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ABSTRACT. JHK p h o t o m e t r y o f 3 3 c a r b o n s t a r s we found i n t h e d i r e c t i o n o f 
t h e g a l a c t i c b u l g e shows t h a t t h e y m o s t l i k e l y b e l o n g t o t h e b u l g e p o p u -
l a t i o n and t h a t t h e y a r e i n t r i n s i c a l l y f a i n t , m e t a l r i c h o b j e c t s . The 
c o n v e n t i o n a l m i x i n g m e c h a n i s m i s e x c l u d e d i n t h e i r c a s e and t h u s t h e i r 
f o r m a t i o n i s s t i l l a m y s t e r y . 

Low d i s p e r s i o n s p e c t r o s c o p y p r o v i d e d by t h e G r e n s and G r i s m d e v i c e s 
a t t a c h e d t o t h e p r i m e f o c u s l a r g e f i e l d c o r r e c t o r s o f t h e C a n a d a - F r a n c e -
H a w a i i T e l e s c o p e (CFHT) and E u r o p e a n S o u t h e r n O b s e r v a t o r y (ESO) 3 . 6 m 
t e l e s c o p e , r e s p e c t i v e l y , l e d u s t o d e t e c t t h r o u g h t h e i r C2 Swan b a n d s 
- a t 5 1 6 5 Â and o c c a s i o n a l l y 4 7 3 7 Â - a s u b s t a n t i a l number o f new c a r b o n 
s t a r s i n t h e SMC and i n d w a r f s p h e r o i d a l g a l a x i e s ( s e e A z z o p a r d i , 1 9 8 7 
and r e f e r e n c e s h e r e i n ) . F u r t h e r m o r e a t t h e CFHT, we d i s c o v e r e d 3 3 c a r b o n 
s t a r c a n d i d a t e s i n 8 o f t h e 9 b u l g e f i e l d s t h a t we h a v e s u r v e y e d - e a c h 
5 5 a r c m i n s q u a r e - i n c l u d i n g t h e w e l l known t r a n s p a r e n c y windows NGC 
6 5 2 2 , S a g i t t a r i u s I and I I ( B a a d e , 1 9 6 3 ) and t h e Van den B e r g h - H e r b s t 
( 1 9 7 4 ) window. The s u c c e s s o f t h i s s u r v e y i s m a i n l y due t o t h e low d i s -
p e r s i o n u s e d ( 2 0 0 0 Â mm" 1 ) and t o t h e l i m i t e d s p e c t r a l r a n g e ( 4 3 5 0 - 5 3 0 0 
Â) we h a v e s e l e c t e d by c o m b i n i n g a S c h o t t GG 4 3 5 f i l t e r and t h e I I I a - J 
e m u l s i o n c u t - o f f . The r e s u l t i n g s p e c t r a a r e r a t h e r s h o r t ; t h u s t h e num-
b e r o f o v e r l a p s i s k e p t r a t h e r l o w , e v e n on d e e p e x p o s u r e s o f t h o s e v e r y 
c r o w d e d f i e l d s . A l l c a n d i d a t e s w e r e s u b s e q u e n t l y c o n f i r m e d by h i g h e r - r e -
s o l u t i o n s p e c t r o s c o p y a t ESO and L a s Companas O b s e r v a t o r y ( A z z o p a r d i , 
L e q u e u x , R e b e i r o t , 1 9 8 5 ; R i c h , A z z o p a r d i , L e q u e u x , R e b e i r o t , 1 9 8 7 ) . 

The d i s c o v e r y o f t h e s e r a r e and f a i n t c a r b o n s t a r s was u n e x p e c t e d 
s i n c e t h e b u l g e p o p u l a t i o n i s u s u a l l y a s s u m e d t o b e v e r y o l d . I n o r d e r 
t o o b t a i n M, ^ and T

e f f > i n f r a r e d p h o t o m e t r y o f a l l 3 3 c a r b o n s t a r s was 
s e c u r e d a t t h e C a s s e g r a i n f o c u s o f t h e ESO 3 . 6 m t e l e s c o p e i n t h e p e r i o d 
2 2 - 2 5 J u n e 1 9 8 7 . 

