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Abstract. Magnier et al. (1993) recently identified 174 OB as-
sociations in M 31 using the PLC method (Battinelli 1991) with
the Magnier et al. (1992) catalogue. The objectivity of the PLC
method combined with the depth and accuracy of the Mag-
nier et al. BVRI CCD data make these identifications suitable
for photometric studies. We have studied the following prop-
erties of the 11 richest associations, 9 groups of associations,
the eastern and western arms of M 31, and the entire sample of
associations: the extinction Eg_y, the slope of the differential
luminosity function (dLF) in B and V, and the slope of the ini-
tial mass function (IMF). The data are not of sufficient quality
to determine the ages of associations more accurately than to
show that they are younger than a few 107 years old.

The extinction ranges between 0.20 and 0.41 magnitudes
(£0.05 mag); the western arm is significantly more reddened
than the eastern arm. We have also found evidence of a differ-
ence between the young stellar populations of the eastern and
western arms. The difference is most pronounced in the slopes
of the B band dLF of the two arms (east: 0.46 + 0.02, west:
0.79 + 0.04, A: 0.33 4 0.045). There is also a marginal differ-
ence seen in both the slope of the V' band dLF (east: 0.48 £0.04,
west: 0.64 £ 0.05, A: 0.16 + 0.064) and the slope of the IMF
(east: —2.09 + 0.30, west: —3.02 +0.33, A: 0.93 £ 0.45). The
combined weight of these three pieces of evidence suggests a
real difference between the stellar populations of the two arms.
It is possible that the difference is not physical, but an observa-
tional effect due to, e.g., the different reddening, varying pho-
tometric scatter between the two arms or different resolution of
the images.
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1. Introduction

OB associations are collections of recently formed stars inside
a volume ~10° pc3, which can be distinguished from the back-
ground of field stars by the clustering of the bright, young O and
B stars. The concentration is in general too low for them to be
gravitationally bound systems. This fact, together with the fast
evolution of massive stars, makes OB associations short-lived
transient objects, which are therefore observed close to their
birthplaces. For this reason, OB associations are natural tracers
of star-forming regions, and they provide information about the
formation and evolution of massive stars.

From only the spatial distribution and sizes of OB asso-
ciations, one can draw an approximate map of star-forming
regions, and determine the scales on which star formation is
taking place. The stellar content of individual Milky Way asso-
ciations, has been studied extensively (see Garmany 1991 and
references therein). There are inherent difficulties in studying
OB associations in our Galaxy — the poorly known distances
and the high level of extinction in the Galactic plane — which
make the study of OB associations in other galaxies appealing.
By examining the stellar content of individual OB associations
in other galaxies one can compare some fundamental properties
of star formation between galaxies.

In this paper, we study the following properties of the OB as-
sociations identified by Magnier et al. (1993 — hereafter MB93)
in M 31, the Andromeda Galaxy (see Fig. 1): 1) the color-
magnitude diagrams, 2) the extinction, 3) the luminosity func-
tion, and 4) the initial mass function. We have only been able to
determine these properties for the 11 largest and richest associa-
tions. In order to improve the statistics, we have also studied the
same properties for groups of the associations. We have defined
9 groups of association, which are also shown as large circles
in Fig. 1. We also determine the above properties for the entire
eastern and western spiral arms of M 31 (labeled in Fig. 1).
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The data used for this study consist of photometric BVRI CCD
observations of the disk regions of M 31 performed at the 1.3m
McGraw-Hill telescope of the Michigan — Dartmouth — MIT
(MDM) observatory during the autumns-of 1990 and 1991. The
observations and analysis of the 1990 data are described in detail
by Magnier et al. (1992); the incorporation of data taken in
1991 and a description of the final catalogue are presented by
Haiman et al. (1993). MB93 used a subset of stars from this
dataset with the B and V' magnitudes of O and B stars in M 31
and an objective criterion, the Path Linkage Criterion (PLC) of
Battinelli (1991) to identify associations. They identified 174
OB associations, which are listed in their Table 1.

