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ABSTRACT. L o n g - s l i t IPCS 2-dimens ional s p e c t r a in r a d i a l d i r e c t i o n s 
a c r o s s the inner and outer s h e l l s and a c r o s s some of the b r i g h t e s t 
cometary g l o b u l e s a r e p r e s e n t e d . The s p e c t r a show the i o n i z a t i o n s t r u c -
t u r e of the nebu la q u a n t i t a t i v e l y , w i t h He I I X4686 A s t r o n g in the i n -
ner r e g i o n s and [Ν I I ] X6584 A prominent in the outer s h e l l , a lmost due 
e a s t of the c e n t r a l s t a r . The 1 1 [Ne I I I ] anomaly", p r e v i o u s l y r e p o r t e d 
f o r NGC 6720 and 7293 by Hawley and M i l l e r , i s c l e a r l y seen . I t , t oge ther 
w i t h the [0 I ] X6300 A f l u x , p r o v i d e c o n s t r a i n t s on our p h o t o - i o n i z a t i o n 
models , a s both depend on the c o n c e n t r a t i o n of n e u t r a l H in the b a c k -
ground g a s . 

We f i n d low e l e c t r o n temperatures , T e - 7300-8300 K, and N e < 300 
cm""3. The oxygen and n i t r o g e n abundances a r e constant a c r o s s the s h e l l s , 
w i th mean v a l u e s 0/H = l .Ox lO"" 3 , N /H - 4.0X10- 1*. The o b j e c t i s H e - r i c h , 
w i t h He/H = 0.13 so t h i s i s a m a r g i n a l 'Type I ' p l a n e t a r y . The a v e r a g e 
spectrum of the l a r g e s t group of ' k n o t s 1 (cometary g l o b u l e s ) e a s t of 
the c e n t r a l s t a r i s p r e s e n t e d . 

P h o t o - i o n i z a t i o n models of the smooth background gas a r e g i v e n . In 
our i n i t i a l models , the c e n t r a l s t a r i s r e p r e s e n t e d by a non-LTE H-He 
model atmosphere w i t h T e f f • 120 000K and l o g g - 8.0 ( B o h l i n dt al. 

1982) , and e i t h e r He/H - 0.10 or 0 . 0 1 . The h igh g r a v i t y r e s u l t s in a 
l a r g e H e + a b s o r p t i o n edge a t 228 A and a r a t h e r f l a t spectrum in the 
He continuum. The r e s u l t i n g , r a t h e r h a r d , i o n i z i n g spectrum produces a 
model w i t h a h igh concentra t ion of n e u t r a l H (and thus n e u t r a l 0 ) in 
the outer 2/3 of the n e b u l a r volume. The model reproduces the low 
e l e c t r o n temperature , 8000K, found from JO I I I ] and [Ν I I ] l i n e r a t i o s . 
I t suggests that [0 I ] X6300 A emiss ion should be s trong in the b a c k -
ground gas as w e l l a s in the k n o t s . A c o r r e c t i o n of approx imate ly 10% 
in the d e r i v e d He/H r a t i o i s needed to a l l o w f o r n e u t r a l H in t h i s n e b -
u l a ; c o r r e c t i o n s may a l s o be needed in o ther Type I PN. 

The i m p l i c a t i o n s of H ° , H + and e l e c t r o n s c o - e x i s t i n g in a l a r g e 
volume a r e d i s c u s s e d , wi th s p e c i a l r e f e r e n c e to the H 2 v i b r a t i o n -
r o t a t i o n l i n e emiss ion seen a t 2 ym from many p o s i t i o n s in t h i s nebu la 
( S t o r e y 1984) . 

223 

S. Torres-Peimbert (ed.), Planetary Nebulae, 223. 
©1989 by the IAU. 

https://doi.org/10.1017/S0074180900138367 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900138367

