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ABSTRACT

Using the point spread function photometry program DAOPHOT, we have used U BV CCD photometry
to construct color-magnitude diagrams and luminosity functions for three OB associations in the Large
Magellanic Cloud. The region LH 76 appears to be completely coeval; the region LH 13 shows some
evidence for noncoevality which will need to be checked with spectra of the stars in question. The region
LH 105, which lies on the southern edge of 30 Doradus, shows significant contamination by an
underlying older population, possibly from previous star forming events. The luminosity functions,
which serve as the first step toward determining the initial mass function in these regions, are calculated.

1. INTRODUCTION

This work is part of an ongoing study of stellar content
of OB associations in the Magellanic Clouds. The ultimate
goal is to determine the massive star content of the Clouds,
determine the initial mass function (IMF) of massive star
formation in individual regions and in each Cloud as a
whole, and to relate the stellar content to the properties of
the interstellar medium. These observations should con-
tribute to our understanding of the star formation process
in general and to understanding the factors which influence
the IMF in particular.

The differences between our Galaxy and the Large Ma-
gellanic Cloud (LMC) make it important to compare star
formation processes between the two galaxies. The LMC
appears to be forming stars much more vigorously than our
own Galaxy; there are more O3 stars in the LMC than
have been found in the observable part of our Galaxy
(Walborn 1986, and references within), and we see no
complexes like 30 Doradus. The LMC also has a lower
metallicity and a smaller dust-to-gas ratio than our Galaxy
(Koornneef 1984; Dufour 1984, and many others). Very
little is known about the dependence of the IMF on phys-
ical conditions such as the metallicity and dust-to-gas ratio
out of which the stars are formed. Thus the LMC seems an
ideal place to search for differences in the star formation
process compared to our own galaxy.
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In the first paper on this work, Massey et al. (1989,
hereafter Paper I) determined the IMF for two adjacent
OB associations in the LMC, LH 117 and 118 (Lucke &
Hodge 1970). In Paper II, Massey et al. (1989) derived
the IMF for NGC 346 in the Small Magellanic Cloud
(SMC). In neither case was the IMF found to be signifi-
cantly different than the high-mass IMF for the solar
neighborhood as derived by Scalo (1986). However,
Parker et al. (1992, Paper III) found that while LH 9 has
a ‘“normal” IMF, the slope for the IMF in LH 10 is sig-
nificantly flatter, and several regions in our Galaxy have
been found to have flatter mass functions (Massey &
Thompson 1991; Massey & Johnson 1993). Also, the up-
per mass limit of the IMF has not been found to be differ-
ent from that in our Galaxy in any of these regions, even
though the metallicity in the SMC is down by a factor of
almost 20 from that in the solar neighborhood (Massey
1993). This is in contradiction to theoretical predictions,
which indicate that in regions of lower metallicity it ought
to be possible to form stars of higher mass (e.g., Wolfire &
Cassinelli 1986). It is clear that more work is needed to
determine the slope and upper mass limit for a larger sam-
ple of star-forming regions. [It should be pointed out that
the slope of the IMF in the solar neighborhood for the
highest mass stars is in itself in dispute. See Scalo (1986)
for an exhaustive review and a “best estimate.”]

In this work we present color-magnitude diagrams and
luminosity functions for LH 13, LH 76, and LH 105. The
luminosity functions are a necessary first step toward the
determination of the mass functions in these regions.

Massey (1985) has presented convincing arguments
against the viability of constructing accurate mass func-
tions for O stars using only UBV photometry. This is due
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TABLE 1. Summary of observed fields.

Field a1975 61975 Date Exposure Time (sec)

U B \%
LH 13 0457 39.0 -662922 26 Nov85 700,150 120,20 120,20
LH 76 0532260 -674158 29 Nov8 700,150 120,20 120,20
LH 105C 0540 11.0 -69 4629 2 Dec 85 150 20 20
LH 105N 0540 10.0 -69 44 37 2 Dec 85 150 20 20
LH 105S 0540 11.0 -69 47 30 2 Dec 85 150 20 20

to the degeneracy of visible colors for the hottest stars.
This makes sense since the visible passbands all lie on the
Rayleigh-Jeans tail of the spectral energy distribution, the
slopes of which are very similar for high stellar tempera-
tures. Even the UV continua of O stars are all very similar
(Massa & Savage 1985). It is also true that the stars which
are the brightest in the visible are not the most luminous,
since the most luminous main-sequence stars emit most of
their energy in the far ultraviolet. Thus IMFs for the re-
gions studied here will have to wait for spectroscopy of the
bluest stars.

