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Abstrac t . A new ca l ib ra t ion of Hy equivalent widths is presented . Unl ike Pet r ie ' s m e t h o d , the new 
ca l ibra t ion does no t requi re a n es t imate of the luminosi ty class o r spectral type of the star . A brief 
c o m p a r i s o n with o the r ca l ib ra t ions is m a d e . 

T h i s p a p e r briefly descr ibes a n inves t iga t ion o f t h e Hy c a l i b r a t i o n recen t ly c o m p l e t e d 
in c o l l a b o r a t i o n wi th M r L . B a l o n a o f W i t w a t e r s r a n d Unive r s i ty . 

A l t h o u g h Pe t r i e ' s (1965) c a l i b r a t i o n of Hy equ iva l en t w i d t h s a p p e a r e d t o give 
c lus te r d i s tance m o d u l i in g o o d a g r e e m e n t wi th t h e p h o t o m e t r i c a l l y - d e t e r m i n e d 
m o d u l i , Pe t r i e h imse l f n o t e d t h a t t he re was a difference of + 1 . 3 m a g , be tween his 
c a l i b r a t i o n a n d the M K ( B l a a u w , 1963) ca l i b r a t i on for 0 6 - 8 s ta r s a n d + 0 . 6 m a g . for 
0 9 - B 2 m a i n sequence s ta rs . T h e s e differences led us t o r e - examine Pe t r i e ' s c a l i b r a t i on 
a n d to r econs t ruc t a n e w c a l i b r a t i o n based o n m o r e extens ive d a t a . 

W e used Pe t r i e ' s H y equ iva l en t w i d t h s ( W) of s ta rs in t he P l e i ades , a Per , Or i O B I 
a n d Pe r O B I , s u p p l e m e n t e d b y o u r m e a s u r e m e n t s o f W in N G C 3293 , N G C 4755 , 
I C 2944, Sco -Cen a n d h Per . T h e Sco -Cen d a t a p r o v i d e s a be t t e r o v e r l a p be tween t h e 
a P e r a n d Or i O B I s e q u e n c e s ; t h e ex tens ion of t h e o b s e r v a t i o n s in h P e r t o fa in ter 
s t a r s a n d the a d d i t i o n o f N G C 3293 a n d N G C 4755 s t r e n g t h e n e d t h e ear ly B a n d 
s u p e r g i a n t c a l i b r a t i ons a n d t h e s u b s t i t u t i o n of I C 2944 for M o n O B I (used by 
Pe t r ie ) i m p r o v e d the O s ta r c a l i b r a t i o n . T h e ca l i b r a t i on w a s ca r r i ed o u t i n d e p e n d e n t l y 
b y e a c h o f us us ing s l ight ly different d a t a ; L . B a l o n a (L . B.) p re fe r red t o co r rec t e ach 
s t a r ind iv idua l ly for a b s o r p t i o n whi le D . C r a m p t o n ( D . C. ) used m e a n c lus ter a b s o r p ­
t i o n whereve r poss ib le (R = 3 w a s a s s u m e d ) . T h e S c o - C e n d a t a w a s n o t used by D . C 
e i ther . 

Pe t r i e d e m o n s t r a t e d t h a t t h e r e l a t i o n s h i p be tween t h e a b s o l u t e m a g n i t u d e , A/, a n d 
Wis l i t t le affected by s te l la r r o t a t i o n o r m o d e r a t e age effects so t h a t M is p r imar i ly a 
func t ion o f W w i t h a s l ight d e p e n d e n c e o n t h e spec t ra l t ype , S. I n s t e a d of a d o p t i n g , 
a s Pe t r i e d id , ' spec t r a l - type c o r r e c t i o n s ' wh ich differ for class V - I I s t a r s a n d for class 
I s t a r s we a d o p t e d a m e t h o d w h i c h a l lows a s m o o t h v a r i a t i o n w i t h l u m i n o s i t y class , 
L , a n d subs t i tu t ed W i tself as a q u a n t i t a t i v e e s t ima te of L. I n e a c h c lus te r cu rves of 
c o n s t a n t S we re d r a w n in t h e V0—W d i a g r a m a n d V0 w a s c h a n g e d re la t ive t o t h e 
P le iades t o ensu re t h e bes t c o n t i n u a t i o n of t h e curves . T h i s gives t h e d i s t ance m o d u l i 
w i t h respec t t o t h e P le i ades for e a c h c lus ter a n d we dec ided t o a d o p t 5.55 m a g . a s t h e dis­
t a n c e m o d u l u s o f t he P le iades . T h e resu l t ing d i s t ance m o d u l i a r e given in t he s econd 
c o l u m n of T a b l e I. 