Previous studies which have identified OB associations in
M 31 have had two major problems. First, the identifications
were done through visual inspection of photographic plates
(Efremov et al. 1987 — hereafter EIN; van den Bergh 1964 —
hereafter vdB). Differences between the resolution and depth
of the plates has led to disagreements among the various studies
(see Hodge 1987). Also, the visual selection of the blue stars in
these studies made the spectral classification rather subjective.

The second problem is the subjectivity of the definition of
the individual associations. The older studies (EIN and vdB)
used a visual inspection to identify the outlines of the associa-

on the different resolution of the plates used. Partly due to the
use of lower resolution plates, vdB identified as “associations”
significantly larger (factor of ~6) structures than those identi-
fied by EIN. There is also disagreement in the definition of the
name “association”. The term “complex” was used by EIN to
describe essentially the same structures as those identified by
vdB as “associations”, while EIN used the term “association”
to describe the more compact clumps of bright stars. For a fur-
ther discussion of these problems, see MB93 and the footnote
in Hodge (1987). MB93 avoided these problems by using the
objective PLC method with a sample of stars chosen rigorously
by their CCD photometry.

In this study, we have used all stars in the photometric cat-
alogue (Magnier et al. 1992; Haiman et al. 1993) to measure
properties of the OB associations. In order to select from the
catalogue those stars which are in the associations, but which
were not used to identify the associations (i.e., those stars which
did not satisfy the B and V criteria), we drew the convex con-
tour of each association and accepted all stars which fell within
the contour. In this way, the boundary of each association was
determined by the OB stars in the MB93 subset, but its stel-
lar content was then taken from the complete catalogue. This
method has the advantages that (1) it is fully objective, and (2)
it preserves the shape of the associations.
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The total number of stars in the 174 associations is 3477. A
map of the spatial distribution and outlines of the associations is
shown in Fig. 1. On this map, we marked the positions of the 11
largest associations, each of which contains more than 50 stars.
The numbers next to these associations are the identification
numbers assigned by MB93. Table 1 in MB93 gives a listing
of the position, size and number of stars for each of the 174
associations. The largest association in this table, OB 013, is
the most well-known association in M 31, the giant star-forming
region also known as NGC 206, and also called OB 78 by Van
den Bergh (1964).

3. Color-magnitude diagrams

Figures 2 — 6 present V, B — V color-magnitude diagrams
(CMDs) for each of the 11 richest associations and the nine
groups of associations. In these plots, the solid line represents
the main sequence (MS), corrected for the distance of M 31
(690 kpc —e.g., Welch et al. 1986) and the extinction measured
below (Sect. 4). The MS was determined from the evolutionary
tracks of Schaller et al. (1992 — hereafter SSM92), and con-
verted from My, vs. Tesr into absolute V', B — V' values using
the equations in Massey et al. (1989a). This is further described
below (Sect. 6). In Fig. 7 we present the expected number of
foreground stars in several portions of the CMD of OB 013.
The numbers were obtained using the model of the Milky Way
by Ratnatunga & Bahcall (1985), and shows rough agreement
with estimates from our own data. The region with B—V > 0.8

and V' > 21 is empty due to the incompleteness. It is clear from
this figure that most of the detected stars are expected to be stars
inM 31.

The overall morphology of these CMDs is similar in gen-
eral to the morphology of previously published CMDs of M 31
associations (e.g. Hubble 1929; van den Bergh 1966; Ivanov
& Kynchev 1985; Massey et al. 1986; Odewahn 1987; Hodge
& Lee 1988; Berkhuijsen & Humphreys 1989; Cananzi 1992).
There are some important points to be made about these CMDs.
First, the main sequence is not well defined in these plots. Many
recent CMDs of OB associations in the Magellanic Clouds (see,
e.g., Parker et al. 1992; Massey et al. 1989a, 1989b) show well-
defined main sequences, with widths of typically 0.1 mag. There
are three possible explanations for the width of the MS in Figs. 2
— 6. First, the finite resolution of the images may cause blend-
ing of neighboring stellar images, resulting in inaccurate col-
ors. Blended star images have been recognized as a problem
in determining CMDs in the past for Magellanic Cloud asso-
ciations (e.g., Freedman 1983). Second, differential reddening
within the association may cause a widening of the MS. CMDs
of certain, dusty associations in the Magellanic Clouds show
widened MSs, even with high-resolution observations (private
communication, Parker). Finally, associations with a range of
stellar ages, or overlapping associations of different ages may
also lead to a widening of the MS. Various combinations of
these three effects are probably responsible for the morphology
of the CMDs in Figs. 2 — 6. These effects limit the accuracy of
our determinations of the various properties of the associations.
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Fig. 3. Observed V, B — V CMDs of OB 078,
OB 092, OB 118, and OB 129. Comments are
as in Fig 2