The three regions were chosen primarily for their use-
fulness in calibrating the models of DeGioia-Eastwood
(1992); they were among the regions chosen for that work
because they were cleanly separated from neighboring re-
gions in the infrared. These models attempt to determine
the IMF of an unresolved region from observations of the
radio, Ha, and infrared emission of the region. The LMC
lies at an ideal distance for calibration of these models,
since it lies at such a distance that stars can be resolved
individually by ground-based telescopes, yet many of the
H1I regions can be observed as only slightly extended
sources at radio and infrared wavelengths. Successful mod-
els of this type will eventually allow us to determine the
IMF of unresolved regions in external galaxies.

2. OBSERVATIONS AND REDUCTIONS
2.1 The Data

Images of the three regions were taken during 1985 No-
vember and December on the CTIO 0.9 m telescope with
the RCA CCD (RCA4). The filters were standard Kitt
Peak CCD U (UG2+liquid CuSO,) and “Mould” inter-
ference B and V. The scale of the CCD frames was 0.49
arcsec/pixel, resulting in a field of view of 2.5 X 4.0 arcmin
with the long axis oriented east-west. The frames were
flattened using dome flats for all filters and additional twi-
light sky flats for U and B; the twilight sky was much
closer to the color of our blue program stars than “el punto
blanco.”

The data consist of one field each for LH 76 and LH 13,
and three overlapping frames running north-south for LH
105. The three frames overlapped so much that only the
northern and southern frames are shown; the center frame
is redundant. Both long and short exposures were taken for
LH 13 and LH 76 in order to avoid saturation of the
brightest stars. A list of the exposures which includes the

coordinates of the centers, dates, and exposure times for all
three regions is given in Table 1.

Representative individual frames are shown in Figs. 1-4
(Plates 43—-46). North is to the left and east is at the bot-
tom. In each case the longest exposure through the V filter
is shown. In Figs. 3 and 4 we show the northern and south-
ern frames for LH 105. In all these figures, the stars for
which we have new photometry are marked with white
dots. Note that DAOPHOT was not able to successfully re-
solve every clump of stars and nebulosity; there are a few
clumps for which we have no acceptable photometry.

2.2 The Photometry

Observations of Landolt’s (1983) standard stars were
done seven to ten times per night using five to seven stars,
with a total of approximately 300 observations over nine
nights. Since our program objects were primarily blue
stars, we limited ourselves to fairly blue standards. The
determination of the extinction and transformation equa-
tions are discussed in great detail in Paper I. Since we are
interested primarily in the blue stars, the transformation
coefficients were intentionally optimized for the color
range B— ¥ <0.0 and U— B<0.0.

The photometry was performed using the IRAF version
of the crowded-field photometry program DAOPHOT, writ-
ten by Stetson (1987). The final fitting was done using the
ALLSTAR routine rather than NSTAR. Great care was taken
to accurately match observations of stars between frames
through different filters, between long and short exposures,
and between overlapping frames. Where there were multi-
ple observations of a star, the magnitudes were obtained by
doing a weighted average according to the uncertainties in
the magnitudes (as produced by DAOPHOT).

With DAOPHOT, the user defines an empirical point
spread function (PSF) for each frame by averaging the
cleanest, brightest stars. On some frames the very brightest
stars were not suitable for PSF stars due to saturation,
overcrowding, or bad pixels. Thus in these cases ALLSTAR
attempted to fit some stars brighter than those used to
define the PSF. In these cases the uncertainties are higher.
When the nebulosity was extremely heavy, an iterative pro-
cess suggested by Parker (1991) was used to determine the
magnitudes for the stars embedded in the nebulosity.

The standards were measured through an aperture with
a 15 pixel aperture, while the DAOPHOT magnitudes were
tied to an aperture with a 3 pixel radius. Thus for each
frame it was necessary to determine an aperture correction
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from the 3 pixel aperture to the 15 pixel aperture. This
aperture correction was derived by averaging a “curve of
growth” for the brightest isolated stars in the frame. The
aperture correction is most likely the largest source of pho-
tometric error. In the shorter exposures fewer stars had
photon statistics sufficient to determine an aperture correc-
tion. This fact, combined with the problem of the brightest
stars sometimes being brighter than the PSF stars, leads to
the brightest stars having disproportionately large errors in
their photometry.

