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Abst rac t . A s t a r showing ex t r eme features character is t ic of t he Ba I I s t a r s h a s been found in the old 
open cluster N G C 2420. A new co lour -magn i tude d i a g r a m h a s been cons t ruc ted for the cluster , a n d 
a dis tance m o d u l u s of 11 ̂ 7 is ob t a ined by fitting the unevolved ma in sequence t o the zero-age ma in 
sequence. T h e locat ion of t he Ba I I s t a r is consistent wi th its be ing a disc p o p u l a t i o n s ta r of abso lu te 
magn i tude Mv= — 0 ^ 3 , m a s s 1.4 MQ a n d age 2.4 x 10 9 yr. 

T h e Ba II s t a r s were first r ecogn ized a s a class by B i d e l m a n a n d K e e n a n (1951) because 
o f t he e n h a n c e m e n t , o n low d i spe r s ion spec t ra of fea tures such as C N , C H , a n d C 2 

b a n d s , a n d Sr n a n d B a H l ines . N o r m a l l u m i n o s i t y i n d i c a t o r s for G a n d K s tars such 
a s t h e X 4215 C N b a n d , a n d t h e X 4077 l ine o f Sr n c a n h a v e s t r eng th s s imi la r t o t h o s e 
in supe rg i an t spec t r a , b u t B i d e l m a n a n d K e e n a n recognized t h a t o t h e r fea tures suggest 
l uminos i t i e s c loser t o g i an t s ta rs . W a r n e r (1965) a n d Eggen (1972) s u m m a r i z e t h e 
ava i l ab le d a t a o n i nd iv idua l B a n s ta rs for w h i c h s o m e e s t i m a t e of a b s o l u t e m a g n i t u d e 
c a n be o b t a i n e d f r o m H a n d K emiss ion w i d t h s , t r i g o n o m e t r i c pa ra l l axes etc . T h e s e 
e s t ima tes p lace t h e B a n s t a r s , o n t h e ave rage , s l ight ly m o r e l u m i n o u s t h a n t h e n o r m a l 
G a n d K g ian t s of l u m i n o s i t y class I I I . A recen t d e t e r m i n a t i o n o f t h e a b s o l u t e m a g n i 
t u d e of t he B a ii s t a r s a s a c lass h a s been m a d e b y M a c C o n n e l l et al. (1972) w h o 
o b t a i n e d a m e a n m a g n i t u d e o f Mv = — 0™4 f r o m ana lys i s o f t h e p r o p e r m o t i o n s o f a 
s a m p l e of 120 s ta r s , m o s t of w h i c h h a v e been d i scovered recen t ly o n M i c h i g a n objec
t ive p r i s m p la tes . T h i s d e t e r m i n a t i o n aga in p laces t h e Ba n s ta rs j u s t s l ight ly b r igh te r 
t h a n the n o r m a l K g ian t s . 

T h e o r ig in of t h e pecu l ia r i t i e s of t he Ba ii s t a r spec t r a h a s b e e n t h e subject of s tudy 
o f several a u t h o r s w h o h a v e ca r r i ed o u t cu rve of g r o w t h ana lyse s o n h igh d i spers ion 
spec t ra of a few of t h e b r i g h t e r example s . B u r b i d g e a n d B u r b i d g e (1957) a n d W a r n e r 
(1965) c o n c l u d e t h a t c a r b o n a n d t h e S p rocess e l emen t s a r e o v e r a b u n d a n t . T h i s indi 
ca tes t h a t heavy e l e m e n t s were synthes ized in t h e i n t e r io r s o f t h e s ta rs whe re t h e 
n e u t r o n c a p t u r e p r o c e s s c a n o c c u r , a n d in s o m e w a y m i x e d t o t h e surface in a n ad
vanced s tage o f e v o l u t i o n , p e r h a p s d u r i n g t h e c a r b o n b u r n i n g s tage . W a r n e r (1965) 
conc ludes t h a t th i s p roces s p r o b a b l y o c c u r s in i n t e r m e d i a t e d i sc p o p u l a t i o n s ta rs of 
m a s s r a n g e 1-4 Af Q . E g g e n (1972) e s t ima tes f r o m t h e space m o t i o n s o f t h e B a n s ta r s , 
t h a t t hey b e l o n g t o t h e o ld d i sc p o p u l a t i o n a n d h a v e m a s s e s o f 1 t o 1 . 5 M 0 . 

