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Summary. — Extinction values and distances have been computed from UBV, MK and 3 data for more than 11 000 O to F
stars, including 7 565 O and B stars. For 1 020 stars two independent distance moduli were derived using M, (MK) as well as
M, (B). The mean value of their differences is less than 0701.

With the aid of photographs of the Milky Way 325 fields in the galactic belt | b | < 726 were demarcated in which the
extinction and the star density is rather homogeneous. The A,(r) diagrams (Fig. 6) of these fields (Fig. 5) are discussed. From
the fields with the most reliable A, (r)-relations the galactic distribution of the dust up to 3 kpc (Fig. 8) has been deriv-

ed.

Key words : Interstellar extinction — Galactic structure.

1. Introduction. — One of the main characteristics of
the interstellar extinction A, is its irregular structure. This
makes it difficult to derive a detailed map of A, as a func-
tion of position on the sphere and distance. Such a map
offers the only direct possibility to derive the spatial distri-
bution of the interstellar dust. Furthermore, for many
investigations of galactic and extragalactic objects the
value of A, in the direction to the objéct under considera-
tion is an important quantity. The easiest way to get detail-
ed information on A, as a function of the galactic coordi-
nates / and b and the distance r is an analysis of color
excesses and distances of individual stars. Several investi-
gations of this kind have been published. Frequently used
are those of Neckel (1967) and Fitzgerald (1968). Though
these studies already use data for about 5 000 stars, nume-
rous regions of the sphere still lack information on the
extinction. It is still sometimes necessary to use the anti-
quated cosecant law for an estimation of the galactic
extinction.

In the past ten years new data have become available so
that the total number of stars for which extinction and dis-
tance values can be derived has increased to more than
11 000. This enables us to achieve a considerable improve-
ment of the extinction analysis. In this paper we present
results for low galactic latitudes, | b | < 7°6. The data
for the higher latitudes will be published in a subsequent

paper.

2. The UBV, MK and 3 data. — For the determina-
tion of the distance to a star and the value of interstellar
extinction in front of it we need the following quantities :
(i) Apparent magnitude and color, for which we use pho-
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toelectrically measured UBV-data. (ii) Absolute magni-
tude and intrinsic color. These quantities can be derived in
two independent ways : First from the MK spectral type
by applying the MK-calibrations for absolute magnitudes
and intrinsic colors and second from the HB3 index using
the relation between M, and 8. In this case the intrinsic
colors may be determined from the UBV data in combina-
tion with M,(B). Also the equivalent width of the Hxy line
may be used as a measure of the luminosity. Hvy line mea-
surements are available for about 1 200 stars (e.g. Cramp-
ton et al., 1973). For 80 % of them the MK types and for
30 % the (@ indices are known. So the inclusion of the vy
values would enlarge our material not considerably. The-
refore we did not use them.

We have collected the existing, UBV, MK and  data for
stars of type O, B and A as completely as possible. If stars
of later spectral types are bright enough to have been
observed, they are usually nearby and do not show an
appreciable amount of extinction. Therefore we have not
completely included F stars into our data collection. In
addition we have adopted the distances and extinction
values for Cepheids and galactic clusters compiled in the
catalogue of extinction values by Neckel (1967). The pho-
toelectric catalogues from Blanco et al. (1970) and Mer-
milliod (1976), which were obtained on magnetic tape
from the Centre de Données Stellaires in Strasbourg were
very useful for compiling the data.

Since this collection of data, especially the data for the
O and B stars, should be valuable for other problems, we
have included O and B stars even if the data necessary for
the determination of extinction and distance was incom-
plete. It should also be clear which stars need further
observations.

The coordinates of about 50 % of the collected stars
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were taken from the Catalogue of Stellar Identification
(CSI), or from the SAO catalogue. The coordinates of the
remaining stars are from the sources listed in table I.

The origin of the MK types, the UBV data and the 3
values is tabulated in table I. The number of stars in 5°
intervals of galactic longitude / as a function of / is shown
in figure 1 for all stars as well as for those with galactic
latitudes | b | < 7.°6. Figure 2 shows the frequencydis-
tribution of the ¥ magnitudes. In column 1 of table II the
numbers of stars for different spectral types are given.
(For stars with no MK-types, spectral types were derived
from photometric data.) The following columns give the
number of stars with known MK spectral types, 8 indices
and UBV data respectively.