Since the purpose of the photometry was to determine a
luminosity function, we ran the CCDCAL software (orig-
inally written by Peter Stetson) twice: one for each set of
UBYV frames, and again for just the B and V frames. This
picked up many more stars which were too faint and too
red to produce a reliable magnitude on the U frame.

DAOPHOT calculates internal uncertainties which in-
clude the CCD read noise, the sky noise, the photon sta-
tistics, and an estimate of how well the PSF was fit to the
individual star. In Figs. 5, 6, and 7 we have plotted the
internal uncertainties in ¥, B— ¥, and U — B as a function
of ¥ magnitude for each region. The apparent bifurcation
of the uncertainties in some plots is probably due to the
fact that some stars were measured twice, which reduced
the uncertainties, and some were only measured once. In
Table 2 we list the median errors for each region for half-
magnitude bins. Stars brighter than the brightest bin or
fainter than the faintest bin listed belong in the bin closest
to its magnitude; this was done so that each bin had
enough stars for a reasonable average. Note that the un-
certainties for LH 105 are much greater than for the other
two regions; this is directly attributable to the fact that the
seeing was much worse for these observations than for the
other two regions. In addition, no deep exposures were
taken of LH 105.

In Tables 3 through 6 we present the photometry for the
three regions. The northern and southern regions of LH
105 are listed in separate tables; the coordinates in Table 5
refer to the image in Fig. 3, and the coordinates in Table 6
refer to the image in Fig. 4. The stars are numbered in
order of increasing right ascension, which is increasing Y.
The X and Y coordinates given for the centers of the stars
are in pixels, measured from the upper left corner of the
frame. The stars can be identified by their coordinates in
pixels in Figs. 2 through 5, remembering that the total
frame is 316 pixels wide in X and 500 pixels high in Y.
There are a very few stars which are just barely off the
frames shown; this occurred when the short ¥ exposure
was slightly offset from the long one, and a magnitude was
picked up off the short frame. Thus these stars do not show
up in the images, which are the long ¥ exposures.

In keeping with Paper I and Paper II, in Tables 3
through 6 we denote with a colon those magnitudes or
colors having an uncertainty more than twice as large as
the median values presented in Table 2, or a color which is
outside the color range for which our photometric trans-
formations are optimized, or a star which had a chi value
calculated by DAOPHOT to be more than 2.0 (which indi-
cates a bad fit to the PSF). We denote with two colons a
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FIG. 5. The internal uncertainties in the ¥ magnitude as a function
of ¥ magnitude for the three regions.

magnitude or color with an uncertainty greater than three
times the median values in Table 2. Many of the worst
uncertainties can be traced to a star being close to the edge
of a frame, or being near a saturated star.

Several of the brightest stars were too saturated or too
crowded, even on the short frames, for ALLSTAR to be able
to make a good fit. Three of these stars are in the list of
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FIG. 6. The internal uncertainties in the B— V color as a function of
¥ magnitude for the three regions.

Sanduleak (1969), and their photometry is available from
different sources and compiled in Rousseau et al. (1978).
As discussed later, we have added these three stars into the
color-magnitude diagrams and luminosity functions de-
rived here, but they are not included in the tables of pho-
tometry. Two of these stars are in LH 76; SK-67 173 is at
approximate coordinates 75, 135, and SK-67 178a is at ap-
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FIG. 7. The internal uncertainties in the U— B color as a function of
¥ magnitude for the three regions.

proximate coordinates 255, 298. The third star, SK-66 41,
is in LH 13 at approximate coordinates 101, 296.

We were lucky enough to have two sources of photom-
etry with which to compare ours. In his Ph.D. thesis,
Lucke (1972) obtained photographic BV photometry for
LH 76. The OB association LH 105 contains the x-ray
source LMC X-1, which has stimulated considerable inter-
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TABLE 2. Median photometric errors in half-magnitude bins.

LH 13 LH 76 LH 105
Bin Center oy oB-v OU_-B 4% 0B_v OU-B oy oB-v OU-B
<15.50 0.009 0.011 0.011 0.012  0.016 0.018
15.75 0.010 0.014 0.016 0.018  0.028 0.036
16.25 0.014 0.016  0.017 0.026  0.040 0.059
16.75 0.010 0.0i4 0.014 0.015 0.023 0.024 0.039 0.078 0.080
17.25 0.020 0.033  0.036 0.019  0.027  0.027 0.058  0.106 0.112
17.75 0.032 0.063  0.069 0.027 0.039  0.042 0.097  0.157 0.185
18.25 0.044 0.069  0.091 0.052 0.075  0.087 0.137  0.236 0.253
>18.50 0.077 0.118  0.145