I n o r d e r t o d e t e r m i n e a n a b s o l u t e m a g n i t u d e m o r e d i rec t ly , a n d t o p i n p o i n t m o r e 
accura te ly t h e t y p e of s te l lar p o p u l a t i o n t o w h i c h a class o f s t a r be longs , it is a lways 
f avou rab l e t o find a c lus te r t h a t c o n t a i n s a s t a r of t h e c lass . A B a n s t a r t h a t , in fact , 
shows ex t r eme e n h a n c e m e n t o f t h e fea tures pecu l i a r t o th i s c lass h a s been f o u n d by 
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t h e a u t h o r in t h e o ld o p e n c lus te r N G C 2420. T h i s is s t a r ' X ' in W e s t ' s (1967) n u m 
b e r i n g sys tem for t h e c lus ter . T h e s p e c t r u m of th i s s t a r is s imi la r t o t h a t o f H D 24035 
i l l u s t r a t ed by M a c C o n n e l l et al. (1972) in t h a t t h e c a r b o n fea tures a r e s t r o n g e r t h a n 
in m o s t B a II s ta rs a n d t h e C 2 X 4137 b a n d is qu i t e visible. T h e s t r e n g t h o f t h e B a II X 4554 
l ine w o u l d l ikely p lace t h e s t a r in W a r n e r ' s m o s t e x t r e m e g r o u p (Ba 5). 

P h o t o g r a p h i c p h o t o m e t r y h a s been d o n e o n s ta rs w i t h i n a 5 ' r a d i u s o f t h e c lus te r 
c en t e r o n 5 B a n d 4 V p l a t e s t a k e n w i t h t h e Y a l e 1-m te lescope . A p h o t o e l e c t r i c 
s equence of 40 s ta rs a l r e a d y exis ted for t he c lus ter d u e t o p h o t o m e t r y by A r p (see 
W e s t , 1967) a n d S a r m a a n d W a l k e r (1962). T w e n t y - f o u r o f these s ta r s h a v e been 
r e o b s e r v e d pho toe lec t r i ca l ly a n d t w o s ta r s have been a d d e d t o t h e fa in t e n d of t h e 
s equence f rom UBV p h o t o m e t r y o n t h e K i t t P e a k 50-in. t e l escope . 

T h e resu l t ing c o l o u r m a g n i t u d e d i a g r a m is s h o w n in F i g u r e 1. T h e p r o p e r m o t i o n 
s tud ies b y C a n n o n a n d L l o y d (1970) a n d van A l t e n a an J o n e s (1970) h a v e been used 

1.0 1.2 

B - V 
Fig. 1. T h e co lour -magni tude d i ag ram of the open cluster N G C 2420 ( / » = 198°, b11 = 20°) from 

p h o t o g r a p h i c pho tome t ry of 9 Yale 1-m telescope plates . T h e Ba n s tar is the brightest 
a n d reddest s tar on the d iag ram. 
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t o e l im ina t e n o n - m e m b e r s . C a n n o n a n d L l o y d ' s p la tes e x t e n d e d t o ~ 1 5 . 7 V m a g n i 
t u d e , so be tween th i s l imi t a n d t h e faint l imi t o f t h e p h o t o e l e c t r i c s equence , all s ta rs 
for w h i c h iris p h o t o m e t r y c o u l d be d o n e a re p l o t t e d in F i g u r e 1. T h e B a II s ta r is t he 
b r igh te s t a n d r eddes t s t a r o n t h e d i a g r a m . T h e r e a r e t h r e e o t h e r b r i g h t s t a r s in t he 
s a m e reg ion of t he d i a g r a m , a n d t h e b lues t o f these a l so a p p e a r s t o h a v e pecu l i a r l ine 
s t r eng ths . I t is poss ib le t h a t it m a y b e a m a r g i n a l Ba n s t a r s imi la r t o t h o s e l is ted in 
T a b l e I I o f M a c C o n n e l l et ah (1972). T h e Ba II l ine a t 4554 is n o t vis ible in i ts s p ec t ru m 
a l t h o u g h the Sr n A 4077 l ine is very s t r o n g . 