Altogether our catalogue includes 11 072 objects,
among them 7 565 O and B stars. In the near future the
catalogue can be ordered from the Centre de Données Stel-
laires, in Strasbourg.

3. Absolute magnitudes. — For many studies dealing
with galactic structure the absolute magnitudes M, are the
most problematic quantities. For a single early type star it
is impossible to reach an accuracy better than about 0™5.
This is true, if M, results either from the MK type or from
the 8 index. Of course, the mean value of both methods
has the best accuracy.

In order to avoid systematic deviations between the M,
resulting from both methods, we have used the M, (MK)
to calibrate the 3 index in terms of absolute magnitudes.
The underlying calibration of MK types in terms of M, is
that of Schmidt-Kaler (1965). By means of 419 stars from
the catalogue of 1660 southern OB stars (Klare and
Szeidl, 1966) without indications of emission, whose
B-indices were measured by Klare and Neckel (1976) and
whose MK types are known from the literature, we have
derived a M,(B) calibration curve, which was already
published in an earlier paper (Neckel and Klare, 1976). In
the meantime the number of known MK types for the sou-
thern OB stars has been increased by new MK types for
1 090 objects by Garrison et al. (1977). We therefore could
omit the less accurate MK types from the Michigan catalo-
gue (Houk et al., 1975), which were part of our data for
our first calibration. For this reason we have repeated the
M,(B) calibration.

After rejecting stars with possible emission in HB3, with
« n » characteristics or with uncertain MK types, 630 stars
remained. Their M,(MK) and (8 values were used for a
least squares fit to the equation

M,MK) = M,@) + kDy_p . M

We approximate M, () by straight line segments through
10 points. Dy, p is the vertical distance of a star in the
U-B/B-V two-color-diagram from the reddening path
according to its MK type. (For more details see Neckel and
Klare, 1976.) Errors in the spectral type cause a Dy.g # 0
which is correlated with the corresponding error in M,.
The term kD¢, g therefore partly corrects errors in the MK
classification. From the least squares fit we find
k = — 4.90 + 0.57, very similar to the value from our
earlier calibration (—5.03 +0.70). Figure 3 shows the solu-
tion for M,(B) together with the individual M,(MK) cor-
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rected by the term — kDy.p. The final calibration curve,
which is tabulated in table III together with the data from
our 1976-calibration, results from the smoothed straight
line segments.

As we have shown, the correction term kD improves
the absolute magnitudes derived from the MK types.
Therefore we have applied this term to all M,(MK), except
for known as well as for suspected emission stars. Often
they have an ultraviolet excess and therefore their Dy p-is
not caused by a classification error. All stars with
Dyp < — 0.1 are regarded as possible emission stars,
because it is likely that such a high Dy g is caused by emis-
sion rather than by a classification error.

Undoubtedly all existing MK calibrations are not free of -
errors which may reach some tenth of a magnitude. Espe-
cially the absolute magnitudes of the O type supergiants as
well as those of B0-B2 main-sequence stars are certainly
questionable (see for example FitzGerald ef al., 1979). The
classification for the O and early B stars was improved by
Conti and Alschuler (1971) and Walborn (1972) using
finer spectral criteria. Some hundred stars were reclassi-
fied by them and a M,(MK) calibration appropriate to
their classification system was .derived (Crampton and
Georgelin, 1975). Because we have only MK types in the
original system for the most O and early B stars in our
material we decided to use throughout the original typeés in
order to avoid inhomogeneities.

4. Extinction values and distances. — The visual
extinction A, can be derived from

y=R{B-V)=(B—-V)}. @

For R we take the value 3.1.
The intrinsic color (B-V), follows directly from the
MK calibration, if the MK type is known. In addition,

(B-V), can also be derived from the UBV and (3 data.
The distance moduli are then given by

V—M,—A,=5lgr—5. 3)
If we could derive A, and r by both methods, we could
use the mean values of extinction and distance moduli.

This was possible for 1 020 stars. Figure 4 shows' the
frequency distribution of the differences

D = (V — M(MK) — 4(UBV, MK)) —
— (V= M/(B) — A(UBV, B)). (4

Obviously, this is nearly symmetric to D = 0700. If
we exclude only the 38 stars with | D | > 2700, we get
a mean difference between the two independent distance
moduli of 982 stars of D = — 0m006. This demonstra-
tes impressively that there are no systematic differences
between the distances derived from M,(MK) and M;(G).

