
L U M I N O S I T Y C A L I B R A T I O N O F G I A N T S A N D 

S U P E R G I A N T S , G 0 - M 5 

B. Hauck and B. E. Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 68-77. 
All Rights Reserved. Copyright © 1973 by the IAU. 

P H . C. K E E N A N * 

Perkins Observatory, The Ohio State and Ohio Wesleyan Universities, Ohio, U.S.A. 

Abstrac t . Ca l ib ra t ion curves giving Mv for s ta rs of luminosi ty classes I I I , I I , l b , l a b a n d 0 a r e derived 
a n d s h o w n graphical ly in t he H R d i a g r a m . T h e r e a re ser ious gaps in wh ich the ca l ib ra t ion needs to 
b e improved . 

T h e luminos i ty ca l i b r a t i ons t h a t I h a v e t o discuss he re d o n o t invo lve a n y n e w m e t h o d s 
of e s t ima t ing abso lu t e m a g n i t u d e s . T h e y d o , however , m e e t t h e c o n d i t i o n t h a t v i r tua l ly 
all t h e s ta rs inc luded h a d the i r spec t ra l classif ication c h e c k e d o r revised by in ter-
c o m p a r i s o n of a nea r ly u n i f o r m set of s p e c t r o g r a m s . T h e t w o m a i n r e a s o n s for i m p o s ­
i n g th is r e q u i r e m e n t w e r e : 

(1) T h e need t o c o m e as c lose a s we c a n t o e l imina t ing s ta r s w i t h spec t ra l pecul ia r i ­
t ies , w h i c h can sys temat ica l ly affect b o t h t e m p e r a t u r e t ypes a n d l u m i n o s i t y classes. 
T h e resu l t ing ca l i b r a t i on is l imi t ed t o s ta rs of r o u g h l y so l a r c o m p o s i t i o n . 

(2) T h e des i rabi l i ty of r e d u c i n g s ta t is t ical co r r ec t i ons by m a k i n g t h e va r i ances 
w i t h i n e a c h g r o u p as smal l a s poss ib le . 

T h e t ab le of revised s t a n d a r d types for t h e s ta rs is g iven in a review ar t ic le o n classi­
fication by M a r g o n a n d K e e n a n (1973) . 

1. C l a s s I I I - G i a n t s 

F o r t h e m a i n g ian t b r a n c h t h e ca l i b r a t i on of l uminos i t y classes in t e r m s of visual 
a b s o l u t e m a g n i t u d e s w a s b a s e d o n m e a n t r i g o n o m e t r i c pa ra l l axes , u s i n g t h e m e t h o d of 
r e d u c e d pa ra l l axes (Russe l l a n d M o o r e , 1938). A s far as poss ib le t h e class I I I s ta rs 
w e r e s e p a r a t e d i n t o t h e t h r e e subc lasses I l i a , I l l b , I l l a b , a n d t h e I l i a a n d I l l b s ta rs 
w e r e n o t u sed in t h e ca l i b r a t i on . T h e s ta rs t h a t co u ld be re jec ted a s definitely b r igh te r 
t h a n t h e cen t ra l g i an t b r a n c h , a n d , hence , classified as I l i a o r I l l b w e r e a m i n o r i t y of 
t h e g ian t s , for all doub t fu l l cases w e r e r e t a i n e d a n d classified a s m e r e l y class I I I . 
T h i s a t least served t o e l imina t e d i s t o r t i o n of t h e m e a n s b y such s t a r s as jS G e m , wi th 
i ts very b r igh t a p p a r e n t m a g n i t u d e , w h i c h w o u l d d o m i n a t e a n y we igh t ed m e a n . F r o m 
severa l g o o d s p e c t r o g r a m s /? G e m c o u l d b e classified a s KO I l l b , a n d t h e la rge 
t r i g o n o m e t r i c pa ra l l ax of + 0 ' ' 0 9 3 gives t h e g o o d va lue of + 1 . 0 for Mv. By c o m p a r i s o n 
w i t h F i g u r e 1 it is ev iden t t h a t w i t h g o o d s p e c t r o g r a m s o n e c a n j u s t de tec t a l uminos i ty 
difference of a b o u t a ha l f m a g n i t u d e in K - t y p e g ian t s . 