Fig. 4. Observed V, B — V CMDs of OB 136,
OB 142, OB 155, and group 1. Comments are
as in Fig 2
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Fig. 5. Observed V, B — V CMDs of groups 2,

3,4, and 5. Comments are as in Fig 2

Fig. 6. Observed V, B — V CMDs of groups 6,

7, 8, and 9. Comments are as in Fig 2
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Table 1. Extinctions, dLF slopes (aB, av), IMF slopes (armF), and number of stars for the 11 richest associations and the 9 groups

Z. Haiman et al.: Properties of M 31 OB associations

Assoc. Es_y Ek_y aimr 0o N | Region E:i y o o & ov amur oo N
OB 013 0.25 0.23 -1.79 0.16 417 | Easternarm  0.29 046 0.02 048 0.04 -2.09 0.30 1770
OB 032 0.30 0.28 60 Group 1 0.32 0.44 0.04 0.44 0.08 -2.65 036 237
OB 034 0.30 0.27 60 Group 2 0.28 040 0.07 050 0.07 -2.20 0.09 319
OB 045 0.35 0.35 86 Group 3 0.21 0.54 0.06 052 0.09 -1.74 0.16 597
OB 078 0.25 0.24 51 Group 4 0.22 0.33 0.06 0.35 0.08 -2.28 028 184
0OB092 0.20 0.20 -1.56 021 433 | Group5 0.29 0.43 0.04 043 0.04 -251 0.19 160
OB 118 0.25 0.24 -1.68 022 131 | Group6 0.31 046 0.05 0.54 0.11 -1.86 0.18 273
OB 129 0.30 0.35 67 Western arm  0.41 0.79 0.04 0.64 0.05 -3.02 033 273
OB 136 0.25 0.32 95 Group 7 0.41 0.63 0.05 0.54 0.03 -2.64 0.16 154
OB 142 0.30 0.29 -1.95 021 100 | Group 8 0.40 0.69 0.06 0.58 0.19 -2.10 030 58
OB 155 0.40 0.41 62 Group 9 0.37 0.59 0.16 0.66 0.26 -221 035 61

! Value from subjective method. (error ~0.10)
2 Value from objective method. (error ~0.05)
3 determined for B — V < 0.4
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Fig. 7. Foreground contamination in the CMD of OB 013. The plot
shows the observed V and B — V values for OB 013. The number
in each box is the expected number of foreground stars calculated
from Ratnatunga & Bahcall (1985). The lack of stars within the region
V >21and B — V > 0.8 is due to incompleteness

4. Extinction

We have determined the average extinction for the 11 rich-
est associations, the 9 association groups, and the eastern and
western spiral arms (Table 1). There are several possible ways
of determining the extinction of an association using broad-
band data, and we experimented with three methods. First, we
attempted to employ theoretical isochrones in various color-

color diagrams (i.e., B—V,V —Ior B—V,V — R), but we
found that the data were not sufficiently accurate to determine
either the extinction or the extinction law (as parametrized by
Ry = Ay /Ep_v). This is partly because in the only color-
color diagrams we could construct, the reddening line and the
locus of main-sequence stars are nearly parallel, with the result
that there is too much degeneracy to accurately constrain Eg_y
or Ry (see Fig. 8A).

We therefore adopted Ry = 3.1, which is both the Galactic
value and consistent with the current best estimate for M 31
(Walterbos & Kennicutt 1988). The two methods we used to
determine the extinction involved “fitting” the main sequence
(MS) to the observed V, B — V' CMDs. Figures 8B and 8C
demonstrate these two methods. Figure 8B shows the CMD for
OB 013. The four tilted lines are the expected location of the
MS for Eg_y = 0.0, 0.1, 0.2, and 0.3, using the adopted value
of Ry . By shifting the theoretical MS in the direction (1, 3.1)
on the CMD, we can determine the reddening by finding the
value of Ep_y which provides the best “fit” to the MS. For
this purpose, the theoretical MS was obtained by joining the
starting points of the evolutionary tracks of SSM92, which is
further described below (Sect. 6). As expected, the accuracy of
this method depends on how well the MS is “defined” on the
CMD of each association.