1009

est. Dufour & Duval (1975) obtained photoelectric UBV
photometry for several of the stars in the region. In Table
7 we present cross identifications between our stars and the
numbering systems of Lucke, Dufour and Duval, Sand-
uleak (1969), Cowley et al. (1978), Feast et al. (1960),
and the HST Guide Star Catalog (1992). In LH 13 and
LH 76 there were enough stars from the Guide Star Cata-
log for us to be able to derive accurate coordinates for the
stars; these coordinates are given in Table 7. However, in
LH 105 there were not enough stars from the Guide Star
Catalog in the field for us to be certain of their identifica-
tion, nor to derive coordinates.

In Fig. 8 we present graphically the comparison of our
photometry to that of Lucke (1972) and Dufour & Duval
(1975), plotted as the difference in magnitudes in the sense
of our photometry minus their photometry. The crosses
represent Lucke’s photographic iris photometry, and the
circles represent Dufour’s photoelectric photometry. Only
Lucke’s “good” magnitudes have been included, i.e., no
multiple or saturated stars, and only stars without colons
in Tables 3 through 6 have been included. The agreement
in ¥ magnitude is excellent in both cases over a wide range
in magnitude. Our magnitudes might be slightly fainter
than Dufour and Duval’s, but there are not enough data
points to tell for sure. As noted in Paper I, there appears to
be a systematic difference between our B— ¥V colors and
Lucke’s in the sense that our photometry is redder. How-
ever, no such difference is seen between our photometry
and Dufour and Duval’s. The agreement between our
U — B colors and those of Dufour and Duval is also excel-
lent. (We note here a difference of almost precisely two
magnitudes between our ¥ magnitude and Dufour and Du-
val’s for their star number 8. Since our colors for that star
match his within several hundredths, as do the ¥ magni-
tudes for the other stars in common, we suspect that his V'
magnitude is in typographical error and that it should be
14.23 instead of 12.23.)

3. ANALYSIS
3.1 The Reddening Correction
The reddening for each region was determined by cal-
culating the reddening-free index Q=(U— B)—0.72(B

— V) for the bluest stars, i.e., those stars with an intrinsic
B—V less than zero. First the stars were plotted on a

color—color diagram to get a rough idea of the reddening.
The diagrams are presented in Fig. 9; only stars with errors
less than 0.07 mag are shown. There is obviously scatter in
the reddening values, indicating differential reddening
across the clusters, particularly in LH 105 which has the
largest and most variable reddening. The Q values were
then calculated for all stars that appear in Fig. 9. The
average reddening for each cluster was determined by av-
eraging the E(B— V') values calculated from the Q values
for these stars. Stars with individual Q values were dered-
dened using their own Q value, and the remaining stars
were dereddened using the median reddening for each re-
gion. The median was felt to be more appropriate than the
mean since a few high values for the reddening in dusty
regions would skew the distribution.

The median, mean, and standard deviation of the color
excess E(B—V) are presented in Table 8 for all three
regions, as well as the number of stars used in the calcu-
lations. Note that in each case the standard deviation is
significant and that the mean is higher than the median,
indicating that the reddening is highly variable and that
some of the stars are quite highly reddened. The reddening
is similar in LH 13 and LH 76, but significantly higher in
LH 10s.

3.2 The Color-Magnitude Diagrams

In Fig. 10 we present dereddened color-magnitude di-
agrams in ¥ vs B—V for the three regions, and in Fig. 11
the dereddened V vs U— B diagrams. In keeping with Pa-
per I and Paper II, we have plotted stars with “good”
photometry, i.e., those stars with uncertainties in both
magnitudes and colors less than 0.07 mag, as circles. The
remaining stars are plotted as crosses. In Fig. 11 we can see
that not much extra information has been gained by using
the U— B color for the color-magnitude diagram; spectra
are still necessary to distinguish the temperatures of the
hottest stars.