S t a r X , t h e e x t r e m e B a II s t a r h a s a p r o p e r m o t i o n t h a t is c lose t o t h e c lus te r p r o p e r 
m o t i o n b u t n o t qu i t e c lose e n o u g h t o say t h a t it is a m e m b e r o n th i s bas i s . T o check 
fu r the r o n m e m b e r s h i p , spec t r a a t 78 A m m " 1 were t a k e n o n t h e K i t t P e a k 2 -m tele
s c o p e of 3 o f t h e 4 b r igh te s t s t a r s in F i g u r e 1. T h e Ba n s ta r ve loc i ty f r o m the best 
p l a t e agrees well w i th t h e veloci ty o f t h e o t h e r t w o b r igh t s t a r s , b o t h o f w h i c h lie very 
c lose t o the c lus ter cen te r a n d a r e difinite m e m b e r s o n t h e bas i s o f p r o p e r m o t i o n . 
T h e veloci t ies of these s t a r s fall w i th in t he r a n g e 8 6 - 9 6 k m s " 1 . W i t h such a la rge 
veloci ty , th i s l o w - s p r e a d p r o v i d e s a h i g h p r o b a b i l i t y t h a t t h e B a n s t a r is a m e m b e r . 
A second p o o r e r e x p o s u r e of t h e B a n s p e c t r u m gives a ve loc i ty of 134 k m s " 1 , b u t 
t h i s h ighe r va lue m a y be d u e t o t h e qua l i t y of t h e p la te . T h e m e a n e r r o r in veloci ty pe r 
p l a t e , however , is o n l y ~ 5 k m s " 1 so t h e poss ib i l i ty exis ts t h a t t h e r e is a t r u e va r i a t ion . 

A r p ' s pho toe l ec t r i c s equence revea led a r a t h e r la rge u l t r av io l e t excess for an o p e n 
c lu s t e r ; b(U—B)= + 0 T 0 9 . P h o t o e l e c t r i c p h o t o m e t r y by the a u t h o r conf i rms th i s 
l a rge excess, a n d in a d d i t i o n n a r r o w b a n d p h o t o m e t r y o n t h e D D O p h o t o m e t r i c sys tem 
(defined by M c C l u r e a n d v a n d e n B e r g h , 1968) s h o w s t h a t t h e K s ta r s in t h e c l u m p of 
t h e g i an t b r a n c h have w e a k C N b a n d s , such as o n e w o u l d expec t for m e t a l w e a k s ta rs . 

W e s t (1967) h a s d i scussed t h e r e d d e n i n g o f t h e c lus te r a n d c o n c l u d e s o n t h e bas is 
o f t h e UBV p h o t o m e t r y of t h e p h o t o e l e c t r i c sequence s t a r s t h a t t h e r e d d e n i n g is very 
s m a l l . H e uses a va lue of E(B— V) = 0™0\. T h e r e d d e n i n g c a n a l so be d e t e r m i n e d 
f r o m D D O p h o t o m e t r y u s ing t h e m e t h o d desc r ibed by M c C l u r e a n d R a c i n e (1969). 
A g a i n , t he r e d d e n i n g a p p e a r s t o be negl ig ible , a n d n o r e d d e n i n g c o r r e c t i o n s have been 
a p p l i e d here . 