The rms of D amounts to 0m65. If 4yx and 45 are the
mean errors of the two distance moduli, we get

0765 = /A2x + 43 . %)

To this number contribute : i) The cosmic scatter in the
M,(MK) relation and the uncertainties of the MK types,
which cause an error AM,(MK) = Apk. For AM,(MK)
usually 0750 is assumed. ii) The cosmic scatter in the
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M,(B) relation and the errors of the 38 measurements
(which amount in the mean to about 0008 resulting to
an error of M, (8) ~ 030, see table III). From equa-
tion (5) it follows with AM,(MK) = 050 a total error
AM,(B) = 0™42 indicating only a small contribution of
the cosmic scatter of the AM,(B3) relation to the observed
scatter 0M65. Of course, the small difference between
AM,(MK) and AM,(B) is not significant.

Assuming dyx = 4g = 4, we find 4"= 0746. Finally
the error of the mean value of the two distance moduli,

m — M) = 0.5{[V — M(MK) — A(UBV, MK)] +
+ [V — M/(p) — A(UBV, p)]}

turns out to be

%ﬁA=O“.‘33.

The error in the distances is roughly 25 %, if only one
determination of M, is available, and 16 %, if both M,
are known. Compared to this relatively large error the
uncertainties of the derived A, are negligible. We expect
them to be in the range from 0™1 to 0™2.

6. The method of the extinction analysis. — A dust
cloud is recognizable by the fact that the extinction A, is
higher behind the cloud than in front of it. So the most
natural method of analysing extinction data is to look
for the variation of A, with increasing distance in dis-
tinct areas of the sky. In doing this it must be taken into
account that our data become increasingly incomplete
with increasing extinction because stars with higher A,
values are usually faint and therefore poorly observed.
In a field with a strong variation of extinction at a dis-
tinct distance, those parts with the highest obscuration
are usually the least observed. This selection effect pro-
duces systematically too small A, mean values. The
error due to this selection effect is negligible only in
fields with a small scatter of the A4, values. Quantitati-
vely this is shown by Neckel (1966). From these conside-
rations follows the necessity to use small fields with a
scatter of A, as low as possible.

Photographs of the Milky Way demonstrate the extre-
mely inhomogeneous distribution of the dark matter in
some regions. Often, the extinction varies rapidly within
a few minutes of arc. In order to derive A,(r) up to dis-
tances of a few kpc in all areas of the Milky Way with
sizes of some minutes of arc, data for many more stars
than we have collected would be necessary. For this rea-
son we used photographs of the Milky Way for additio-
nal information on extinction (for the northern sky, the
POSS, and for the southern sky, the Wiirzburg atlas of
the Southern Milky Way, Haffner et al., 1969). We
expect that in areas of uniform star density the extinc-
tion is also more or less homogeneously distributed up
to some kpc distance. In such cases the A, and r of a
limited number of stars are regarded as samples repre-
sentative of the mean A,(r) in the whole field consider-
ed. To enable a suitable comparison of the star data
and the photographs, all stars in the galactic belt
| b | < 7°6 have been mapped and for each star A,
and r (in kpc) are noted. A galactic as well as an equa-
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torial grid is overlayed on this map, a small part of
which is shown in figure 7.

In the galactic belt | b | < 796 we have chosen 325
fields in which to investigate the relationship between A,
and r. The boundaries of these fields are chosen such
that within each field the star density is uniform to some
extent and the extinction values show no significant
variation over the field. This requirdment often causes
irregular boundaries of the fields. The most striking
advantage of this method is the small resulting scatter in
the A,(r) diagrams of most fields, so avoiding largely
the influence of the selection effect.

If the number of stars with known A4, and r are too
small or if the dust distribution is too chaotic, it is
impossible to find fields small enough to represent the
real behaviour of the extinction. In such a case the scat-
ter in the A,(r) diagram is high an it can serve only as a
rough information.

Figure 5 shows the map of our fields and figure 6 a to
o, their A,(r) diagrams. Each field is designated by a
running number as well as by the galactic coordinates
I/b of a point near its center. Some parts of the galactic
belt | b | < 7°6 are not covered because of insufficient
data. These are sometimes the regions with the high-
est dust concentrations in the Milky Way.

In deriving mean A, values for each field, we did not
approximate A4,(r) by analytical functions to derive its
parameters by a least squares fit because the irregular
behaviour of the extinction cannot be described by a
simple analytical function in most cases.