By us ing on ly s ta rs b r i g h t e r t h a n t h e fifth visual m a g n i t u d e i t w a s poss ib le t o der ive 

* Visit ing As t ro n o mer , C e r r o To lo lo In t e r -Amer ican Obse rva to ry , which is ope ra t ed by the Asso­
cia t ion of Universit ies for Research in A s t r o n o m y , Inc . , u n d e r con t r ac t wi th the Na t iona l Science 
F o u n d a t i o n . 
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sa t i s fac tory va lues of < M y > in sp i te of t he smal l s a m p l e s - a v e r a g i n g 12 o r 13 s ta rs for 
e a c h g r o u p . N o t all t h e el igible s t a r s b r igh te r t h a n K = 5 . 0 h a v e b e e n re-classified, 
pa r t i cu l a r ly in t h e s o u t h e r n h e m i s p h e r e , a n d t h e resu l t ing i m c o m p l e t e n e s s fac tor so 
nea r ly b a l a n c e d t h e M a l m q u i s t c o r r e c t i o n t h a t t h e l a t t e r c o u l d b e o m i t t e d except for 
t h e last g r o u p ( M 1 - M 2 ) . M o s t of these M - s t a r s w e r e fa in ter t h a n K = 4 . 5 , a n d a 
c o r r e c t i o n of + 0 . 2 m a g . w a s e s t i m a t e d a n d app l i ed t o th is g r o u p . T h e genera l co r rec t ion 
< M > - M ( M n } ) = 5 « l o g 7 i > - l o g < 7 r » r a n g e d f r o m - 0 . 2 t o - 0 . 7 m a g . 

G o o d a r g u m e n t s c a n b e a d v a n c e d for p re fe r r ing e i ther we igh t ed o r u n w e i g h t e d 
m e a n s . I n t he p lo t s of g r o u p m e a n s in F i g u r e 1 b o t h so lu t ions a r e given, a n d in t h e 
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Fig. 1. Ca l ib ra t ion of giants by mean t r igonomet r ic para l laxes . S tars with V< 5.0. 

final ca l i b ra t i on t h e t w o sets w e r e ave raged . T h e t w o enc i rc led p o i n t s r ep re sen t d i rec t 
u n w e i g h t e d m e a n s of t h e a b s o l u t e m a g n i t u d e s for t h e g r o u p s in w h i c h n o nega t ive 
pa ra l l axes occu r r ed . A l t h o u g h the i r a l m o s t exac t a g r e e m e n t w i th t h e m e a n p a r a l l a x 
so lu t ions m u s t b e f o r t u i t o u s , it seems ev iden t t h a t n o se r ious sys t ema t i c e r ro r w a s 
invo lved in t h e c o r r e c t i o n s a p p l i e d t o t h e la t ter . 

T h e z igzag p a t t e r n in F i g u r e 1 is d u e , of cou r se , t o t h e smal l size of t h e samples , a n d 
t h e r e seems t o be n o r e a s o n n o t t o d r a w a s m o o t h cu rve t h r o u g h t h e b a n d of p o i n t s . 
T h i s was d o n e t o give t h e final c a l i b r a t i o n of class I I I in F i g u r e 6. F r o m t h e dev ia t ions 
of t h e g r o u p m e a n s f r o m th i s c u r v e t h e m e a n e r r o r of t h e s m o o t h e d r e l a t i on is 0.27 m a g . 
f r o m the u n w e i g h t e d m e a n s a n d 0.17 m a g . f rom the we igh t ed ones . 

T h e choice of t r i g o n o m e t r i c pa ra l l axes t o ca l ib ra te class I I I w a s n o t m a d e t o d is -
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p a r a g e t he va lue of s ta t is t ical pa r a l l axes , b u t I felt it des i r ab le t o h a v e th i s i n d e p e n d e n t 
so lu t i on t o p e r m i t c o m p a r i s o n w i t h t h e luminos i t i es de r ived f rom r a d i a l veloci t ies a n d 
p r o p e r m o t i o n s . In F i g u r e 2 t h e n e w luminos i t ies a r e p l o t t e d aga ins t t h e va lues f o u n d 
b y J u n g (1970) for t he s t a r s in t h e Yale Catalogue of Bright Stars. T h e d a s h e d l ine h a s a 
45° s lope . N o m a r k e d sys t ema t i c difference is p r e s en t b u t J u n g ' s final a d o p t e d va lues 
w e r e n o t s m o o t h e d as m u c h as m i n e , a n d his g r o u p s m e a n s s h o w g rea t e r osc i l la t ions , 
pa r t i cu l a r ly a t K l , w h e r e h e o b t a i n e d a l uminos i ty l o w e r b y 0.6 m a g . O f cour se , 
ne i t he r t h e s a m p l e p o p u l a t i o n n o r t h e b r e a d t h of t h e b a n d of g i an t s a v e r a g e d w a s t h e 
s a m e in t h e t w o so lu t ions . Neve r the l e s s , t h e overa l l a g r e e m e n t a p p e a r e d c lose e n o u g h 
t o just i fy t h e use of J u n g ' s va lues t o e x t e n d o u r so lu t i on in F i g u r e 6 b y t h e d a s h e d l ine 
as far as t ype G 5 . 

