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Abst rac t . Spectroscopic a n d p h o t o m e t r i c para l laxes a r e based on the a s s u m p t i o n tha t t o each po in t 
in the relevant region of (g, Teff, a ) - space there co r responds a u n i q u e mass . T h e impl icat ions of a 
b r e a k d o w n in this a s sumpt ion a r e discussed briefly a n d a n a l ternat ive a p p r o a c h to p rob lems tha t 
t radi t ional ly have requi red spec t roscopic o r pho tome t r i c para l laxes is p resen ted . This a l ternat ive 
a p p r o a c h involves the use of the ( l o g # , logr eff)-diagram as a n H R - d i a g r a m . 

I w o u l d l ike t o d r a w y o u r a t t e n t i o n t o a sou rce of e r ro r s in spec t ro scop i c a n d p h o t o 

m e t r i c pa ra l l axes t h a t w e h a v e n o t yet d iscussed a t th i s m e e t i n g . T h a t is , t h e poss ib le 

fa i lure of t he bas ic a s s u m p t i o n t h a t gravi ty-sensi t ive spec t ra l f ea tu res a r e un ique ly 

r e l a t e d t o t h e abso lu t e visual m a g n i t u d e Mv. 

F o r t h e p u r p o s e s of th i s d i scuss ion let u s define spectroscopic observations, t o be 

all t h o s e in w h i c h t h e q u a n t i t i e s m e a s u r e d , S, a r e selected a t t r i b u t e s of a s t a r ' s 

e m e r g e n t flux d i s t r i b u t i o n Fv. N o t e t h a t th is def ini t ion of t h e t e r m ' s p e c t r o s c o p i c ' is 

b r o a d e r t h a n u s u a l ; i t cove r s t h e full r a n g e of ava i l ab le spec t ra l r e so lu t i on , f r o m 

h igh-d i spe r s ion s p e c t r o p h o t o m e t r y t o b r o a d - b a n d p h o t o m e t r y , a n d inc ludes visual 

spec t ra l classification. 

I t is well k n o w n t h a t , t o t h e ex ten t t h a t t h e p lane -pa ra l l e l a s s u m p t i o n is val id , 

t h e s t ruc tu r e of a s t a r ' s a t m o s p h e r e , a n d hence its e m e r g e n t flux d i s t r i b u t i o n Fv9 

c a n be p a r a m e t e r i z e d in t e r m s of g, r e f f , a n d sur face chemica l c o m p o s i t i o n A (for 

t h e p u r p o s e of this d i scuss ion w e c a n igno re the poss ib le inf luence o n Fv of n o n 

t h e r m a l veloci ty fields, m a g n e t i c fields, e tc . , a l t h o u g h these effects c a n in pr inc ip le 

b e inc luded [see, for e x a m p l e P e a t 1969]). T h u s a g iven spec t ra l f ea tu re .S c a n be 

w r i t t e n as a func t ion of t h e a b o v e t h r e e v a r i a b l e s : 

S = fn(Fv) = f(g9Teif,A). (1) 

I t fo l lows t h a t g, T e f f a n d A a r e t h e p r inc ipa l a r g u m e n t s of all s u c h obse rva t i ons . 

F r o m the p receed ing a r g u m e n t i t is o b v i o u s t h a t t h e bas i c phys ica l p a r a m e t e r s of 
a s ta r (5R, L , R) c a n n o t b e d e t e r m i n e d direct ly f r o m spec t ro scop i c d a t a . A t m o s t , 
o n e c a n der ive a m a s s - l u m i n o s i t y r a t i o (see, for e x a m p l e , K e e n a n , 1963). T h i s 
impl ies , in pa r t i cu l a r , t h a t t h e d e t e r m i n a t i o n of spec t ro scop i c p a r a l l a x e s is a p rocess 
of l imi t ed va l id i ty ; i.e. t h e o b s e r v a t i o n a l p a r a m e t e r s e m p l o y e d in t h e d e r i v a t i o n of 
a spec t roscop ic p a r a l l a x a r e n o t expl ici t func t ions of t h e q u a n t i t y b e i n g d e t e r m i n e d 
( the o r d i n a t e of t h e c o n v e n t i o n a l H R - d i a g r a m , Mv). Typ ica l ly , a surface gravity 
sensitive p a r a m e t e r , s u c h as a l ine - s t r eng th r a t i o o r t h e e q u i v a l e n t - w i d t h of Hy, is 
c a l i b r a t ed aga ins t Mv. T h i s spec t ro scop i c p a r a m e t e r is t h e n ca l led , incor rec t ly , a 
' l u m i n o s i t y c r i t e r ion ' . 