An I n S b d e t e c t o r was u s e d w i t h a 7 . 5 a r c s e c c i r c u l a r a p e r t u r e and 
s e c o n d a r y - m i r r o r c h o p p i n g and n o d d i n g t e c h n i q u e s w i t h v a r i a b l e t h r o w 
a m p l i t u d e and p o s i t i o n a n g l e . V a r i a t i o n s i n JHK m a g n i t u d e s a m o u n t i n g i n 
a few c a s e s t o 0 . 2 mag a r e p r e s e n t b e t w e e n o b s e r v a t i o n s made on d i f f e r e n t 
n i g h t s w i t h d i f f e r e n t s e t t i n g s , w h i l e e r r o r s on t h e c o l o r s a r e s l i g h t l y 

71 

M. Morris (ed.), The Center of the Galaxy, 71-74. 
©1989 by the IAU. 

https://doi.org/10.1017/S0074180900186358 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900186358


72 

s m a l l e r . T h i s i s m o s t l i k e l y due t o t h e e x t r e m e c r o w d i n g o f t h e g a l a c t i c 
b u l g e f i e l d s . F u r t h e r m o r e , s i m i l a r o b s e r v a t i o n s made by M. R i c h w i t h 
t h e 4 -m t e l e s c o p e a t C e r r o T o l o l o I n t e r - A m e r i c a n O b s e r v a t o r y show, i n 
g e n e r a l , good a g r e e m e n t w i t h t h e ESO m e a s u r e m e n t s . 

S i n c e i n t e r s t e l l a r e x t i n c t i o n i n t h e d i r e c t i o n o f t h e b u l g e i s n o t 
n e g l i g i b l e i n t h e n e a r - i n f r a r e d we a r e r e s t r i c t e d h e r e t o d i s c u s s t h o s e 
s t a r s l o c a t e d i n a r e a s f o r w h i c h a v a l u e f o r e x t i n c t i o n h a s b e e n 
p u b l i s h e d : t h e B a a d e window a r o u n d NGC 6 5 2 2 ( E g _ y = 0 . 4 9 , a v e r a g e o f 
s e v e r a l c o n c o r d a n t d e t e r m i n a t i o n s ) , t h e Van den B e r g h and H e r b s t ( 1 9 7 4 ) 
window ( E B _ V = 0 . 2 5 ) and t h e f i e l d a r o u n d NGC 6 5 5 8 ( E ß _ v = 0 . 4 1 , 
Z i n n , 1 9 8 0 ) . F i g u r e 1 d i s p l a y s a ( J - K ) 0 / K Q c o l o r - m a g n i t u d e d i a g r a m f o r 

κ 

- 5 . 5 

-4.5 

- 3 . 5 

12 h - 2 . 5 

13 
0 . 

J I L J L 
5 0 . 6 0 . 7 0.8 0.9 1.0 I.I (J-K) 

J - l . 5 

F i g u r e 1 . ( J - K ) Q / K 0 c o l o r - m a g n i t u d e d i a g r a m f o r 16 c a r b o n s t a r s i n t h e 
g a l a c t i c b u l g e w i t h known i n t e r s t e l l a r e x t i n c t i o n . 

t h e 16 c a r b o n s t a r s f o r w h i c h mean e x t i n c t i o n c o r r e c t i o n s a r e p o s s i b l e . 

T h e y f o r m a w e l l - d e f i n e d s e q u e n c e i n d i c a t i n g t h a t t h e y m u s t a l l l i e 

a p p r o x i m a t e l y a t t h e same d i s t a n c e and b e l o n g t o t h e b u l g e . Assuming a 

d i s t a n c e o f 8 k p c f o r t h e g a l a c t i c c e n t e r and t h e b u l g e , a b s o l u t e Κ 

m a g n i t u d e s show t h a t t h e f a i n t e s t s t a r s a r e i n d e e d v e r y w e a k . A l o g 
T e f f / M b o l d i a g r a m f o r t h e same s t a r s i s p r e s e n t e d i n F i g . 2 . F o l l o w i n g 