As discussed above, we have added to Figs. 10 through
13 three stars which do not appear on our photometry lists.
These three stars were inside our frames, but due to satu-
ration and nebulosity, ALLSTAR was unable to fit them
successfully. The stars are SK-67 178a and SK-67 173 in
LH 76, and SK-66 41 in LH 13 (Sanduleak 1969). For the
sake of completeness we have added these stars into the
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color-magnitude diagrams using the photometry collected
by Rousseau et al. (1978). The magnitudes, colors, and
spectral types from Rousseau et al. are presented in Table
9. The stars were dereddened for the color-magnitude di-

m agrams and luminosity functions using the median redden-
| ing from the appropriate region. In Figs. 10 through 13,
= the three stars are plotted as asterisks.
N We also note here that our field of view for LH 76 is
|eee slightly smaller than the area defined as LH 76 by Lucke
=] (1972), and that the star SK-67 167, which has been clas-
L sified by Conti ez al. (1986) as O4f, is just off the chip.
S (83 Another bright star in LH 76 which was too close to the
xRE2 edge for DAOPHOT, at coordinates of approximately
oo X =128 and Y =500, is a star which was labeled as Galac-
> §§ 55 tic by Fehrenbach et al. (1965) by virtue of its radial ve-
locity. [This is star number 17 in Fehrenbach et al. and star
b ;Eg; number 67 in Lucke (1972).]
2|5883 3.3LH I3
LH 13 is one of the several OB associations comprising
Al o I o the emission region DEM 34 (Davies et al. 1976), or MC
] g ; g i ; : 18 as it is known at radio wavelengths (McGee et al.
= (I I 1972). This extensive region of current star formation in
. .. .. the northwest corner of the LMC is second only to 30
>| SRE22T 88SRE 83=x8 Doradus in Ha production in the LMC (Kennicutt &
2 [®=[7TTT° T°°°T °9999 Hodge 1986). Comparison of the CO observations (Cohen
E et al. 1988) and the Ha observations (Davies et al. 1976;
§ > BRER8 & f:; Y88 1B2II Bothun 1990) show the region to be a “double blister,”
= BESER 2XRER B/EExRY with stars forming at either end of a molecular cloud com-
; @AY MMH¥O BRSO plex. Our optical image, which is a small subregion of this
2 > eEE8R BIISS Exeeg extensive star-forming complex, shows a tight cluster of
= IS eSS wNwee stars in a region of heavy nebulosity, with a dust lane
b e n 2gPee cua=2 running through the center. This knot of nebulosity is
SO822 2RI/ |/=28SC NGC 1763. In Paper III, Parker et al. found the mass
blorwoe —amwn chooo functions of LH 9 and LH 10, which are also in this star-
FISRERI JIIIE ZXEEE forming complex, to be substantially different. They
present a convincing case for sequential star formation,
B with LH 10 being triggered by the evolution of massive
ﬂ? =4 a8z 2 3 stars in LH 9.
=) S g9 S In Fig. 10 we can see that the dereddened color—
. magnitude diagram for LH 13 shows a fairly clean main
>lrazey 2eEnx caaqe sequence down to about ¥'~17, which would be roughly
& SSSSS resss Hos-s My~ —1, using a distance modulus to the LMC of 18.3
(in keeping with Paper I). This would correspond roughly
Sogmed Camider ey m e to a B3 star on the Zero-Age Main Sequence (ZAMS)
> ; E ; ;: ; g ; ; ; ; ; ; 5 ; ; (Pe'magia 1973). Hovyever, there are a fair number. qf stars
which are off the main sequence. For these stars, it is nec-
o taaE rodae ddmsd essary to distinguish among foreground stars, evolved stars
NMBEE SRIBIF IEEES of the same age, an older background population, or stars
MM MO =0 which are part of the association but not coeval. The star
» § @ § § E g § § §§ § § Q g 2 shown as an asterisk, SK-66 41, has been classified by
Rousseau et al. (1978) as Peculiar.
E SARIR 8KRA8 =Zanys In Fig. 12 we have replotted the ¥ vs B—V color—
wn v o e - =t - - oy oy