F o r W<\6 it was f o u n d e m p i r i c a l l y t h a t t he i n t e r p o l a t i o n f o r m u l a 

M = a + b l o g 1 0 W 

fitted the d a t a for a given S very well . W e exper ienced c o n s i d e r a b l e difficulty, however , 
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T A B L E I 

Di s t ance m o d u l i de te rmined for clusters 
used in the ca l ibra t ion 

Cluster D i s t ance m o d u l u s Dis tance m o d u l u s N o . of 
f rom fitting from ca l ib ra t ion s tars 
p rocedure 

Pleiades 5.55 5.53 ± 0 . 0 8 17 
a Per 6.20 6.21 ± 0 . 0 7 27 
Sco-Cen 6.45 6.49 ± 0 . 0 7 65 
Ori O B I 8.15 8.12 ± 0 . 0 7 43 
h & / P e r 11.45 11.46 ± 0 . 0 7 56 
N G C 4755 11.85 11.75 ± 0 . 0 8 22 
N G C 3293 12.35 12.32 ± 0 . 0 9 23 
I C 2944 12.00 12.04 ± 0 . 1 1 21 

in a t t e m p t i n g to fit a s m o o t h c o n t i n u o u s curve t h r o u g h the va r i a t i on of the co ­
efficients a a n d b w i t h S. T w o so lu t i ons were a d o p t e d ; (1) t w o cu rves were der ived for 

a V iz ; a = - 21.82 + 1.949S - 0 . 0 6 9 6 S 2 5 > 14 
a = - 9.28 + 0 .2575 - 0 . 0 1 3 3 S 2 5 ^ 1 4 
b= 10.40 - 0 .537S + 0 . 0 2 6 S 2 , 

w h e r e 5 = 6 a t 0 6 a n d inc rease by un i t y for e ach la te r spec t ra l subc lass r e a c h i n g 
5 = 2 3 a t A 3 a n d (2) (B— V)0 w a s subs t i t u t ed for 5 a n d a n i n d e p e n d e n t r e l a t ion 
be tween M a n d W w a s f o u n d : 

Mv = - 9.72 - 7 . 1 8 ( 5 - V)0 + 9.88 l o g 1 0 W + 9 . 6 6 ( 5 - V)0 l o g 1 0 W 

( W <\4A \ 
\(B-V)o<0)' 

T h e t w o c a l i b r a t i o n s a r e , o f cou r se , n o t ident ica l bu t t h e differences a r e smal l , 
pa r t i cu la r ly for m a i n s e q u e n c e s ta r s . T h e m e a n difference b e t w e e n ca l i b r a t i ons 1 a n d 
2 is —0.04 m a g . w i t h a d i spe r s ion of 0.2 m a g . I t s h o u l d be n o t e d t h a t for m o s t s tars 
(B— V)0 c an b e de r ived f r o m t h e UBV c o l o u r s a l o n e a n d t h e n n o k n o w l e d g e of t h e 
spec t ra l t y p e is r e q u i r e d t o use c a l i b r a t i o n 2. 

T h e m e a n d i s t ance m o d u l i , der ived f rom the t w o c a l i b r a t i o n s , o f t h e c lus ters used 
in t he c a l i b r a t i o n a r e l is ted t h e t h i r d c o l u m n of T a b l e I . T h e d i s t ance m o d u l i a re in 
g o o d a g r e e m e n t w i t h t h o s e f r o m o t h e r recent d e t e r m i n a t i o n s w i t h t h e excep t ion of 
Sco -Cen for w h i c h a va lue o f 6.0 is m o r e u sua l . T h e r e is c o n s i d e r a b l e sca t te r a m o n g 
t h e d i s t ance m o d u l i o f t h e i nd iv idua l m e m b e r s of th i s g r o u p b u t t h e r ea son for t h e 
difference be tween o u r d e t e r m i n a t i o n a n d t h e o t h e r s is n o t u n d e r s t o o d . T h e ave rage 
d i spers ion in a b s o l u t e m a g n i t u d e a b o u t t h e c a l i b r a t i o n r anges f r o m 0.3 m a g . for la te 
B m a i n sequence s ta r s t o 0.6 m a g . for O , ear ly B a n d s u p e r g i a n t s t a r s ; t he m e a n dis­
pe r s ion for all s ta rs is 0.5 m a g . 