If a h e t e r o g e n e o u s s te l lar s a m p l e is be ing inves t iga ted , spec t ro scop i c pa ra l l axes 

B. Hauck and B. E. Westerlund (eds.), Problems of Calibration of Absolute Magnitudes and Temperature of Stars, 86-89. 
All Rights Reserved. Copyright © 1973 by the IAU. 

https://doi.org/10.1017/S0074180900055121 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900055121


THE ( l o g g, l o g TWO-DIAGRAM, A FUNDAMENTAL HR-DIAGRAM 87 

a r e l iable t o be mi s l ead ing . T h i s c a n be seen f rom E q u a t i o n (3) ( b e l o w ) ; t w o s tars 
c a n have ident ica l (g, r e f f ) - v a l u e s , a n d the re fore d i sp lay iden t ica l ' l u m i n o s i t y c r i te r ia ' , 
b u t h a v e different m a s s e s a n d , hence , different luminos i t i e s . Clear ly , t h e bas ic a s s u m p 
t i o n invo lved in t h e m e t h o d of spec t roscop ic pa ra l l axes is t h a t t h e r e is a u n i q u e , 
s ingle-va lued r e l a t ion be tween g a n d Mv. T h i s is equ iva l en t t o t h e a s s u m p t i o n t h a t 
t o e a c h (g, L e f f , a, 2?.C.)-value t he r e c o r r e s p o n d s a u n i q u e va lue of t h e to t a l m a s s 
3R (he re B.C. d e n o t e s t h e b o l o m e t r i c co r r ec t i on ) . T h i s m u s t n o t b e r e g a r d e d as a 
s e c o n d o r d e r effect; m a y I r e m i n d y o u t h a t t h e v a r i a t i o n in Mv c o r r e s p o n d i n g t o 
a c h a n g e A logSOi in t h e m a s s is 

O f course , t he a b o v e a s s u m p t i o n s a r e just if ied in m a n y cases . Neve r the l e s s , we m u s t 
a lways exercise c a r e ; even in t h e bes t case ( i .e . , t h e s t u d y of o p e n c lus te rs ) t he r e a r e 
e v o l u t i o n a r y p h a s e s d u r i n g w h i c h t h e t r acks of s t a r s of different m a s s e s c a n cross . 
I t is impe ra t i ve , as w e p u s h o u r s tud ies i n t o t he field, a n d , in p a r t i c u l a r , w h e n w e 
s t u d y faint s amples t h a t m a y c o n t a i n objects t h a t b e l o n g t o t h e o ld d i sk o r h a l o 
p o p u l a t i o n s o r w h e n we s t u d y s ta r s in ex terna l galaxies , t h a t w e k e e p t h e cen t ra l 
a s s u m p t i o n of t he m e t h o d of spec t ro scop i c pa ra l l axes firmly in m i n d . Le t us cons ide r 
t w o cases w h e r e th is a s s u m p t i o n b r e a k s d o w n : (i) in t h e s t u d y of t h e h igh - l a t i t ude 
fa in t b lue s ta rs o n e c a n easily e n c o u n t e r v a r i a t i o n s of m a s s by a fac to r of t w o a t 
a g iven (# , T e f f , a ) -va lue . T h u s , AMV c a n be of t he o r d e r of 0™75, a n d (ii) in t h e s tudy 
o f t h e d i s t r i bu t i on o f A - s t a r s p e r p e n d i c u l a r t o t h e ga lac t ic p l a n e o n e will begin t o 
inc lude app rec i ab l e n u m b e r s of b lue h o r i z o n t a l - b r a n c h s ta rs in t h e s a m p l e for 
V> 10T0 - such s t a r s will h a v e the i r M y - v a l u e s o v e r e s t i m a t e d b y ~ 1T5 if a P o p u l a 
t i o n I c a l i b r a t i on is a d o p t e d . 