CLASS m 
MK 

M2 

0 K l 

+ 2 h 

+2 + 1 0 

J u n g 

Fig. 2. C o m p a r i s o n of s m o o t h e d m e a n t r igonomet r ic values of Mv with J u n g ' s values derived from 
statistical paral laxes . T h e dashed line has a s lope of 45 °. 
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2 . Class II - Bright Giants 

W h e n we go a b o v e t h e g i a n t b r a n c h even t h e m e a n t r i g o n o m e t r i c pa ra l l axes b e c o m e 
t o o smal l t o be mean ing fu l . A t t h e s a m e t i m e t h e n u m b e r of well-classified s ta rs is so 
smal l t h a t o n e m u s t l u m p a n u m b e r of spec t ra l classes t o g e t h e r t o h a v e a la rge e n o u g h 
s a m p l e t o give decen t s ta t is t ica l pa ra l l axes . T h e r e is a n a l t e rna t ive m e a n s of c a l i b r a t i o n , 
however . T h e l inear r e l a t i o n b e t w e e n K- l ine e m i s s i o n w i d t h s a n d a b s o l u t e m a g n i t u d e s 
t h a t was f o u n d by O l in W i l s o n a l lows t h e va lues of Mv for c lass I I s t a r s t o be de r ived by 
i n t e r p o l a t i o n . Since his c a l i b r a t i o n (Wi l son , 1970), w a s t ied t o t h e S u n , t h e H y a d e s 
m a i n sequence a n d g i an t s , a n d t h e Pe r seus c lus ter s u p e r g i a n t s , it is i n d e p e n d e n t of t h e 
class I I s ta rs , a n d c a n the re fo re b e app l i ed t o t h e m w i t h o u t a n y c i r cu la r i ty in t h e a r g u ­
m e n t . D r Wi l son is c u r r e n t l y p r e p a r i n g a new c a t a l o g u e of K- l ine luminos i t i e s a n d 
k ind l y p r o v i d e d m e w i t h t h e rev ised d a t a for a n u m b e r o f s t a r s h a v i n g l uminos i t y 
classes nea r I I . H i s c o u d e s p e c t r o g r a m s were l imi ted for t h e m o s t p a r t of s ta rs wi th 
mv^7.0, a n d since ne i the r his s a m p l e n o r m i n e w a s c o m p l e t e for th i s r a n g e , t h e el imi­
n a t i o n of s ta rs classified H a o r l i b leaves on ly t h e few p o i n t s p l o t t e d in F i g u r e 3 for 
t h e center of t h e b r i g h t - g i a n t g r o u p a t t he p resen t t ime . T h e a p p a r e n t d i spe r s ion in t h e 
d i a g r a m is t o o g rea t t o be a c c o u n t e d for by t h e u n c e r t a i n t y in classif icat ion a lone . 

M v from Wilson K- Line Widths 
Luminosity Class II 
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Fig. 3. Luminos i t ies of class I I s tars given by K-l ine ca l ibra t ion of Wilson. 
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If w e r e g a r d t h e K- l ine emi s s ion w i d t h as a n o t h e r l u m i n o s i t y c r i t e r ion m o r e o r less 

i n d e p e n d e n t of t h e u sua l c r i t e r ia u s e d o n smal l -sca le s p e c t r o g r a m s , t h e sca t te r in 

F i g u r e 2 suggests t h a t t h e severa l c r i t e r i a d o n o t co r r e l a t e perfect ly - w h i c h is n o t 

su rp r i s ing w h e n we cons ide r t h a t t h e different spec t ro scop ic fea tu res will n o t neces­

sar i ly r e s p o n d in exac t ly t h e s a m e w a y t o ind iv idua l v a r i a t i o n s in s u c h phys ica l 

cha rac te r i s t i c s as c h r o m o s p h e r i c ac t iv i ty . O n e s t r ik ing d i s c r e p a n c y is s h o w n by t h e 

w e l l - k n o w n b r igh t g i an t £ C y g , w h i c h near ly all r ecen t obse rve r s h a v e ass igned to 

l u m i n o s i t y class I I . T h e K- l ine l u m i n o s i t y is + 1 . 1 , w h i c h w o u l d p u t it a t t h e lower 

edge of t h e g ian t b r a n c h a n d ent i re ly off t h e d i a g r a m . £ C y g d o e s h a v e a s l ight e n h a n c e ­

m e n t of Ba ii, b u t is n o t a rea l b a r i u m s t a r a n d th i s degree of pecu l i a r i ty d o e s n o t seem 

sufficient t o exp la in t h e l a rge d i s c r e p a n c y . 