Itis possible to determine Eg_y from the CMDs by eye. We
used plots similar to Fig. 8B with several intermediate Eg_y
values, and with various scales for the axes, to find estimates for
FEp_y for each of the 11 richest associations (see Table 1). We
call this the “subjective” determination of Eg_y . For OB 013,
we concluded that Ep_y is ~0.25, with an uncertainty of ~0.1
mag, which is a typical error for this method. For the less rich
associations, determining Ep_y in this way is more difficult.

To introduce a less subjective determination of Eg_y/, and
to double-check the values determined by eye, we adopted the
following simple method to determine Ep_y. Starting with

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System
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OB 013 using the CMD

Epg_v = 0.0, we drew the MS, and counted the number of
stars redward and blueward of the MS. We performed the same
counting for several positions of the MS, corresponding to the
range 0.0 < Ep_y < 1.0. Finally, we plotted the number of
stars to the right of the MS as a function of Eg_y . Figure 8C
shows the results for OB 013. We determined E'p_y as the
intersection of a horizontal line representing the number of stars
when all the stars are to the right of the MS (for low Ep_v)
and a line-fit in the region of Ep_y where stars start to fall
to the left of the main sequence. We call this the “objective”
determination of Eg_y . With this method, Eg_y was found
to be 0.23 = 0.02 in OB 013, in very good agreement with the
subjectively determined value, and also with the value of 0.27 +
0.03 found by Odewahn (1987). Table 1 shows the extinction
of the 11 richest associations as determined by both objective
and subjective methods. The anomalously high extinction in
OB 155, Eg_y~0.41 is also confirmed by both methods.

One might suspect that these methods will result in system-
atically higher Ep_y values for associations with fewer stars.
To account for this possibility, we determined the extinction for
the 9 groups of associations and the eastern and western spiral
arms (see Fig. 1). It is clear that the extinction of the western
arm is significantly higher than that of the eastern arm, and this
does not appear to be due to the different total number of stars.
It has been noted previously (e.g., Hodge & Kennicutt 1982)
that the western dust lane is deeper and more pronounced than
the eastern one. It has been suggested that this difference is due
to the inclination of M 31: the eastern arm is on the far side of
the bulge, and is muted by the contaminating presence of bulge
stars. However, our result suggests a real difference since the
bulge stars should not significantly affect our measurement of
the association Ep_y .

It is interesting to note that there are about half as many
OB associations along the western spiral arm as along the east-

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System
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Foreground contamination would flatten the slopes above Ep_v ~0.4
(dotted line)

ern arm. In principle, higher extinction within the western arm
could be responsible for this imbalance. However, this seems
unlikely since the sample of stars used by MB93 to identify the
associations included stars which were reddened by Eg_y up
to 1.0 mag. Walterbos & Kennicutt (1988) also noted this dif-
ference in the number of associations and concluded from the
uniformity of “reddening-free” images that the difference was
not due to dust obscuration. Other than the difference between
the spiral arms, we detected no systematic variation of Ep_y .
The extinction seems to vary randomly from one association to
the other, and from group to group.

5. The differential luminosity function

The differential luminosity function ¢(M) (dLF) expresses the
number of stars per unit magnitude interval, as a function of the
absolute magnitude. The total number of stars N (M) with abso-
lute magnitude between M and M +dM is given by ¢(M)dM.
An approximation of the dLF can be obtained from photometric
dataas ®(M)~N(M, M + AM)/AM, where the binsize AM
is finite (~ 0.7 mag in our case).