T h e difference b e t w e e n t h e a b s o l u t e m a g n i t u d e der ived f r o m Pe t r i e ' s c a l i b r a t i on 
a n d t h a t f rom ca l i b r a t i on 1 is s h o w n p lo t t ed as a func t ion of spec t ra l t ype in F igu re 1. 

https://doi.org/10.1017/S0074180900055169 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055169


122 D.CRAMPTON 

A M (mag) 

(PT-CAL I) 

+ 2 

+ I 

+ CLASS 3Z" 
x CLASSES i -nr 

H i ' M i l l 
x x 

K x 

I I I I I I I I I I I I I I I I I I I i 
0 6 07 08 09 BO Bl B2 B3 B4 B5 B6 B7 B8 B9 AO Al A2 A3 

Spectral Type 

Fig. 1. Difference between the abso lu te m a g n i t u d e derived f rom Pet r ie ' s ca l ib ra t ion a n d cal ibrat ion 
1 vs spectral type. 

I t m a y be readi ly seen t h a t t h e a b s o l u t e m a g n i t u d e s der ived f r o m t h e new ca l i b r a t i on 
a r e u p t o 1 m a g . b r igh t e r for t h e O s t a r s b u t t he a g r e e m e n t is su rp r i s ing ly g o o d for all 
o t h e r spec t ra l types . 

A p re l imina ry c o m p a r i s o n w i t h t h e M K ca l ib r a t i on t a b u l a t e d by B l a a u w (1963) 
b a s e d o n a la rge n u m b e r of s t a r s w i th m e a s u r e d W i nd ica tes t h a t o u r ca l i b r a t i on is 
( 1 ) ~ 0 . 4 m a g . fa inter t h a n t h e M K ca l i b r a t i on for class I I I - V s t a r s ear l ie r t h a n B2 , 
(2) a b o u t - 0 . 3 m a g . b r i gh t e r for B 3 - 6 class V s ta rs , a n d (3) b r i gh t e r for the super ­
g i an t s ear l ier t h a n B3 ( o u r c a l i b r a t i o n gives Mv~ —7.0 for all B 0 - A 1 class l a s tars) . 
W e a r e in excellent a g r e e m e n t wi th t h e recent ca l ib ra t ion given by W a l b o r n (1972) for 
s t a r s of spect ra l t ype ear l ie r t h a n B 3 . 

I n s u m m a r y , we h a v e i m p r o v e d Pe t r i e ' s ca l ib ra t ion , pa r t i cu l a r ly for t he O s ta rs , 
a n d h a v e devised a new m e t h o d of ca l i b r a t i on w h i c h d o e s n o t r e q u i r e a n e s t ima te of 
t h e l u m i n o s i t y class of t h e s t a r o r i ts spect ra l t ype in o r d e r t o d e t e r m i n e its ab s o l u t e 
m a g n i t u d e . 
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D I S C U S S I O N 

Van den Bergh: Cou ld the grey abso rb ing shells tha t S t r o m a n d o the rs have recently found a r o u n d 
faint young s tars have affected the m a i n sequence fitting used for y o u r ca l ib ra t ion of br ight s tars in 
very young clusters? I n par t icu lar might this effect account for the observed discrepancy between the 
new dis tance m o d u l u s of Sco rp io -Cen tau rus and previous values ob ta ined from p r o p e r m o t i o n s ? 
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Crampton: I n mos t of the clusters we used this effect is p robab ly negligible. Howeve r , the systematic 
e r r o r in Petr ie ' s ca l ib ra t ion for t he O s t a r s m a y be pa r t ly d u e to such a n effect in N G C 2244 .1 would 
n o t expect the effect t o be large in the s ta rs we observed in Scorp io -Cen tau rus . 

Newell: Are all your spect ra exposed for radial velocities and , if so , a re they no t t o o dense for the 
de te rmina t ion of spec t ropho tome t r i c quant i t i es? 

Crampton: Hy measu remen t s a r e on ly m a d e o n spec t ra which a re , in fact, su i table for spec t ropho to ­
me t ry but , in general , the plates a r e no t t o o dense. 

Jones: Cou ld you c o m m e n t o n the fact tha t while you place Sco rp io -Cen tau rus 0™65 further away 
t h a n I d o , you find cor rec t ions t o main-sequence B s tars in exact ag reemen t? 

Crampton: T h e reason for th is is no t immedia te ly obvious , however , m e m b e r s of the Scorp io-
C e n t a u r u s associa t ion have very little weight in the de te rmina t ion of the m e a n abso lu te magn i tude . 
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