For example, we consider the A,(r) diagram of field 1.
A map of this field is given in figure 7. Obviously A4,
increases from 0 to about 1 kpc and remains constant at
least up to 4 kpc. The scatter in the first kpc is mainly
caused by errors in the absolute magnitudes respectively
in the distance moduli. For the construction of
Ay (r) we use mean values A, and r (r was computed
from the mean values of the distance moduli) for
groups of stars suitably chosen, in the case of
field 1 for the stars within the A, intervals 0700...0m40,
0740...1m00, 1700...1m50. The stars with A4, > 1750
and r < 4 kpc do not show any variation of A,
with distance. Therefore, A,(r) is equal to A, for the
stars in the range between the upper limit of the extinc-
tion rise and 4 kpc. In field 1 it is difficult to locate the
limit of the extinction rise. However, the A,(r) diagrams
of neighbouring fields 4, 9, 13, 14, 15, 18, 19 convin-
cingly show that A, increases only within 0 < r < 1 kpc
in this region of the sky. The same should be true also
for field 1. Conclusions of this kind were drawn in
many cases in constructing A,(r). The A, (r) are shown
as solid lines in figure 6 if the information only comes
from data within the field considered and by dashed
lines if information from neighbouring fields was used
or if we did not have enough data for reliable mean
values.

A strange feature of the A,(r) diagram for field 1 is
worth mentioning : there are 3 stars at r > 4 kpc but
with A, values smaller than those in the interval
1 kpc < r < 4 kpc. It seems unlikely that only the most
distant stars are located in directions with unusually low
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A,. Figure 7 shows these 3 stars are not located near
each other, which would indicate a part of this field has
systematically lower extinction. Most probably this
reflects errors of the MK types of these stars. Two of
them are classified as Ib supergiants and the third as a
luminosity class II giant. If they are in reality main-
sequence stars, their 4, would be up to 025 higher and
their distances appreciably smaller. These changes would
bring the 3 stars in among the others.

Sometimes single stars have A4, values much higher
than all other nearby stars. Mostly these stars are excit-
ing stars of HII regions with internal dust. Such cases
are marked with the name of the associated HII region.

6. The galactic distribution of the dust. — Figure 8
shows the extinction up to a distance of 1 kpc. If the A,
(1 kpc) for neighbouring fields are within the same
A,-interval of figure 8, they are not recognizable as sin-
gle fields. Several dark clouds are outlined in figure 8,
for example at / = 302° the well known coal sack. Bet-
ween / = 210° and / = 250° the extinction is at lowest,
whereas we find the highest A, at galactic longitudes
350°...0°...150°.

From the most reliable A,(r) relations, the map of the
galactic dust distribution up to 3 kpc, shown in figure
9a, has been constructed. It shows big complexes of dust
extending up to 1 kpc. The areas between them are
often nearly dust free. In the following we refer to the
designations given in figure 9b. In table IVa the num-
bers of those fields are listed, whose A,(r) contribute to
the localization of the dust complexes.

In contrast to the farther dust complexes the distances
and details of those with 7 < 1 kpc should be reliable to

a high degree, because data from many fields contribut-.

ed to their construction. The fact that the regions be-
tween them are essentially really free of dust is illustra-
ted by many A,(r) diagrams (see table IVb). At distances
r > 1 kpc we have probably not detected all existing
clouds. The lowest level in figure 9a (@, < 1™0/kpc) was
chosen at position, /, r, if there is at least one field at
the galactic longitude / with a, < 1™0/kpc at the dis-
tance r and no other field with a higher @,. This does
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not exclude the possibility that additional data could
reveal other complexes of dust for fields at the same /
but with different latitudes » where we do not have
enough information at present.

A striking feature of figure 9a is the fact that for
r < 1 kpc the clouds are larger than for r > 1 kpc. This
is most probably caused by the higher density of infor-
mation at smaller distances. The dust complexes H, I, J,
N, O, P, Q, R are quite likely connected with each other
and form in reality one or two larger complexes as do A
and B in the solar neighbourhood.

Comparing figures 8 and 9 with the corresponding
figures of Neckel (1966), we see that because of the
wider data base used in this work new features at great-
er distances have appeared and nearby features are bet-
ter resolved.