The dLF is an important quantity because differences in stel-
lar populations should be reflected in the dLF. The dLF is often
assumed to be a yower law function, in which case the “slope of
the dLF” o = i%%ﬂ@ is a constant. An interesting question
is whether this constant varies locally on small scales, but has
a universal value when averaged over sufficiently large scales.
For instance, Berkhuijsen (1983) determined the dLF for several
associations in M33, and claimed variations of about a factor of
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2 in the slopes, yet Freedman (1985) claimed the dLF slope did
not vary significantly from galaxy to galaxy. In constructing the
dLFs directly from the B and V data, two caveats are the small
number of stars in individual associations, and contamination
by non-member stars, either in the foreground or evolved stars
inM 31.

‘We account for the small number of stars in the associations
by using the groups of associations described above (Sect. 1).
Figure 7 suggests that the foreground contamination is a negli-
gible problem. To double-check this, we examined the slope of
the combined dLF of all associations in M 31 for different val-
ues of a B — V criterion; that is, we only include stars which are
bluer than a given color cutoff. If foreground contamination had
asignificant effect, it would show up as a systematic flattening of
the dLF for redder values of the cutoff. Figure 9 shows the slope
of the dLF in B and V as a function of the cutoff. Below, we
discuss the method used to determine the slope. In these plots,
stars from all of the associations were included to determine the
dLE The slopes do not vary systematically for higher values of
the cutoff. The systematic flattening of the slope for low values
of the cutoff is due to the fact that the sample becomes too small
(Freedman 1985). We conclude that the contamination by fore-
ground stars is small enough to be considered negligible. We do
not attempt to remove evolved non-association members using
a stricter B — V' cutoff, as has been done by other authors (e.g.,
Freedman 1985; Berkhuijsen & Humphreys 1989). We make
this choice for two reasons: 1) our samples are chosen in rel-
atively compact regions surrounding the OB associations; thus
the bulk of the general M 31 disk stars should be excluded. 2)
Evidence from recent CMDs of LMC associations suggests that
the width of the MS (see Figs. 3 — 6) is not due to evolved stars
but instead to the effects of blending and differential reddening
(see below). Without the a priori knowledge that the stars on the
right side of the MS are evolved, we choose to included them in
our samples. The fact that our results are consistent with those
of Berkhuijsen & Humphreys (1989, see below) lends support
to these arguments.

Table 1 lists the measured slopes of the B and V' dLFs for the
nine groups and the eastern and western spiral arms. Figures 10
and 11 show the differential luminosity functions determined
for the nine groups, while Fig. 12 shows the B and V dLFs for
the eastern and western spiral arms. These figures also show
the linear fits to the dLFs, excluding those bins which are in-
complete. Complete bins (16.5 < B < 21; 16.5 < V < 20)
are represented by filled circles, while the incomplete bins by
open circles. We note that the B dLF is significantly steeper
for the western arm than for the eastern arm (east: 0.46 4= 0.02,
west: 0.79 £ 0.04, A: 0.33 & 0.045). There is also a marginal
difference seen in the slope of the V' dLF (east: 0.48 + 0.04,
west: 0.64 £ 0.05, A: 0.16 £ 0.064). This difference confirms
the difference noted by Berkhuijsen & Humphreys (1989) for
the dLFs measured for their entire sample of stars for both arms.

For comparison with previous studies, we determined the
dLF within the largest association, OB 013 (NGC 206). The
results are shown in Fig. 13. We found the slope in B to be
0.47 £ 0.06, which is identical to the value found by Odewahn
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Fig. 10. Weighted least-squares fits to determine the slope of the B differential luminosity function within the nine groups of OB associations.
As a conservative estimate of completeness, the bins with mag > 20.6 were ignored in the linear fits (empty circles). Groups 1 — 6 are on the

eastern arm, groups 7 — 9 are on the western arm, as in Fig. 1

(1987), (0.47+0.06). The slopes of the overall B and V' dLF for
all OB associations in M 31 are 0.61 £ 0.03 and 0.62 =+ 0.05.
These results are consistent with the conclusion of Freedman
(1985), that the dLF of upper main-sequence stars in nearby
galaxies does not vary significantly from one galaxy to the other.
For instance, the values for M33 are 0.65+0.03 and 0.67+0.05.

