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I t i s wel l -known t h a t t h e m a s s i v e s t a r p o p u l a t i o n e x e r t s a d i s p r o 
p o r t i o n a t e l y g r e a t i n f l u e n c e on t h e environment w i t h i n a g a l a x y , e s p e c 
i a l l y through t h e e j e c t i o n o f c h e m i c a l l y e n r i c h e d m a t e r i a l and t h e 
input o f energy i n t o t h e i n t e r s t e l l a r medium. In o r d e r t o more f u l l y 
u n d e r s t a n d t h e s t r u c t u r e and e v o l u t i o n o f g a l a x i e s , i t i s i m p o r t a n t t o 
d e t e r m i n e how t h e m a s s i v e s t a r c o n t e n t of a g a l a x y changes w i t h Hubble 
t y p e , g a l a x i a n l u m i n o s i t y and m e t a l l i c i t y . C o n v e r s e l y , i f our goa l i s 
t o u n d e r s t a n d t h e e v o l u t i o n o f m a s s i v e s t a r s , i t i s h e l p f u l t o o b s e r v e 
them in a v a r i e t y o f e n v i r o n m e n t s , a s s t e l l a r wind p r o p e r t i e s should 
depend on c h e m i c a l abundances . We a r e i n v o l v e d i n a l o n g - t e r m p r o j e c t 
t o s u r v e y t h e m a s s i v e s t a r p o p u l a t i o n i n a d i v e r s e sample o f n e a r b y 
g a l a x i e s . U n f o r t u n a t e l y , i t i s e x t r e m e l y d i f f i c u l t t o i s o l a t e a sample 
o f r e l a t i v e l y unevolved m a s s i v e s t a r s i n an e x t e r n a l g a l a x y , s i n c e t h e 
c o l o r s and a b s o l u t e v i s u a l magni tudes o f a 2 0 MQ and 1 0 0 MQ s t a r a r e 
n e a r l y i d e n t i c a l , and c a n be f u r t h e r confused by d i f f e r e n t i a l i n t e r n a l 
e x t i n c t i o n . WoIf -Rayet (WR) s t a r s , however, a r e r e l a t i v e l y e a s y t o 
d e t e c t due t o t h e i r s t r o n g e m i s s i o n - l i n e s p e c t r a and h i g h l u m i n o s i t i e s . 
S ince WR s t a r s a r e known t o have evo lved from 0 s t a r s and b e c a u s e t h e i r 
space d i s t r i b u t i o n i n t h e s o l a r ne ighborhood i s i d e n t i c a l t o t h a t o f 
t h e most m a s s i v e 0 s t a r s , we have d e c i d e d t o use WR s t a r s a s t r a c e r s o f 
t h e m a s s i v e s t a r p o p u l a t i o n in nearby g a l a x i e s . 

When we began t h e s e s t u d i e s , i t was a c c e p t e d t h a t t h e s u r f a c e 
d e n s i t y o f WR s t a r s d e c r e a s e d s u b s t a n t i a l l y from t h e G a l a x y , t o t h e 
LMC, t o t h e SMC. S i m i l a r l y , t h e r a t i o o f WC t o WN t y p e s f e l l fom 1 : 1 
in t h e s o l a r ne ighborhood, t o 1 : 4 . 5 in t h e LMC, t o 1 : 7 in t h e SMC. 
T h i s b e h a v i o r was w i d e l y a t t r i b u t e d t o t h e m e t a l l i c i t y d i f f e r e n c e s 
known t o e x i s t between t h e s e g a l a x i e s . S u b s e q u e n t l y , Massey and C o n t i 
( 1 9 8 3 ) s u r v e y e d M33 and found t h a t t h e WC t o WN r a t i o i n i t s c e n t r a l 
r e g i o n s i s about f i v e t i m e s h i g h e r t h a n t h a t o f t h e LMC, d e s p i t e t h e i r 
s i m i l a r i t y i n c h e m i c a l abundances . T h i s p o i n t e d t o some f a c t o r i n 
a d d i t i o n t o m e t a l l i c i t y , t h e IMF f o r example , which c o n t r o l s t h e WR 
c o n t e n t . F u r t h e r m o r e , Armandroff and M a s s e y ' s ( 1 9 8 5 ) s u r v e y o f t h e 
M a g e l l a n i c - t y p e I r r e g u l a r s NGC 6 8 2 2 and IC 1613 r e v e a l e d t h a t 6 8 2 2 
r e s e m b l e s t h e SMC i n i t s WR s u r f a c e d e n s i t y and WC t o WN r a t i o , whi le 
1 6 1 3 i s l i k e t h e LMC. S ince 6 8 2 2 and t h e LMC a p p e a r t o have s i m i l a r 
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abundances, while 1613 and the SMC are both more metal-poor, metalli
city variations cannot account for the differences in WR content among 
these galaxies. 