magnitude diagrams for the three associations, with the
addition of the number of Galactic foreground stars ex-
pected from the model of Ratnatunga & Bahcall (1985).
These numbers represent the average number of fore-
ground stars expected in the indicated region of the dia-
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0.5 T T T T 7
TABLE 7. Star cross identifications. B 1
Star 2000 62000 Other Designations! - o) 4
i +0 1
62 04574062 -66 23214193 G 8889 522 : 0 __O__q"+____6_*_—f"“}_—
: - : - + + + 4
97 04 57 45.18 -66 27 54.1 G 8889 537
LH 76 - A
7 05 32 01.74 -67 41 01.8 L 53 - -
15 03.57 41169 L 54 —-0.5 1 2 | R U | L |
39 08.64 40159 L52 12 13 14 15 16
42 08.76 41 30.3 L 56 v
57 10.66 40 40.3 L 55
69 11.45 41 15.5 Sk -67 174, G 9162 478
80 13.03 40216 L49 0S5 ———F——7——7—
81 12.90 41 56.7 L 64 B b
86 13.90 40 47.3 G 9162 62 o -
89 14.06 40128 L350 — 5 + + F
109 16.45 40 27.5 L 48 > - o + -
136 19.84 41 11.5 Sk -67 176, G 9162 100 | 0 ——— g ————— g-_ _________ ]
147 21.78 4019.0 L 47 m I + o0 o i
162 24.17 42063 L 62 -1 I N |
164 25.64 40 57.6 L 58 i ]
175 27.43 41 13.0 Sk -67 178b, G 9162 144 L
176 27.88 40 26.7 L 46 —-05 | , | . | . i . |
185 29.33 41 074 L 60 ° 12 13 14 15 16
186 29.39 40 42.2 L 44
195 31.51 41252 L61 v
LH 105 North
22 053941 -69 442 R 148, Sk -69 254, DD 1 0.5 — T T T
87 05 39 59 -69 442 R 149, Sk -69 257, DD 3 -1
5 - - CCH 34 L
14 - - CCH 21 ~ - 4
17 - - CCH 32 M i i
18 - - CCH 23 | . Qo ______ —
21 - = CCH 22 = ° | °° 8 i
37 ~ - DD 8 -1 i ]
44 - - CCH 24 i ]
50 - - DD 9 | |
70 - - DD 10 -05 | . | , | . L } |
88 - - CCH 26 T12 13 14 15 18
89 - - CCH 27
104 - - DD 11 v
LH 105 South FIG. 8. A comparison of the photometry presented here with that of
21 _ _ DD 13 Lucke (1972) and Pufour & Duval ( 1975) for t.he stars .in common.
The sense of the difference is our magnitude minus theirs, which is
46 - - CCH 33 plotted against ¥ magnitude. The crosses represent Lucke’s photo-

Notes to TABLE 7

G, HST Guide Star Catalog (1992); L, Lucke (1972);
Sk, Sanduleak (1969); DD, Dufour and Duval (1975);
CCH, Cowley et al. (1978); R, Feast et al. (1960).

2 Approximate coordinates from Sanduleak (1969).

graphic iris photometry, and the circles represent the photoelectric
photometry of Dufour and Duval.

grams for the angular area of the CCD frame(s) for each
association. While these numbers should not be overinter-
preted, they provide a useful tool for understanding the
diagrams. For LH 13 we see that the stars with 0.8 < B—V
< 1.3 are in fact reasonably likely to be foreground stars, as
is the star at ¥'=17.5 and B— V' =1.5. However, the very
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LH 13

+

FIG. 9. Two-color relation for stars in the three observed regions.
The solid lines show the intrinsic colors for main-sequence and su-
pergiant stars given by Fitzgerald (1970). The dashed line repre-
sents the reddening vector for an O9.5 star. Only stars with “good”
photometry, as defined in the text, are shown.

red star at ¥~ 13.5 is in fact likely to be a red supergiant,
and will need a spectrum to determine its true nature. The
stars with 0.2 < B— V' <0.8 appear to belong to some older
population of stars. Examination of the spatial distribution
of the stars shows them to be coincident with the main
stars in the cluster, and thus at least good candidates for

TABLE 8. Derived color excesses.

Number of
Region Median Mean o stars used
LH 13 0.16 0.19 0.14 37
LH 76 0.13 0.16 0.10 147
LH 105 0.38 0.45 0.21 58

stars created in a noncoeval event. When all the stars are
properly placed on a theoretical H-R diagram, we should
be able to discern their true nature.

34LH 76

LH 76 is one of several star-forming regions in the
southern edge of Constellation III, a ring of current star
formation which surrounds a hole in the interstellar me-
dium blown out by a relatively recent episode of star for-
mation. Constellation III is in the northeast of the LMC.
The association LH 76 is also called NGC 2014, and its
H 11 region is DEM 229 (Davies et al. 1976).

In examining the color-magnitude diagrams for LH 76
in Figs. 11 and 12, we find no evidence for contamination
by an older population. In Fig. 10 the star on the main
sequence plotted as an asterisk, SK-67 173, was classified
by Sanduleak (1969) as OB. The star with V'=9.5 and
B—V=~1is SK-67 178a, which was classified by Rousseau
et al. (1978) as G2Ia. In Fig. 12, we can see that all the
other stars off the main sequence (with the exception of
SK-67 178a) are very likely to be foreground stars. With
only one supergiant, the region is almost certainly coeval.
It seems likely that the star formation was triggered by the
winds which blew out the hole which is the center of Con-
stellation III.