6. The initial mass function

The initial mass function (IMF) can be constructed from the
CMDs with the help of theoretical evolutionary tracks for stars
of arange of masses: the number of stars in a given mass interval
can be obtained by simply counting the number of stars between
the corresponding pair of evolutionary tracks. This is demon-
strated for OB 013 in Fig. 14, which uses evolutionary tracks
from SSM92. With this technique, we obtain the present-day, or
“observed” mass function (PDMF). In general, the IMF is ob-
tained from the PDMF by making corrections for the stars which
have died throughout the history of the system. In order to make
these corrections, one must know the stellar birthrate history of

the system. In past photometric work on OB associations, one
of two approximations about the birthrate have been made.

The simpler of the two approximations is that all stars within
one association were born at the same time. This assumption is
quite justified for associations such as LH 9 or LH 10 in the
LMC (Parker et al. 1992): the MS in both of these associations
is very tight and there is no evidence of differential evolution.
The same assumption has also been made about OB associations
inM 31 (Massey et al. 1986). The other approximation that has
been made is to assume that the birthrate has been constant since
some initial time, i.e., since the formation of the least massive
stars (Odewahn 1987). Because most of our associations contain
only a small number of stars, in this paper we adopt the simplest
assumption, i.e., we consider all the stars within one association
to have been formed at the same time. With this assumption, the
IMF is equivalent to the PDMF for stars of masses which have
not yet evolved off the CMD.

SSM92 published several sets of theoretical evolutionary
tracks. The determined IMF could, in principle, depend on
which of these sets of tracks are used. Garmany et al. (1982)
discussed the consequences of using three different types of
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Fig. 11. Weighted least-squares fits to determine the slope of the V' differential luminosity function within the nine groups of OB associations

(see Fig. 10)

tracks (no mass loss, mass loss, and convective overshooting)
to determine the mass function. Their results showed that the
effects were rather minor, i.e., the change in the slope of the IMF
was insignificant. For our IMF determination we have adopted
the recent solar metallicity (Z=0.02) evolutionary tracks with
mass loss published by SSM92. We smoothed each track into a
monotonic curve by omitting the details of the evolution: this did
not change the IMF significantly, but it enabled the automatic
counting of stars between tracks.

In order to exclude incomplete mass intervals when deter-
mining the slope of the IMF, we converted the V' completeness
limits into mass completeness limits with the help of the mass
tracks and the CMD. We also excluded the highest mass bins, be-
cause the statistics of the very small number of stars in those bins
are unreliable. We found that the interval 0.95 log(M /Mg)S1.5
is most suitable to determine the IME.

We used the V', B — V CMDs to find the IMF for the 4 rich-
est OB associations (Fig. 15), the nine groups of associations
(Fig. 16), and the eastern and western spiral arms (Fig. 17). As
with the dLFs, we have fit the IMFs with a power law and deter-
mined the slope of the IMFs. The resulting slopes are found in
Table 1. We have also determined the IMF slope for the entire

sample of OB association stars (Table 2). We show in Fig. 15
the two IMFs determined for OB 142 when all mass bins were
included, and when only reliable mass bins (solid dots) were in-
cluded. The slope derived was quite different in the two cases,
showing that the derived slope of the IMF is dependent on the
completeness limits, and the statistics of the highest mass bins.
By grouping associations together, our initial assumption that
the stars in the sample were born roughly at the same time is
weakened. An age difference between two associations has an
effect on the high-mass end of the IMF, because the most mas-
sive stars might be present in the younger association, while
they might have evolved away from the CMD of the older as-
sociation. However, in determining the slope of the IMF, we
have excluded the high-mass end, where stars may have evolved
away. Therefore, as long as the age difference between the two
associations is small, we can expect that the slope of the IMF
we derive will not be affected significantly.

We note that the IMF slope is marginally different for the
western and eastern arms (east: —2.09 + 0.30, west: —3.02 £+
0.33, A:0.93+0.45). By itself, this is not a strong effect (2.10),
but the combined weight of the three pieces of evidence — B
dLF slope, V dLF slope, IMF slope — suggests a real difference
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Fig. 14. Observed CMD of OB 013 showing mass tracks of SSM92.
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Fig. 12. B and V differential luminosity functions within the eastern
and the western spiral arms. Empty circles represent incomplete mag-
nitude bins, and were not used in the linear fits. Both dLFs are steeper
in the western spiral arm
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Fig. 15. Initial mass functions within the 4 largest associations, with
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linear fits (see text). The number of stars in OB 013, OB 092, OB 118,
and OB 142 is 433, 417, 133, and 100, respectively. The slope for
OB 142 when including all points for the fit is —2.2 £ 0.46

