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ABSTRACT. A s t a t u s report i s g iven of the cont inuing 
development of the photochemical model for c i r c u m s t e l l a r 
envelopes around coo l evolved s t a r s , with emphasis on 
molecular ions in both O - r i c h and C - r i c h enve lopes . 

1 . THEORY 

In the photochemical model, molecu les that enter the 
c i r c u m s t e l l a r envelopes (CSEs) of g i a n t s t a r s beyond the 
reg ion of dust format ion are broken down by i n t e r s t e l l a r UV 
photons that penetra te the envelope from the o u t s i d e 
(Huggins and G l a s s g o l d 1982a; see a l s o the reviews by Omont 
1985 and G l a s s g o l d and Huggins 1 9 8 6 ) . The i n i t i a l focus was 
on the d i s t r i b u t i o n of the molecu les and t h e i r photo 
products . For example, the dependence of the l o c a t i o n of the 
OH m a s e r s on mass l o s s r a t e can be u n d e r s t o o d in t e r m s of 
the s h i e l d i n g by dust of the r a d i a t i o n which d i s s o c i a t e s H 2 0 
(Huggins and G l a s s g o l d 1982b) . More r e c e n t l y i t has been 
p o s s i b l e t o confirm that the photo d e s t r u c t i o n products 
generate s trong ion molecule chemis try at in termedia te 
r e g i o n s in t h e CSE, t y p i c a l l y l O 1 ^ t o ΙΟ**-7 cm from the 
c e n t r a l s tar ( G l a s s g o l d , Lucas , and Omont 1 9 8 6 , henceforth 
GLO). I n C - r i c h CSEs, GLO showed that a v a r i e t y of molecular 
ions are produced by i n t e r s t e l l a r UV and cosmic rays , the 
most abundant being C 2 H 2 + and C + produced by p h o t o i o n i z a t i o n 
of ace ty l ene . GLO a l s o suggested that HCO+ ought to be 
m a r g i n a l l y d e t e c t a b l e in IRC + 1 0 2 1 6 . 

During the l a s t year we have improved the chemical model 
by inc luding new l a b o r a t o r y in format ion on the temperature 
dependence of ion polar molecule r e a c t i o n s and on 
recombinat ion , and by using a new treatment of CO l i n e s e l f 
s h i e l d i n g (Mamon, G l a s s g o l d , and Huggins 1987) based on the 
Sobe lev approximation. We present below our re f inements to 
the C - r i c h model of GLO and our f i r s t r e s u l t s on O - r i c h 
CSEs. 
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2 . C-RICH CSES 

A s e n s i t i v e search for the 89 Ghz J = l - 0 t r a n s i t i o n of HCO+ 

in IRC +10216 (Lucas e t a l . 1986) y i e l d e d an upper l i m i t t o 
the antenna temperature of 20 mK, w e l l below the GLO 
p r e d i c t i o n of 95 mK. The improved model with standard 
parameters (e.g. M = 4 x l 0 " 5 M y r " 1 ) g i v e s 24 mk, which i s 
c o n s i s t e n t with the o b s e r v a t i o n s . Further d e t a i l s , inc luding 
a i n v e s t i g a t i o n of the abundance of HNC, w i l l be presented 
in a paper in press ( G l a s s g o l d , Mamon, and Omont 1 9 8 6 ) . 

3 . O-RICH CSEs 

The s p a t i a l d i s t r i b u t i o n of the i o n i z a t i o n i s s i m i l a r for 0 -
r i c h and C - r i c h CSEs: Jus t o u t s i d e the reg ion of dust 
format ion , the ions are produced by cosmic rays; at 
in termedia te d i s t a n c e s , by p h o t o i o n i z a t i o n of H bearing 
molecu les ( i . e . H^O or C 2 H 2 ) ; and at l a r g e d i s t a n c e s by 
p h o t o i o n i z a t i o n or C (from CO and, in the C - r i c h c a s e , from 
C2H2). The two most abundant molecular ions in 0 - r i c h CSEs 
are HC0 + and H 3 0 + ; H 3 0 + i s produced by p h o t o i o n i z a t i o n of 
water f o l l o w e d by rapid hydogenation. The s u r p r i s i n g l y l a r g e 
abundance of HC0 , a lmost 10"^ , i s orders of magnitude 
l a r g e r than in C - r i c h CSEs. The main source of HC0 + i s the 
r e a c t i o n C + + H 2 0 —ν HC0 + + H, where C + i s generated by the 
CO photochain. The q u a n t i t a t i v e aspec t s of the abundance of 
C + are c r i t i c a l l y dependent on the theory of CO l i n e s e l f 
s h i e l d i n g (Mamon, G l a s s g o l d , and Huggins 1 9 8 7 ) . The main 
conc lus ion here i s tha t HC0 and H3O ought to be 
d e t e c t a b l e in 0 - r i c h CSEs. Omont has in f a c t reported the 
d e t e c t i o n of HCO+ in OH 231.8 + 4.5 at t h i s meeting. A more 
complete d i s c u s s i o n of the i o n i z a t i o n of 0 - r i c h CSEs w i l l be 
presented by Mamon, G l a s s g o l d , and Omont (1987 ) . 
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