3.5 LH 105

The OB association LH 105 lies at the southern edge of
the greater region of star formation centered around 30
Doradus. The knot of nebulosity in the southern region is
NGC 2079; the wispy H 1I region surrounding the entire
association is DEM 271 (Davies et al. 1976). LH 105’s
only claim to fame is the x-ray source LMC X-1, which is
a candidate for a black hole and an x-ray ionized nebula
(see Pakull & Angebault 1987, and references within.) In-
spection of the finding chart in Pakull and Angebault
(1987) shows that their candidate, star ““32,” is probably
our star number 17 in the northern region. They give a
spectral type of O7 for this star, and suggest that it is the
optical counterpart to the x-ray source.

The reddening is quite high in LH 105, with a median
E(B—V) of 0.38 and a mean of 0.45. Inspection of the
color—color diagram in Fig. 9 shows that the spread in
reddening is as much as 0.5 mag. Using the median red-
dening is probably a little too much for LH 105; in Fig. 10,
it is apparent that the faintest main-sequence stars have
been shifted a little too much to the blue. We checked the

© American Astronomical Society * Provided by the NASA Astrophysics Data System
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FIG. 10. Dereddened color-magnitude diagrams in ¥ vs B— V for the three regions. Stars
with “good” photometry, i.e., those stars with uncertainties in magnitudes and colors less
than 0.07 mag, are represented by circles. The remaining stars are represented by crosses.
The stars marked as asterisks were unresolved by DAOPHOT, and are taken from the
literature.
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FI1G. 11. Dereddened color-magnitude diagrams in ¥ vs U— B for the three regions. The
symbols are the same as in Fig. 10.
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TABLE 9. Stars taken from the literature.

Star vV B—V U-B
SK-66 41 11.69 —0.12 —-0.97
SK-67 173 12.04 —0.12 —0.96
SK-67 178a 9.91 1.15 0.60

spatial distribution of stars with high and low reddenings,
and found no clear correlation of the degree of reddening
with position.

The photometry for LH 105 is somewhat less precise
than the other two regions presented here because only
short exposures were taken for this region. However, in-
spection of Fig. 12 indicates that, even given the poorer
photometry, there are many fairly luminous red stars
present. We ran a check to determine whether these stars
are “real.” There are similar stars in the color-magnitude
diagram for LH 13, which had both long and short expo-
sures. The red stars in LH 13 did not disappear and the
overall scatter did not increase significantly redward when
only the short frames were used; thus we do not feel that
the red stars in LH 105 are manifestations of the poorer
photometry.

Examination of the spatial distribution of the red stars
shows that the stars are spread fairly evenly throughout the
region. One possibility is that the stars are foreground
stars, even though inspection of Fig. 12 shows that this is
unlikely. A check of the few stars which were blue enough
to have good U magnitudes but still off the main sequence
showed that they had very high reddenings; thus it seems
even more unlikely that they are foreground stars. Another
possibility is that the stars are pre-main sequence; since the
reddening is quite high, we might expect LH 105 to be
quite young. However, the red stars are not restricted spa-
tially to the knots of nebulosity, which one might expect if
they were pre-main sequence.

The most likely explanation, then, is these stars are rep-
resentative of a slightly older population. Given its location
on the outskirts of 30 Doradus, multiple episodes of recent
star formation, possibly at slightly different distances, are
not unlikely. Inspection of the Hodge-Wright atlas
(Hodge & Wright 1967) shows that the density of bright
stars south of 30 Dor is higher than in surrounding regions.

3.6 Luminosity Functions

In Fig. 13 we present the luminosity functions for the
three associations. We have chosen to present the luminos-
ity functions in dereddened ¥V magnitude rather than ob-
served ¥ magnitude due to the large scatter in the redden-
ings; it was felt that this scatter might skew the slope of the
function. The stars have been “binned” in half magnitude
bins as a function of dereddened ¥ magnitude. The solid
lines in the step function represent the number of stars with
“good” photometry as defined above; the dashed lines in-
dicate the additional numbers of stars with poorer photom-
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etry. The three stars added into the color-magnitude dia-
grams have also been added into the luminosity functions,
and are denoted by dotted lines.

Inspection of luminosity functions constructed with ob-
served magnitudes (not shown) rather than dereddened
magnitudes shows the functions dropping off at =18 in
LH 13, ¥=18.5in LH 76, and ¥'=16.5 in LH 105. The
fainter limit in LH 76 can be traced to the better seeing; the
brighter limit in LH 105 is expected from the lack of deep
exposures.