I n o r d e r t o t a k e a c c o u n t of all t h e s t a r s nea r l uminos i t y class I I , a n d t h e ev idence 

f r o m m e m b e r s h i p in o p e n c lus ters a n d b i n a r y sys tems , t h e s t a r s b e t w e e n types G 8 a n d 

K 4 h a v e been g r o u p e d t o g e t h e r in F i g u r e 4. F o r t he t w o b ina r i e s n e a r l b , e Peg a n d 
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Fig . 4 . C o m p a r i s o n of K-l ine abso lu te magn i tudes with those derived from open clusters a n d b inary 
sys tems. T h e + shows the m e a n t r igonomet r i c absolu te m a g n i t u d e for class I I I , types G 8 - K 4 . 

n Pe r , t h e K- l ine l uminos i t y a n d t h a t der ived f rom t h e spec t ra l classif icat ion of t h e 
ear ly-class c o m p a n i o n h a v e been j o i n t e d by a ba r . F o r these t w o s t a r s t h e differences 
b e t w e e n the t w o m e t h o d s is in t h e o p p o s i t e sense. T h e c lass l i b , I l a b , a n d H a s ta rs in 
c lus ters , however , a p p e a r t o h a v e h ighe r luminos i t ies t h a n t h o s e g iven by t h e K- l ine 
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w i d t h s . T h e a d o p t e d m e a n c u r v e in F i g u r e 6 r ep resen t s a c o m p r o m i s e be tween t h e t w o 
sets of d a t a . A s s o o n as a sufficient b o d y of a c c u r a t e types is ava i l ab l e for class I I 
s t a r s - p e r h a p s d o w n t o V=S - i t will b e especia l ly des i r ab le t o der ive s tat is t ical 
pa ra l l axes for th i s l u m i n o s i t y r a n g e . 

3 . Classes l b , l a and O - Supergiants 

M e m b e r s h i p in g r o u p s of s t a r s a t k n o w n d i s t ances is r ecogn ized a s t h e bes t m e a n s of 

ca l ib ra t i ng t he luminos i t i e s of l a t e - type supe rg ian t s . B o t h t h e m e m b e r s h i p of ind iv idua l 

r ed s ta rs in c lus ters a n d a s soc i a t i ons , a n d t h e d i s tances t o these agg rega te s , h a v e b e e n 
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Fig . 5. Luminosi t ies of supergiants given by their m e m b e r s h i p in b ina ry sys tems, open clusters 
o r associat ions. 
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r ev iewed carefully b y S c h m i d t - K a l e r (1961), H a g e n (1970) , H u m p h r e y s (1970), 
H u m p h r e y s ^ al ( 1971 ,1972) , S c h i l d ( 1 9 7 0 ) , S t o t h e r s (1969, 1972), S t o t h e r s a n d L e u n g 
(1971) , a n d o the r s . T h e s e d a t a , c o m b i n e d w i t h o u r revised types , a re s u m m a r i z e d in 
T a b l e I . 

T h e on ly sys temat ic c h a n g e s t h a t I h a v e i n t r o d u c e d fo l lowed n a t u r a l l y t h e recogn i ­
t i o n of t he br igh tes t s u p e r g i a n t s of t h e L M C as def ining l u m i n o s i t y class 0. F o r t h e 
d i s t ance m o d u l u s of 18.6 for t h e L M C (Wesse l ink , 1971), t h e v isual a b s o l u t e m a g n i ­
t u d e s of t h e four r e d d e s t ' s u p e r - s u p e r g i a n t s ' def ined b y F e a s t a n d T h a c k e r a y (1956) 
r e m a i n in t h e r a n g e — 8.8 t o — 9.3 m a g . , very close t o the i r o r ig ina l e s t ima tes . W i t h t h e 
b r i g h t e r M - t y p e s u p e r g i a n t s in h a n d x Persei r e t a ined as def ining c lass l a b , t h e o t h e r 
c lasses of supe rg i an t s c a n b e ass igned by i n t e r p o l a t i o n . 

