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As John Hutchings summarized at the opening of this symposium the 
most easily detected symptom of mass loss in hot stars is emission at Ha. 
Some years ago I made a survey of the Large Magellanic Cloud for stars 
with Ha in emission (Bohannan and Epps 1974) and since then have obtained 
low resolution spectra of some of these stars to establish their spectral 
identity. I would like to talk today of one of these objects, BE 381, 
which displays spectroscopic features of both the extreme Of and low 
excitation WN Wolf-Rayet classifications. 

The spectrum of BE 381 (Figure 1) exhibits well developed P Cygni 
profiles on the hydrogen transitions to He and on the neutral helium 
triplet lines (X3889,* M026, M471). N IIIM634-40 and He II M686 are 
in emission as in an Of - type star. The Si IV doublet around H6 is 
strongly in emission. Ionized helium A4542 and M200 are in absorption. 
In the table equivalent widths of the spectral lines in BE 381 are com
pared with those in HD 152408 (08 Iafpe). 
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The strength of He IIA4542 in BE 381 is roughly equal to that in 
HD 152408, an extreme Of star (Hutchings 1968), which suggests comparable 
atmospheric conditions near the photosphere. The much stronger hydrogen 
and neutral helium P Cygni features in BE 381 indicate that the extended 
atmosphere is much more massive or the velocity law is slower. BE 381 
is observed at an absolute visual magnitude fainter than that estimated 
for the extreme Of stars, a value of -6 is found if the reddening cor
rection is only a few tenths in B-V, a typical value in the Large Magel
lanic Cloud. 

The overall appearance of the spectrum of BE 381 is remarkably simi
lar to HDE 269227, a Wolf-Rayet star in the LMC designated as WS 12 and 
classified as WN 8 by Westerlund and Smith (1964). The hydrogen, neutral 
helium and N III spectra are essentially the same, but Si IV emission is 
much stronger in BE 381. He II A4542 absorption is slightly stronger in 
BE 381. N II A 3995 emission, present in HDE 269277 (Walborn 1977), is 
very weak or absent in BE 381. 

It appears then that BE 381 should probably be considered a Wolf-
Rayet type star rather than an extreme Of-type. If so classified, two 
arguments suggest that the type is later than WN 8. The typical WN 8-A 
star HD 86161 has N IV 4058 present (Walborn 1974), a line which is miss
ing in both HD 269227 (WS 12) and BE 381. The excitation class vs. line 
width relation for WR stars suggests that BE 381 is of later type than 
HD 269227 because of the narrower lines in BE 381. The appropriate 
classification for BE 381 appears to be WN 9 or WN 10, (types previously 
undefined), similar to HDE 269227 (Walborn 1977). Further work is need
ed to define the sequence of low excitation Wolf-Rayet stars. 

The relationship between WR and Of stars has been reviewed by Conti 
(1976, 1978). The WN 7-8 sub-types are much less pathological in their 
spectra than the earlier types. Peter Conti and Tony Moffat have inde
pendently described this afternoon how the low excitation WN stars may 
have evolved by mass loss from 0-type stars with masses larger than 35 
M . The location of the low excitation Wolf-Rayet stars near the low 
temperature limit of main sequence stellar evolution suggests that they 
represent massive stars which have completed core hydrogen burning and 
have just undergone gravitational contraction of the core. The subse
quent envelope expansion causes a much more extended atmosphere with only 
a slight increase in mass-loss rate. The enhanced N III and Si IV are 
a consequence of the extended atmosphere rather than mixing of interior 
material. Helium, nitrogen or carbon may come to the surface later in 
the star's evolution. 

I am especially grateful to P. S. Conti for obtaining a higher res
olution spectrum of BE 381 and for his valuable conversations. This re
search was supported in part by National Science Foundation grant AST 
76-20842.. 

* Conti and Alschuler 1.971 
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D I S C U S S I O N FOLLOWING BOHANNAN 

C h i o s i : D i d y o u t e s t w h e t h e r y o u r s u g g e s t i o n a b o u t t h e 
e v o l u t i o n a r y s t a t u s o f t h e Of s t a r s i s c o n s i s t e n t w i t h t h e 
n u m b e r o f Of r e l a t i v e t o m a i n s e q u e n c e s t a r s , a n d t h e r a t i o 
o f l i f e t i m e s ? T h i s r a t i o i s i n f a c t q u i t e d i f f e r e n t i n t h e 
t w o a 1 1 e r n a t i v e s . 

S r e e n i v a s a n : W o u l d y o u c a r e t o i n d i c a t e e m p i r i c a l l y 
t h e o r e t i c a l m a s s l o s s r a t e s f o r t h e s e WN s t a r s ? How d o e s 
t h i s c o m p a r e w i t h t h e r a t e s f o r Of s t a r s ? 

B o h a n n a n : O n l y t w o t o t h r e e t i m e s t h a t o f a n Of s t a r , 
s a y r o u g h l y 3 x 1 0 ~ 6 M 0 / y r . 

B r e y s a c h e r : D o e s y o u r s t a r h a v e a n u m b e r i n t h e LP1C WR 
s t a r s c a t a l o g u e p u b l i s h e d b y F e h r e n b a c h e t a l . ? I h a v e o b 
s e r v e d t h e i r s t a r N o . 56 w h i c h i s v e r y s i m i l a r t o t h e o n e 
y o u d e s c r i b e d h e r e . 

B o h a n n a n : I h a v e a c o p y o f my s u r v e y w i t h me a n d c o u l d 
g i v e y o u t h e i d e n t i f i c a t i o n . I t i s n o t o n e o f t h o s e i d e n t i 
f i e d b y F e h r e n b a c h . 
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