In o r d e r t o o b t a i n a d i s t ance for t h e c lus ter , an a t t e m p t h a s been m a d e t o fit t h e 
m a i n sequence t o t he ze ro -age m a i n sequence (Tab l e 1 of E g g e n , 1965). C o r r e c t i o n s 
h a v e been m a d e to t he m a i n s equence for l ine b l a n k e t i n g effects sugges ted by Wi ldey 
etal. ( 1 9 6 2 ) f o r a n u l t rav io le t excess o f d (U—B)06= -fO.09. Af te r these co r rec t ions t he 
m a i n sequence fitting resu l t s in a d i s t ance m o d u l u s o f 11T7 for t h e c lus ter . T h i s p laces 
t h e c lus te r a t a d i s t ance o f 2200 p c , a n d because of i ts h i g h ga lac t i c l a t i t u d e of 20° it is 
l o c a t e d m o r e t h a n 800 p c a b o v e t h e ga lac t i c p l a n e . I t w a s th i s l a rge d i s t ance f r o m the 
p l a n e t h a t led v a n d e n B e r g h (1958) t o c o n c l u d e t h a t th i s w a s p r o b a b l y a very o ld 
c lus te r . 

T h e h igh ga lac t ic l a t i t u d e a n d r e m o t e n e s s of t he c lus te r p r o v i d e s fu r the r ev idence 
in f avou r of t he m e m b e r s h i p of t h e B a II s tar . M a c C o n n e l l et al. (1972) e s t i m a t e t h a t 
a b o u t 1% of G a n d K g i a n t s in t h e so la r n e i g h b o r h o o d a r e B a n s ta r s . In o r d e r t o 
inves t iga te t he p r o b a b i l i t y of finding a red g ian t s ta r of th i s b r igh tness wi th in the a r ea 
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of t h e c lus ter , iris p h o t o m e t r y w a s d o n e (by M r T. F o r r e s t e r ) o n a field cen te red 0?5 
s o u t h of t h e c lus ter , a n d of a r e a 1.5 t i m e s t he a r e a of t h e c lus te r p h o t o m e t r y . N o s ta rs 
w e r e f o u n d in th is a r ea w i t h B-V>0t?70 a n d K < 1 2 ™ 9 . C o m b i n i n g th i s fact w i t h 
t h e e s t i m a t e t h a t 1% of G a n d K»giants a r e B a n s ta rs l eads t o t h e c o n c l u s i o n t h a t t h e 
p r o b a b i l i t y of s t a r X be ing a field s t a r is negl igible . 

T h e der ived d i s tance m o d u l u s o f t h e c lus te r p laces t h e B a II s t a r a t a n a b s o l u t e m a g 
n i t u d e of Mv = - 0 T 3 , in f o r t u i t o u s a g r e e m e n t w i t h t h e m e a n m a g n i t u d e der ived by 
M a c C o n n e l l et al. (1972) for t h i s c lass . T h e N G C 2420 c o l o u r - m a g n i t u d e d i a g r a m 
c a n b e conve r t ed t o t he l o g L vs log T e f f p l a n e a n d fitted t o t h e t heo re t i c a l i s o c h r o n e s 
c o m p u t e d recent ly b y D e m a r q u e a n d Gis le r (1972). T h i s resu l t s in a n age d e t e r m i n a 
t i o n of 2.4 x 1 0 9 yr ( a s s u m i n g a c h e m i c a l c o m p o s i t i o n o f 7 = 0 . 2 5 a n d Z = 0 . 0 1 ) a n d 
a m a i n sequence turn-of f m a s s o f 1 . 4 M 0 . T h i s a p p e a r s t o conf i rm E g g e n ' s (1972) 
c o n c l u s i o n t h a t t h e Ba II s t a r s a r e o l d disc s ta rs of 1 t o 1.5 MQ. 
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D I S C U S S I O N 

Keenan: T h e recogni t ion of a b a r i u m s ta r in a cluster a n d its luminos i ty classification a re very exciting! 
D o e s it no t a p p e a r n o w tha t the re is a g r o u p of these b a r i u m - c a r b o n s t a r s? 

McClure: Yes . Pe rhaps all old disc s t a r s go t h r o u g h this s tage in their evolu t ion . 
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