Fig. 13. B and V differential luminosity functions within OB 013. The
slope in B (0.47 £ 0.06) agrees with the result by Odewahn (1987)
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Fig. 16. Initial mass functions within 9 groups of associations. The derived slopes and formal weighted least-squares fit errors are shown. Groups
1-6 are in the eastern arm, groups 7-9 are in the western arm, as in Fig. 6

0.5 1 1.5 2

between the stellar populations of the two arms. Note that, while

Table 2. Recent IMF slope measurements in Local Group galaxies the B and V band dLFs contain information similar to the IMFE,
the three are distinct measurements due to the application of the
Galaxy e oo  Reference color information in the determination of the IMF. Finally, in
Milky Way 241 - Humphreys et al. (1984) Table 2, we list recent measpremegts of the IMF in various Local
LMC 229 - Humphreys et al. (1984) Group galaxies for comparison with our own measurements.
LMC (LH117) -1.80 0.10 Massey et al. (1989a)
LMC (LH118) -1.80 0.10 Massey et al. (1989a) 7. Conclusion
SMC 214 - Humphreys et al. (1984)
SMC (LH 9) -1.60 0.10 Parker et al. (1992) We have examined the stellar content of the 174 OB associations
SMC (LH 10) -1.10 0.10 Parker et al. (1992) recently identified in the field of M 31 by MB92. From color-
SMC (NGC 346) -1.90 0.30 Massey et al. (1989b) magnitude diagrams of each association, we have determined
M33 220 050 Odewahn 1987 the extinction Epg_y, the differential luminosity function,
M31(0B013)  -2.00 025 Odewahn 1987 and the initial mass function. We have determined most of
M31(0B013)  -1.79 0.16  this paper these quantities for the 11 richest associations, 9 groups of

M 31 (OB 092) -1.56 0.21 this paper
M 31 (OB 118) -1.68  0.22 this paper
M 31 (OB 142) -1.95 0.21 this paper

associations, the eastern and western spiral arms, and the en-
tire sample of OB associations.
The extinction was found to vary between 0.20 and 0.41

M 31 (E. arm) -2.09 0.30 this paper . .. .
M 31 (W. arm) -3.02 033 this paper magnitudes (+0.05 mag). The extinction was found to be sig-
M 31 (Overall) 206 023 this paper nificantly higher for the western arm than for the eastern arm.

We have also found evidence of a difference between the young
stellar populations of the eastern and western arms. The distinc-
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Fig. 17. Initial mass functions with all stars from tb : eastern / western
spiral arms. The derived slopes and formal weig. . d least-squares fit
errors are shown. The IMF is steeper along the western spiral arm

tion is evident in a pronounced differer.ce in the slope of the B
dLF of the two arms (east: 0.46 & 0.02, west: 0.79 + 0.04, A:
0.33 £ 0.045). There is also a marginal difference seen in both
the slope of the V' dLF (east: 0.48 - C.04, west: 0.64 £0.05, A:
0.16+-0.064) and the slope of the IMF (east: —2.09+0.30, west:
—3.02 +0.33, A: 0.93 £ 0.45). The combined weight of these
three pieces of evidence suggests a difference between the ob-
served properties of the stellar populations of the two arms. It is
possible that the difference is not physical, but an observational
effect due to, e.g., the different reddening, varying photomet-
ric scatter between the two arms or different resolution of the
images.

As noted in Sect. 3, the study of OB association properties
in M 31 is hampered by three effects: 1) blended star images, 2)
differential internal reddening, and 3) overlapping associations
in the images. It is difficult to overcome all three problems, but
much progress can eventually be made by increasing the resolu-
tion and depth of the images used, and by using UV and far-UV
datato determine the extinction of the stars. Spectral stellar clas-
sification is also desired (see, e.g., Parker et al. 1992), though
rather difficult for these faint stars. Future studies of the differ-
ences between the spiral arms are encouraged to determine if
the variations in the dLFs and IMFs are due to the stellar pop-
ulations, or if they are the result of extinction or observational
limitations.
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