In regions of star formation very high extinction
values, up to > 10™, are commonly observed. An exam-
ple is the strong concentration of dust at / = 80°, ‘asso-
ciated with the Cyg OB II association. Here we find
dust concentrations in the range 6...11™/kpc. Cloud H
in figure 8 is probably part of the dust and molecular
cloud associated with the HII region M17. Cloud H can
be detected in the fields 241(11/ — 1), 245(13/ — 3) and
252(18/0), which are near to field 246(16/ — 1) in which
M17 itself is situated. Usually, however, the apparent
magnitudes of such highly obscured stars are too faint
to be included in our work. Therefore the dense clouds
associated with the most prominent regions of star for-
mation can only occasionally be recognized in our data.
For this reason it is not surprising that the dust clouds
shown in figure 8 do not exhibit a clear correlation with
the known spiral features in the solar neighbourhood.
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TABLE I. — References for MK, UBV and (3 data.

Reference
Blanco et al. (1970)
Feast et al. (1960)

Hoffleit (1956)
Cousins et al. (1963)
Bigay et al. (1972)
Crampton (1971)
Georgelin et al. (1973)
Mermilliod (1976)
Deutschman et al. (1976)
Goy (1973)

Beer (1961)
Whiteoak (1962)
Johnson et al. (1963)
Hill et al. (1977)
Garrison et al. (1977)
Havlen (1978)
Neckel (1967)
Strom et al. (1975)
Hiltner et al. (1956)
Smith (1956)
Morgan et al. (1955)
Buscombe (1977)
Klare et al. (1977)

Neckel (1979)

TABLE III. — The new M(B) calibration compared with

MK

5501

14

22
27
29
697
344
49

10

75

1090

UBV

6142
17
14

4
20
22
31

797

1612
13
11

10

80

1659
86

our previous calibration (1976).

B

M., @)

(new)

-7.03
-6.52
-6.05
-5.70
-5.42
-5.18
-4.95
-4.66
-4.12
-3.61
-3.20
-2.80
-2.47
-2.23
-2.08
-1.9

-1.7

M, @)

(1976)

-7.30
-6.72
-6.28
-5.92
-5.56
-5.22
-5.00
-4.65

-4.25

=-3.75
-3.22
-2.77
-2.45
-2.23
-2.08
-1.9

-1.7

B

1538

10

1659
82

N° 2

TABLE II. — Total numbers of stars in different spectral
type intervals and numbers of stars with known MK-types,
B-indices and UBYV data.

Type

[¢]

BO..

B1

B3.

B7..

A

F

5..

.B1

.B9.

.5...B3
.B6.5
5

gal. Clusters

5 Cep-stars

Total MK @ UBV

767 617 242 730
1800 1460 670 1761
2219 1576 851 2172
1172 634 553 1141
1607 1090 663 1475
1666 1666 66 1451
1224 1224 6 1189
129

204

TABLE IVa. — Numbers of fields which contribute
to the localization of dust clouds A...X (Fig. 9).

@ =M W O 0

-

o

K
L
M
N
[¢]
P
Q
R
S
T
i)
A\
W
X

35
260

1
40

51
65
86
94

136
190
211

241
209
178
157
123
144
173
166
157
148
133
99

68

40

25

310
273

139
266

4 14
47 4

52
68
89
99

159
192
215

245
215

124

175

69
42

26

147 150 155 176 209 210 211 245
272 279 284 290 291 295
15 18 20 23 24 25 27 28 29 33

8

53 60

71 76

91 98

1i00 103 105 107 108 110 111 113 118
160 167 173 176 179 180 181 184 187
193 194 201 202 203 204 205 209 210
222 223 224 231
252
126 127
314

TABLE IVb. — Numbers of fields, whose A,(r)-diagrams
show regions nearly free of dust.

Region between A and B:

Region in front of D:

Region in front of F:

285,286, 288, 289, 290, 291,
293, 295

86, 88, 89, 91, 94

98, 99, 104, 107, 108, 109, 110,
111, 113, 118
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FIGURE 5.

— Map of the 325 fields, whose A4, (r)-diagrams are shown in figure 6.
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FIGURE 6. — A, (r)-diagrams of the 325 fields shown in figure §.
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FIGURE 7. — Map of field 1. Dots denote O-F stars, upright crosses galactic clusters and diagonal crosses 6 Cephei stars.
The numbers give the extinction 4, in magnitudes and the distance in kpc.
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FIGURE 9b. — Notation of the dust clouds outlined in figure 9a.
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