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ABSTRACT. The profiles of maser lines from spherically symmetric 

expanding shells are computed with the help of a simple model.It is shown 

that a beaming effect must be taken into account in order to correctly 

account for the O H profiles of type II O H stars. 

1.INTRODUCTION 

According to the models of Elitzur et.a1.(1976) and of Reid et«al «(1977), 

the two O H emission features of type II O H stars originate in the near 

and far side of an expanding circumstellar shell. We present here a more 

complete derivation of the profiles of maser lines which takes into 

account the whole contribution of a spherical shell. The profiles depend 

only on the expansion velocity law V(r) and on the population difference 

across the maser transition n(r) . We remark that since the 

equation for radiation transfer takes similar forms in the cases of 

optically thin thermal emission and of saturated maser emission (in 

both cases the intensity of radiation increases linearly with 

column density),the same "thermal" profiles are obtained in both cases. 

The typical profiles with two peaks can only be obtained if the maser 

intensity depends on a power m>l of the amplification path length; this 

occurs in the case of unsaturated masers, or in the case of 

saturated maser emission with a beaming effect. 

2.BASIC ASSUMPTIONS 

The first step in the calculation of the line profile is to obtain the 

profile I(p,v) observed in a 1ine-of-sight that passes at a distance ρ 

from the center.The length of the amplification path contributing to the 

intensity at a velocity ν in the spectrum, limited by the Doppler shift 

due to the velocity gradient along the path,is Ù l(z)= 4v/<dv/dz>,where ζ 

is the distance along the 1ine-of-sight, ν the projection of Vir) , and 

Δ ν the thermal width of the line. 

We assume that the observed intensity in a given 1ine-of-sight and 

at a given velocity is proportional to some power of the length / [ Η Σ ) and 
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F i g u r e 1 :Computed m a s e r p r o f i l e s f o r s e v e r a l e x p a n s i o n v e l o c i t y 

l a w s . T h e v e l o c i t y l a w s a r e i n d i c a t e d a t t h e r i g h t of e a c h p r o f i l e . 
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3 . R E S U L T S A N D D I S C U S S I O N 

d v ( p , z ) _ V ( Γ ) Λ _ ν 2 _ ν 2 d l n v Ι 
dz r 1 V i r ) 2 V ( r ) 1 d l n r 

η r)j 

(4) 

2 2 "I 1-m m + l - q 

v/V) - ( v / V ) Cd In v / d In r) r d r (5) 

W h e n V ( r ) = V O ( c o n s t a n t ) , w h i c h o c c u r s a t l a r g e d i s t a n c e s f r o m t h e s t a r , t h e 

e x p r e s s i o n (5) r e d u c e s t o : 

ICv) = [ 1- C v / V O ? 

F o r m-1 w e o b t a i n I = c o n s t a n t , w h i c h c o r r e s p o n d s t o t h e rectarsgular 

p r o f i l e s o b s e r v e d in t h e c a s e of o p t i c a l l y t h i n t h e r m a l e m i s s i o n . 

F o r m = 2 ( i n t e n s i t y p r o p o r t i o n a l t o t h e s q u a r e of t h e a m p l i f i c a t i o n 

p a t h l e n g t h ) w e o b t a i n t h e s a m e e x p r e s s i o n I(v) = 1/ CVO - ν ) w h i c h w a s 

d e r i v e d by R e i d e t . a l . ( 1 9 7 7 ) w i t h o u t s t a t i n g t h e c o n d i t i o n m = 2 . 

T h e i n t e g r a l (5) must- be c o m p u t e d n u m e r i c a l l y f o r o t h e r velocity-

l a w s V ( r ) . W e s h o w i n f i g u r e 1 t h e n o r m a l i z e d p r o f i l e s t h a t a r e o b t a i n e d 

w i t h l i n e a r i n c r e a s e of t h e e x p a n s i o n v e l o c i t y ( V ( r ) = A + B*r) b e t w e e n 2 

a n d 10 s t e l l a r r a d i i , w i t h m = 2 a n d q = 4 . T h i s c h o i c e of q c o r r e s p o n d s t o 

bo t h d e n s i t y anr 1 p u m p i n g r a d i a t i o n flux d e c r e a s i n g l i k e r ( - 2 ) . W e r e m a r k 

t h a t t h e p r o f i l e s o b t a i n e d w i t h m o d e r a t e a c c e l e r a t i o n r e s e m b l e t h e Ö H 

p r o f i l e s of v i s i b l e M i r a s . 

T h e a d d i t i o n a l d e p e n d e n c e of t h e i n t e n s i t y o n t h e a m p l i f i c a t i o n p a t h 

l e n g t h (m=2) is a b e a m i n g e f f e c t . A l a r g e p a t h l e n g t h p r o d u c e s a l a r g e 

c o h e r e n c e a r e a a t t h e o u t p u t , s o t h a t t h e r a d i a t i o n i s c o n c e n t r a t e d i n b e a m 

of s m a l l e r s o l i d a n g l e a n d t h e o b s e r v e r r e c e i v e s m o r e r a d i a t i o n (the 

c o h e r e n c e a r e a a c t s l i k e a l a r g e e m i t t i n g a n t e n a ) . 
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R e i d , H . J . , M u h l e m a n , D , ö . , M o r a n , J . M . , J o h n s t o n , K . J . , S c h w a r t z , P . R . , 

to s o m e p o w e r of n(r)„ A c o n v e n i e n t e x p r e s s i o n f o r n( r ) is n(r) =A r i n a 

s h e l l ( R ^ i K R 2 ) a n d n ( r ) = 0 o u t s i d e t h i s r a n g e . T h e r e f o r e a c o n v e n i e n t 

e x p r e s s i o n f o r t h e i n t e n s i t y d u e to a 1 i n e - o f - s i g h t i s : 

I( p , v ) = r | d v ( p , z ) / d z j (1) 

w h e r e m , q a r e p a r a m e t e r s w h i c h a l l o w u s to d e s c r i b e d i f f e r e n t s i t u a t i o n s . 

T h e p r o f i l e f r o m t h e w h o l e e n v e l o p e s h o u l d be o b t a i n e d by i n t e g r a t i n g 

Ι ί ρ , ν ) o v e r p. W e s u b s t i t u t e t h e i n t e g r a t i o n o v e r ρ b y a n i n t e g r a t i o n 

o v e r r u s i n g t h e r e l a t i o n s : 

P 2 = r 2 - z 2 (2> ; v ( p , z ) / V C r ) = z / r (3) 
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