The typical argument is that the photometry is complete
to the magnitude at which the luminosity function drops
off. This is a somewhat circular argument, since we do not
know that in fact the true luminosity functions do not start
to drop off of their own accord. However, for a distance
modulus of 18.3, a dereddened ¥ magnitude of 17.5 cor-
responds to an M of —0.8, or roughly a ZAMS B3 star
(Panagia 1973). There is no evidence to expect a luminos-
ity function to drop off at so early a spectral type, so we
will assume that our photometry is complete to the appar-
ent ¥ magnitudes quoted above.

Mateo (1988) derived luminosity and mass functions
for six Magellanic Cloud clusters. In Fig. 14 we present a
graphical comparison of the luminosity function of LH 76
to that of NGC 1711, the youngest LMC cluster studied by
Mateo (1988). We have chosen LH 76 because it is the
most populous of our three associations, and also the one
association which has no evidence for contamination from
background stars. No vertical scale shifts have been ap-
plied to either data set; the data points for LH 76 represent
the counts in half-magnitude bins as shown in Fig. 13,
except that they have been shifted to fainter magnitudes by
the amount dictated by the median reddening, 0.41 mag.
Mateo’s counts are normalized to the number of stars per
square arcminute, and have been corrected for the presence
of evolved stars and field stars; the counts shown are taken
from his “adopted” column in Table 5. In both cases, the
error bars represent n'/%, where n is the observed number
of stars in each bin. In doing this, we assume that the
distribution of star counts is represented by the Poisson
distribution.

Mateo found that the mass functions for all six clusters
were similar, with some indication that the average mass
function was flatter for the high-mass stars than for the
low-mass stars. Although the slopes of the luminosity func-
tions in Fig. 14 cannot be directly compared to the slopes
of the mass functions, they are consistent with the idea that
the distribution of stars is flatter at the high-mass end than
at the low-mass end.

4. SUMMARY

Using point spread function photometry on U, B, and V'
CCD frames, we have presented color-magnitude dia-
grams and luminosity functions for three OB associations
in the LMC. The luminosity functions are a necessary first
step toward determining the IMF in these regions. The
color-magnitude diagram for LH 76 is very clean, with no
hint of noncoevality or contamination by an older popula-
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FI1G. 12. Dereddened color-magnitude diagrams identical to those in Fig. 10, with the
addition of the number of galactic foreground stars predicted by the model of Ratnatunga

& Bahcall (1985) for each region of the diagram.
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FIG. 13. The luminosity functions as a function of dereddened, apparent ¥ magnitude for
the three regions. The histogram shown with solid lines is that obtained using only the
stars with “good” photometry as defined in the text; the additional stars shown with
dashed lines are the stars with poorer photometry. The dotted lines represent bright stars
gleaned from the literature, as discussed in the text.
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FIG. 14. The luminosity function for LH 76 (filled circles) com-
pared to the luminosity function for NGC 1711 (open circles) from
Mateo (1988). The error bars shown indicate n'/2, where n is the
number of stars in each half-magnitude bin interval. The function
for LH 76 is that of Fig. 13, but has been shifted 0.41 mag fainter in
accordance with the median reddening.

tion. The luminosity function for LH 76 is compared to
that of the youngest cluster studied by Mateo (1988), and
is found to be consistent with his observations. The dia-
gram for LH 13 shows some evidence for noncoevality,
which can be checked when spectra are used to place the
stars on the theoretical H-R diagram. LH 105, which is at
the southern edge of the greater 30 Doradus star-forming
complex, shows significant contamination by an underlying
older population, possibly from previous star forming
events.
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PLATE 43

FIG. 1. The longest ¥ exposure frame for LH 13; the exposure was 120 s. North is to the left and east is at the bottom.

DeGioia-Eastwood et al. (see page 1006)
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PLATE 44
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FI1G. 2. The longest ¥ exposure frame for LH 76; the exposure was 120 s. North is to the left and east is at the bottom.

DeGioia-Eastwood et al. (see page 1006)
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PLATE 45

FIG. 3. The V frame for the northern region of LH 105; the exposure was 20 s. North is to the left and east is at the bottom.

DeGioia-Eastwood et al. (see page 1006)
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PLATE 46

FIG. 4. The V frame for the southern region of LH 105; the exposure was 20 s. North is to the left and east is at the bottom.

DeGioia-Eastwood et al. (see page 1006)
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