T h e r e is, never the less , a n a l t e rna t ive a p p r o a c h t h a t c an , in s o m e i m p o r t a n t con 
tex t s , e l imina te t h e n e e d for spec t ro scop i c pa ra l l axes . T h a t is, t o use g d i rect ly as a n 
o r d i n a t e of t he H R - d i a g r a m . 

Le t us define a physical HR-diagram t o be o n e t h a t (i) p rese rves t h e m o r p h o l o g y 
of t h e or ig inal (Mv, spec t ra l t y p e ) - d i a g r a m , a n d (ii) h a s a r g u m e n t s t h a t a r e explici t 
func t ions of t h e f u n d a m e n t a l physical charac te r i s t ics of a s t a r (StR, L , R). T h e m o s t 
wide ly used physica l H R - d i a g r a m is t h e [ l o g L , l o g r e f f ] - d i a g r a m . Never the les s , sur
face grav i ty is a n equa l ly va l id o r d i n a t e ; f r o m t h e def in i t ions of g a n d r e f f we c a n 
der ive t he fo l lowing r e l a t i on b e t w e e n g a n d L : 

F r o m this e q u a t i o n it is o b v i o u s t h a t , for a given va lue of $R, g is u n i q u e l y re la ted 
t o L a t e ach Tefr. T h u s , u n d e r t h e c o n d i t i o n of c o n s t a n t m a s s , a c u r v e in t h e ( l o g L , 
l og T e f f ) -p lane m a p s o n e - t o - o n e i n t o t h e ( l o g # , logr e f f ) -p lane . I n m o s t cases of p r a c 
t ical in teres t , v a r i a t i o n s in SR d o n o t d e s t r o y t h e c o r r e s p o n d e n c e . 

W e c a n read i ly a p p r e c i a t e , f r o m a h is tor ica l po in t -of -v iew, w h y t h e ( l o g L , logr e f f)-
d i a g r a m is a t p r e se n t t h e m o s t widely used phys ica l H R - d i a g r a m . Never the le s s , t h e 
( l o g # , l ogr e f f ) -d iag ram is t h e f u n d a m e n t a l d i a g r a m w h e n o n e is dea l ing w i th spec t ro -

AMV = 2.50A l o g $ D t ( m a g . ) . (2) 

g = [ c o n s t a n t - T e f f - 9 K ] L - 1 (3) 
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scop ic obse rva t i ons . T h i s f u n d a m e n t a l n a t u r e of t h e ( l o g # , log J e f f ) - d i a g r a m was 
first e m p h a s i z e d by M o r g a n (1937) . M o r g a n n o t e d t h a t t h e fea tu res o b s e r v e d in 
s te l lar spec t ra a r e expl ic i t func t ions of t he t w o p r inc ipa l physical p a r a m e t e r s of a 
s te l lar a t m o s p h e r e , viz. , t h e sur face grav i ty g a n d t h e effective t e m p e r a t u r e r e f f . 
T h u s , t h e spec t ra l c h a n g e s t h a t f o r m t h e basis o f a v isua l classif icat ion s c h e m e co r r e 
s p o n d , p r imar i ly , t o c h a n g e s in g a n d T e f f . A s M o r g a n p o i n t e d ou t , a d i a g r a m t h a t 
d i sp lays t h e v a r i a t i o n o f these t w o p a r a m e t e r s a l o n g t h e p r inc ipa l s te l lar s equence 
is o f cen t ra l i m p o r t a n c e in a t t e m p t s t o u n d e r s t a n d s te l lar c lassif icat ion p r o b l e m s . 