F8 GO G2 G8 KO K2 K3 K4 K5 MO Ml M2 M3 M4 M5 

Fig. 6. Adop ted luminosi ty mean abso lu te magni tudes for several luminos i ty classes. T h e dashed 
lines indicate extensions of lower weight . 
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M o s t of t h e best c a l i b r a t e d objec ts f r o m T a b l e I a r e p l o t t e d as a n H R d i a g r a m in 
F i g u r e 5. T w o V V Cep-c lass c lose pa i r s a r e C P D - 5 6 ° 3 5 8 6 a n d B S 8164, a n d the i r 
a b s o l u t e m a g n i t u d e s a r e f o u n d f r o m the i r B- type seconda r i e s ( K e e n a n , 1970). T h e 
p o i n t for a Sco ( M 1 - M 2 , l a b ) a l so is b a s e d u p o n t h e spec t ra l t y p e s o f i ts c o m p a n i o n 
( S t o n e a n d S t ruve , 1954; G a r r i s o n , 1967). T h e s ta r BS 5 1 7 1 , s h o w n in t h e m i d s t o f t h e 
L M C s ta rs , is t h e G - t y p e s u p e r g i a n t t o w h i c h a t t e n t i o n w a s d i r ec t ed b y H u m p h r e y s 
et al. (1971) , w h o de r ived a n a b s o l u t e m a g n i t u d e of —8.9 f r o m the i r classif icat ion of 
BO I b p for i ts visual c o m p a n i o n , u s i n g B l a a u w ' s l u m i n o s i t y c a l i b r a t i o n for t h a t t ype . 
M y type for t h e p r i m a r y c o m p o n e n t , G 8 0 - I a , agrees essent ia l ly w i t h the i r s a n d is 
b a s e d o n a s p e c t r o g r a m k ind ly l o a n e d b y D r H u m p h r e y s . S ince a va lue of Mv = — 9.0 
is o b t a i n e d if o n e uses t h e c a l i b r a t i o n of W e a v e r a n d E b e r t (1964) for B-s tars , it is 
poss ib le t h a t m y l uminos i t y class is t o o low. 

F o r near ly all t h e l a t e - type s u p e r g i a n t s b o t h t he t e m p e r a t u r e t y p e a n d t h e luminos i ty 
v a r y apprec iab ly , a n d t h e p o i n t s p l o t t e d in F i g u r e 5 a r e ave rages . T h e m o s t a c c o r d a n t 
resu l t s a r e given by the five p o i n t s for l a b s tars , wh ich c lus ter c lose t o Mv = — 5.6 over 
t h e obse rved r a n g e f rom MO t o M 3 in type . Th i s agrees w i th t h e resul t of S to the r s 
(1972) . A d d i t i o n a l p o i n t s for several l uminos i ty classes c o u l d b e a d d e d b y inc lud ing 
s t a r s in o t h e r a s soc ia t ions , bes ides OBI a n d G e m 1, b u t t h e ev idence for b o t h m e m b e r ­
s h i p a n d d i s t ance for ob jec t s a s s i g n e d t o a s soc ia t ions is so m u c h less defini te t h a n for 
s t a r s in c lusters t h a t t h e l a t t e r s h o u l d be given m u c h h ighe r we igh t in ca l ib ra t ions . 

T h e ca l ib ra t i ons a d o p t e d o n t h e bas i s of t h e d i scuss ions in th i s p a p e r a r e s h o w n 
g raph ica l ly by t he curves in F i g u r e 6. T h e lines ex tend on ly as far as w e h a v e r e a s o n a b l y 
g o o d a b s o l u t e m a g n i t u d e s a t t h e p r e s e n t t ime . T h e g a p s a r e se r ious , b u t t h e r e is h o p e 
of filling t h e m - a t least in p a r t . 
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D I S C U S S I O N 

Van den Bergh: S tars of luminos i ty class III represent a mix tu re of objects of differing age a n d c o m ­
posi t ion. T h e abso lu te m a g n i t u d e ca l ibra t ion for giants is therefore funct ion of the da ta selected for 
the ca l ibra t ion. A g o o d example is p rov ided by the M g iants in the nuc lear bulge of the Ga laxy for 
which < M V > ~ 0 c o m p a r e d t o <Mt,> ~ —1.5 for the M g iants n e a r the Sun . 

Schmidt-Kaler: I w o u l d say tha t p e r h a p s the greatest mer i t of t he MK - sys t em is tha t it represents 
a reference system for a b o u t 95 % of the s tars . So it m a y serve as a guide to all subsequent work . 
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