M31's prominence as the most massive and most metal-rich galaxy in 
the Local Group, and its morphological similarity to our galaxy made 
its inclusion in this survey essential. Unfortunately, M31's large 
inclination and substantial internal extinction have discouraged large-
scale surveys, and its massive star content remains relatively unex
plored. Recognizing these problems, we have decided to concentrate on 
individual OB associations (van den Bergh 1964), selecting the ones 
with the least amount of reddening and the ones apparently richest in 
massive stars, as evidenced by their Ha nebulosity. This procedure 
should not bias our conclusions since most of the WR stars identified 
in M33, NGC 6822 and IC 1613 are located within the boundaries of pre
viously catalogued associations. 

The observational technique used to survey M31 is nearly identical 
to that employed by Armandroff and Massey (1985) in their study of NGC 
6822 and IC 1613. KPNO 4-m PFCCD exposures have been obtained of se
lected OB associations through UBV filters and three narrow-band inter
ference filters. The interference filters were designed for the opti
mal detection of WR stars, and the unambiguous separation of these into 
WC and WN types. Consequently, two of the filters include strong WR 
emission features, while the third passes only continuum. WR stars can 
be detected by blinking either of the emission-line exposures with the 
continuum exposure, and stars can be classified as WC or WN by compar
ing their brightness in all three exposures. However, in order to be 
complete to small magnitude differences (e.g. weak-lined WN's) and in 
very crowded regions, it is necessary to go a step beyond blinking. 
Accordingly, a magnitude for every image on a set of exposures is deter
mined using Peter Stetson's crowded-field photometry program, DAOPHOT. 
Magnitude differences between the emission-line and continuum frames 
are then calculated for each image, significant differences (>2.5σ) 
indicating a WR candidate. The UBV exposures are also reduced using 
DAOPHOT, and yield a color-magnitude diagram for each association. 

Poor weather last Fall allowed us to search only nine associations 
(NGC 206, OB 8, 9, 10, 48, 54, 102, 136, 139) and limited us to UBV 
photometry of six (NGC 206, 0B 8, 9, 10, 48, 102). Although we plan to 
obtain more observations this year, the data in hand are very suggest
ive. 30 WR candidates were detected in the regions surveyed, of which 
17 are extremely probable (>3.2σ) WR stars. Of this extremely prob
able group, 11 are of WN type, yielding a WC to WN ratio of about 1:2. 

The results outlined above are in sharp contradistinction with the 
photographic WR survey of Moffat and Shara (1983). In a survey cover
ing two-thirds of M31's surface area, they identified 21 WR candidates. 
Subsequent spectroscopy indicated that 14 of these were WC stars, 3 
were WN stars and the remaining 4 were non-WR, resulting in a WC to WN 
ratio of about 5:1. There are several reasons to suspect that the 
Moffat and Shara study suffers from substantial incompleteness. The 
root of the problem is that WC stars, on average, have much stronger 
lines than WN stars. The strongest line in WC stars, C H I X4650, 
typically exceeds 1000A in equivalent width, while the strongest line 
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i n WN s t a r s , H e l l X 4 6 8 6 , r a n g e s from 30A t o 200A i n e q u i v a l e n t w i d t h . 
Imaging s u r v e y s a r e comple te t o a g i v e n magnitude d i f f e r e n c e , which 
t r a n s l a t e s d i r e c t l y t o a l i m i t i n g e q u i v a l e n t w i d t h . I f t h i s c o m p l e t e 
n e s s l i m i t e x c e e d s t h e t y p i c a l e q u i v a l e n t w i d t h f o r WN s t a r s , t h e n 
p r i m a r i l y WC s t a r s w i l l be found. One o f t h e OB a s s o c i a t i o n s which we 
s u r v e y e d f a l l s w i t h i n t h e s e a r c h a r e a of Moffat and S h a r a ( 1 9 8 3 ) · We 
d e t e c t b o t h o f t h e i r s p e c t r o s c o p i c a l l y conf i rmed WR s t a r s i n t h i s a s s o 
c i a t i o n , and b o t h a r e v e r y s t r o n g - l i n e d . They, however, missed t h e 
a d d i t i o n a l WN s t a r s t h a t we have i d e n t i f i e d . S i m i l a r l y , in NGC 6 8 2 2 , 
Moffat and S h a r a ( 1 9 8 3 ) f a i l e d t o d e t e c t any WR's, wh i l e Armandroff and 
Massey ( 1 9 8 5 ) l o c a t e d 12 WR c a n d i d a t e s , of which 7 a r e e x t r e m e l y p r o b 
a b l e ( a l l o f WN t y p e ) . Moffat and S h a r a did not even d e t e c t t h e s t r o n g 
l i n e d WN s t a r i n 6 8 2 2 f i r s t d i s c o v e r e d by W e s t e r l a n d e t a l . ( 1 9 8 3 ) 
u s i n g t h e gr ism t e c h n i q u e . Based on t h e o v e r l a p between our two s u r 
v e y s , we e s t i m a t e t h a t t h e c o m p l e t e n e s s l i m i t o f Moffat and S h a r a ' s 
( 1 9 8 5 ) s u r v e y i s 150A, which e x p l a i n s t h e s u r p r i s i n g l y low WR s u r f a c e 
d e n s i t y and anomalous ly h igh WC t o WN r a t i o t h a t t h e y f ind f o r M31. 