B u t t h e ( l o g # , l ogr e f f ) -d i ag ram c a n p l ay a m u c h wide r ro le t h a n t h a t ou t l ined 
a b o v e . F o r example , o n e o f t h e m o s t i m p o r t a n t a p p l i c a t i o n s o f t h e ( l o g # , logr e f f)-
d i a g r a m lies in t h e s t u d y of s te l lar evo lu t ion . T h e o r e t i c a l s te l lar e v o l u t i o n t r a c k s 
c a n b e p r e sen t ed j u s t as read i ly in t h e ( l o g g , l o g r e f f ) - d i a g r a m a s in t h e c o n v e n t i o n a l 
( l o g L , l ogr e f f ) -d iag ram. P r o v i d e d t h a t ca re is t a k e n t o e n s u r e t h a t t h e der ived g 
a n d r e f f va lues a r e cor rec t ly r e l a t ed t o t h e g loba l q u a n t i t i e s 9JI/R2 a n d L/R2 (Newel l 
et ai, 1969) t h e n t h e p r e d i c t i o n s of stel lar s t ruc tu re c o m p u t a t i o n s c a n be c o m p a r e d 
d i rec t ly w i th o b s e r v a t i o n s , w i t h o u t reference t o l u m i n o s i t i e s ; i .e. the comparison is 
independent of distances and bolometric corrections. T h i s t e c h n i q u e is obv ious ly o n e 
of cons ide r ab l e p o w e r in o b s e r v a t i o n a l tes ts of stel lar i n t e r io r t h e o r y a n d in a t t e m p t s 
t o u n d e r s t a n d obse rved s te l lar s equences . I n pa r t i cu l a r , it a l lows b o t h c lus ter a n d 

field s t a r s t o be c o m p a r e d w i t h e a c h o t h e r a n d wi th t h e o r y in a m a n n e r t h a t is n o t 
poss ib le in t h e c o n v e n t i o n a l H R - d i a g r a m . Such c o m p a r i s o n s c a n l ead t o luminos i ty -
i n d e p e n d e n t d e t e r m i n a t i o n s of s te l lar ages . E x a m p l e s of c o m p a r i s o n s of th is t ype 
a r e t o b e f o u n d in t he w o r k of H y l a n d (1967), N o r r i s (1971) , O s b o r n (1971) , G r o s s 
(1972) , a n d Newel l (1973). 

I n s u m m a r y , t hose i nvo lved in t h e ca l i b r a t i on of spec t ra l f ea tu res aga in s t a b s o l u t e 
m a g n i t u d e a r e u r g e d t o k e e p t h e cen t r a l a s s u m p t i o n of the i r a p p r o a c h firmly in m i n d 
a n d t o ensure , for e a c h g r o u p of s t a r s s tud ied , t h a t t hey a r e just i f ied in a s s u m i n g 
a u n i q u e , s ingle-valued r e l a t i o n s h i p be tween g a n d Mv. T h e ( l o g # , l ogr e f f ) -d i ag ram 
p r o v i d e s a n a p p r o a c h t h a t is i n d e p e n d e n t of spec t ro scop ic pa ra l l axes a n d , in m y 
o p i n i o n , is va luab le e n o u g h t o jus t i fy cons ide rab le effort be ing spen t o n t h e p r o b l e m 
of c a l i b r a t i ng o u r spec t ro scop i c d a t a aga ins t g. 
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D I S C U S S I O N 

Pecker: T h e p rob lem wi th t he s-shaped t racks a t the hydrogen-exhaus t ion phase m a y n o t be as 
ser ious as y o u have indicated. A recent s tudy by Lesh a n d A i z e n m a n n places the u l t ra -shor t pe r iod 
var iables in this pa r t of t he d i a g r a m a n d thus we m a y be ab le to dis t inguish be tween s ta rs undergo ing 
this rap id evolut ion a n d s ta r s tha t a r e no t . 

Newell: Such a d i scr iminant can a ler t us t o the fact tha t we a r e w o r k i n g in a region where the m a s s 
of a s ta r m a y be uncer ta in , b u t it c a n n o t r emove the p rob lem with spec t roscopic paral laxes. 

Demarque: O n the ques t ion of the identification of ft Cephei var iables with the hydrogen exhaus t ion 
phase , it has , some years a g o , been looked in to by Percy. O n the basis of the frequency of fi Cephei 
s ta r s , Percy concluded tha t they a r e t o o n u m e r o u s to be associated with such a rap id phase of 
evolut ion, a n d mus t r a t h e r be n e a r the end of their core b u r n i n g phase . 
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