bergh and Herbst (1975)
van den Bergh (1966)

van den Bergh and Hagen (1975)
Moffat et al. (1979)

Wray (1966 ; see Dixon and Son-
neborn, 1980)

Planetary nebulae

Bright nebulosities in dust clouds
Planetary nebulae

Diffuse galactic nebulae
Cometary globules

Star clusters

Herbig-Haro type objects
Herbig-Haro objects
Dark Holes

Planetary nebulae
Various types of objects
Bright nebulae

Dark nebulae

Supernova remnants

HII regions

Emission nebulae

Open clusters

Star clusters

Planetary nebulae

Small nebulac and HH objects in
dark clouds

Ha emission regions

HII regions

Dark dust clouds

Star clusters

Reflection nebulae
Reflection nebulae

Star clusters

Study of stars in HII regions
Ha emission objects
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Galactic Emission and Reflection Regions
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FIGURE 2. — Plot of the positions on the sky for all objects listed in table I. Note the concentration of objects towards the galactic
plane.
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FIGURE 3. — Plot showing doubtful nebulous objects not included in table 1. Note the avoidance of these objects for the galactic
plane.
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