A a r o n s o n and Mould ( 1 9 8 5 ) , b o l o m e t r i c c o r r e c t i o n s h a v e b e e n o b t a i n e d 

f r o m ( J - K ) G u s i n g F i g . 2 o f F r o g e l e t a l . ( 1 9 8 0 ) , w h i l e T e f f i s t a k e n 

f r o m T a b l e 4 o f A a r o n s o n and Mould ( 1 9 8 5 ) . F o r c o m p a r i s o n , we h a v e 

p l o t t e d t h e p o s i t i o n s o f M g i a n t s i n t h e B a a d e window w i t h M^ 0 ^ > - 3 

f r o m T a b l e 1 o f F r o g e l and W h i t f o r d ( 1 9 8 7 ) , and o f r e d g i a n t s i n t h e 

m e t a l - r i c h c l u s t e r s NGC 5 9 2 7 ( [ F e / H ] » - 0 . 1 6 ) and NGC 6 5 5 3 ([ F e / H ] = + 0 . 0 4 ) 

a c c o r d i n g t o F r o g e l e t a l . ( 1 9 8 3 ) and A a r o n s o n and Mould ( 1 9 8 5 ) . We 

a l s o i n d i c a t e t h e l o c a t i o n o f t h e r e d g i a n t b r a n c h f o r t h r e e g l o b u l a r 

c l u s t e r s w i t h v a r i o u s m e t a l l i c i t i e s : M92 ( [ F e / H ] = - 2 . 1 9 ) , M13 ([ F e / H ] = 

- 1 . 7 3 ) and 4 7 Tue ( [ F e / H ] = - 0 . 6 4 ) . M e t a l l i c i t i e s f o r a l l c l u s t e r s a r e 

f r o m Z i n n ( 1 9 8 0 ) . More i n f o r m a t i o n c a n b e f o u n d i n t h e p a p e r by 

A z z o p a r d i , L e q u e u x and R e b e i r o t ( 1 9 8 8 ) . Two m a i n c o n c l u s i o n s a r i s e f r o m 
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t h i s HR d i a g r a m : 

i ) The b u l g e c a r b o n s t a r s a r e o f v e r y low l u m i n o s i t y , down t o 
M b o l * 0 · 

i i ) They a r e c o o l e r on t h e a v e r a g e t h a n a l l t h e c o m p a r i s o n s t a r s , 
e x c e p t p a r t o f t h e b u l g e M g i a n t s - t o t h e e x t e n t t h a t t h e i r Μ ^ Ί and 
T e f f a r e w e l l d e t e r m i n e d - i n d i c a t i n g t h e y a r e m e t a l - r i c h and a t l e a s t 
some o f them a r e p r o b a b l y s u p e r m e t a l - r i c h a s s u g g e s t e d by t h e s t r e n g t h 
o f t h e NaD l i n e s . 

F i g u r e 2 . Log T

e f f / * % 0 i d i a g r a m f o r t h e same c a r b o n s t a r s d i s p l a y e d i n 

F i g . 1 ( f u l l d o t s ) . F o r c o m p a r i s o n we show t h e p o s i t i o n s o f M g i a n t s 

i n B a a d e ' s window ( o p e n c i r c l e s ) , and o f r e d g i a n t s i n t h e c l u s t e r s 

NGC 5 9 2 7 (Δ) and NGC 6 5 5 3 C D ) . A l s o i n d i c a t e d a r e t h e l o c a t i o n s o f 

t h e r e d g i a n t b r a n c h e s o f t h r e e g l o b u l a r c l u s t e r s . 

The c o n v e n t i o n a l m e c h a n i s m f o r c a r b o n s t a r f o r m a t i o n , d r e d g e - u p o f 
c a r b o n d u r i n g t h e r m a l p u l s e s on t h e a s y m p t o t i c g i a n t b r a n c h ( I b e n and 
R e n z i n i , 1 9 8 3 : A a r o n s o n and Mould , 1 9 8 5 ) c a n n o t a c c o u n t f o r t h e s e o b -
j e c t s . T h e i r C and C e n r i c h m e n t may come f r o m m a s s t r a n s f e r i n a 
b i n a r y s y s t e m , b u t a l s o i s p o s s i b l y due t o a n o t h e r p r o c e s s m i x i n g a t 
t h e h e l i u m f l a s h o r t h e l o w e r a s y m p t o t i c g i a n t b r a n c h ( L l o y d E v a n s , 1 9 8 5 ) . 
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