The p r i m a r y goa l of t h i s s tudy i s t o use t h e o b s e r v e d WR c o n t e n t 
t o deduce g l o b a l measures o f t h e m a s s i v e s t a r p o p u l a t i o n in M31. Two 
q u a n t i t i e s , t h e p r e s e n t - d a y s t a r f o r m a t i o n r a t e (SFR) and t h e i n i t i a l 
mass f u n c t i o n ( I M F ) , c a n be used t o p a r a m e t e r i z e t h i s p o p u l a t i o n . As 
h a s been d i s c u s s e d e a r l i e r , t h e h y p o t h e s i s t h a t m e t a l l i c i t y c o n t r o l s 
t h e WR s u r f a c e d e n s i t y and t h e WC t o WN r a t i o f a i l s t o e x p l a i n t h e 
r e s u l t s o f r e c e n t WR s u r v e y s . Indeed M31, wi th a WC t o WN r a t i o o f 1 : 2 
and a m e t a l l i c i t y somewhat h i g h e r t h a n t h a t o f t h e G a l a x y , i s i n c o n s i s 
t e n t w i t h t h i s h y p o t h e s i s . The s i m p l e s t a l t e r n a t i v e e x p l a n a t i o n o f t h e 
WR s t a t i s t i c s i s t h a t t h e WC t o WN r a t i o i s t e l l i n g us something about 
t h e IMF, g i v e n t h e ev idence from b i n a r i e s t h a t WC s t a r s e v o l v e from 
more m a s s i v e p r o g e n i t o r s t h a n WN's (Massey 1 9 8 1 ) . A low v a l u e of WC/WN 
would i n d i c a t e a s t e e p l y s l o p i n g IMF, whi le a r a t i o n e a r u n i t y would 
c o r r e s p o n d t o a f l a t t e r IMF. The s u r f a c e o r mass d e n s i t y of WR s t a r s , 
in t h i s s c e n a r i o , would be s e n s i t i v e t o t h e SFR, a h i g h e r WR d e n s i t y 
i n d i c a t i n g a more v i g o r o u s SFR. M31, wi th a WC t o WN r a t i o o f about 
1 : 2 , t h e r e f o r e a p p e a r s t o have a more s t e e p l y s l o p i n g IMF t h a n t h e 
G a l a x y o r t h e i n n e r r e g i o n s o f M33. Two of t h e r e g i o n s suveyed i n M31, 
NGC 2 0 6 and OB 4 8 , have a s u r f a c e d e n s i t y of WR s t a r s a s h igh a s any 
r e g i o n i n M33. F o r t h e s e two OB a s s o c i a t i o n s , t h e SFR must be compar
a b l e t o t h a t in t h e most a c t i v e r e g i o n s o f M33. The r e g i o n s i n M31 
t h a t a r e , a c t i v e l y forming m a s s i v e s t a r s a p p e a r t o be a s e f f i c i e n t a s 
t h o s e i n o t h e r g a l a x i e s , a l t h o u g h t h e r e may be fewer of them. More OB 
a s s o c i a t i o n s need t o be surveyed t o answer t h i s q u e s t i o n . 
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