
PLANETARY NEBULAE AS STANDARD CANDLES FOR EXTRAGALACTIC DISTANCES 

G. Jacoby 
NOAO/Kitt Peak N a t i o n a l Ob se r va tory 
H. Ford 
Space Te le scope Science I n s t i t u t e 
R. C i a r d u l l o 
Department o f T e r r e s t r i a l Magnet i sm/Carneg ie I n s t , o f Wash. 

ABSTRACT. Al though d i s t a n c e s to g a l a c t i c p l a n e t a r y n e b u l a e a r e t y p i c a l l y 
u n c e r t a i n by f a c t o r s near 2, there appears to be an upper l i m i t to the 
i n t e g r a t e d [0 I I I ] X5007 a b s o l u t e f l u x f o r p l a n e t a r y n e b u l a e . Th i s f l u x , 
1 .34x l0" 8 e r g s / c m 2 / s e c f o r a maximal ly b r i g h t p l a n e t a r y n e b u l a a t a d i s -
tance of 1 kpc , can be used as a d i s t a n c e i n d i c a t o r when a s u f f i c i e n t 
number of p l a n e t a r i e s have been i d e n t i f i e d in an e x t e r n a l g a l a x y . Or 
one may compute the upper l i m i t to the d i s t a n c e f o r g a l a c t i c p l a n e t a r y 
n e b u l a e based on t h i s c a l i b r a t i o n . 

The o r i g i n a l work by Jacoby and L e s s e r (1982, A . J . , 86, 185) has 
been improved u s i n g CCD photometry and updated d i s t a n c e s f o r L o c a l Group 
g a l a x i e s , r educ ing the c a l i b r a t o r d i s p e r s i o n from 16% to 9%. C o n s i d e r i n g 
that the c a l i b r a t o r s i n c l u d e e l l i p t i c a l s (NGC 205, NGC 185, M32) , a 
l a r g e s p i r a l (M31) , and i r r e g u l a r s (LMC, SMC) have a c o n s i d e r a b l e range 
in m e t a l l i c i t y and g a l a x y l u m i n o s i t y , t h i s smal l d i s p e r s i o n sugges t s 
that p l a n e t a r y nebulae may be e x c e l l e n t s tandard cand le s f o r a l l Hubble 
t ypes , and can be i d e n t i f i e d e a s i l y to d i s t a n c e s exceeding 10 Mpc. Jaco-
b y , F o r d , Booth, and C i r a d u l l o (1987, BlM. AAS, 19, 712) d e r i v e the 
d i s t a n c e to M81 us ing t h i s t echn ique . 

K a l e r (1978, Ap. J . , 220, 887) a l l u d e s to the upper b r i g h t n e s s 
l i m i t f o r the [0 I I I ] l i n e . As X5007 i s the p r i n c i p a l f o r b i d d e n l i n e , 
and the r a t i o s of the important c o o l i n g atoms to oxygen remain g e n e r a l -
l y c o n s t a n t , and because f o r b i d d e n l i n e s a r e the dominant n e b u l a r 
c o o l a n t s , an upper l i m i t to the c e n t r a l UV f l u x i m p l i e s a more or l e s s 
constant upper l i m i t to the [0 I I I ] f l u x . E v o l u t i o n a r y paths f o r c e n t r a l 
s t a r s imply t h i s o b s e r v a t i o n a l upper l i m i t : extremely mass ive c e n t r a l 
s t a r s pass through the maximum UV f l u x r e g i o n too q u i c k l y to be important , 
yet low mass s t a r s have a low UV f l u x . The b a l a n c e between l i f e t i m e in 
the r e g i o n and the frequency of h i g h e r mass c e n t r a l s t a r s d e f i n e s a n a r -
row o b s e r v a t i o n a l window. 
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