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ABSTRACT 

Resul ts of fur ther c a l c u l a t i o n s are presented to e x p l o r e the non-
l i n e a r , Zeeraan over lap e f f e c t as the cause fo r the c i r c u l a r 
p o l a r i z a t i o n of a s t r o p h y s i c a l masers. Emphasis i s p laced on the 
regime in which the Zeeman s p l i t t i n g i s small and on the v a r i a t i o n o f 
the p o l a r i z a t i o n with maser s a t u r a t i o n . 

Strong net c i r c u l a r p o l a r i z a t i o n has long been recogn ized as a 
s t r i k i n g c h a r a c t e r i s t i c of a s t r o p h y s i c a l OH masers. I t i s e s p e c i a l l y 
prominent fo r OH masers in molecular c louds ( s t a r - fo rming r e g i o n s ) f o r 
which the measured, f r a c t i o n a l c i r c u l a r p o l a r i z a t i o n exceeds f i f t y 
percent in perhaps hal f of the masers ( e . g . , Reid and Moran 1 9 8 1 ) . 
Linear p o l a r i z a t i o n i s a l s o common. More r e c e n t l y , high r e s o l u t i o n 
s tud ies of the other general c l a s s of OH masers—those a s s o c i a t e d with 
c i rcuras te l l a r environments—have found s i g n i f i c a n t , net c i r c u l a r 
p o l a r i z a t i o n in these as w e l l (Mutel e t a l . 1979; Cohen et a l . 1 9 8 7 ) . 
In a very few of both c l a s s e s of OH masers, Zeeman pa i r s can be 
i d e n t i f i e d and tend to i n d i c a t e magnetic f i e l d s of a few m i l l i g a u s s or 
s o . Very r e c e n t l y , c i r c u l a r p o l a r i z a t i o n (up to about ten p e r c e n t , 
f r a c t i o n a l l y ) has been de t ec t ed in the r a d i a t i o n of the c i r c u m s t e l l a r 
SiO masers ( B a r v a i n i s , Mcintosh and Predmore 1 9 8 7 ) . Because of the 
much smal ler magnetic moment of SiO ( i n comparison with OH), the 
occurence of t h i s c i r c u l a r p o l a r i z a t i o n i s of s p e c i a l , p o t e n t i a l 
s i g n i f i c a n c e . 

Here, we emphasize some a d d i t i o n a l po in t s and present some 
further c a l c u l a t i o n s beyond our b a s i c paper (Deguchi and Watson 1986) 
on the p r e v i o u s l y unrecognized n o n - l i n e a r , Zeeman over lap mechanism as 
a cause f o r the c i r c u l a r p o l a r i z a t i o n of a s t r o p h y s i c a l masers . Our 
c a l c u l a t i o n s t r ea t the case of an angular momentum J= l -0 t r a n s i t i o n 
and u t i l i z e the Sobolev approximat ion . The v e l o c i t y g rad ien ts are 
c y l i n d r i c a l l y symmetric with the gradient in the a x i a l d i r e c t i o n being 
much smal ler than the gradient in the o ther d i r e c t i o n s so that the 
maser i s e s s e n t i a l l y one-dimensional in the a x i a l d i r e c t i o n . 
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Our prev ious r e s u l t s were d i r e c t e d toward the regime in which 
(Zeeman s p l i t t i n g / l o c a l Doppler breadth) > 1. Here, we show how the 
p o l a r i z a t i o n c h a r a c t e r i s t i c s vary with th i s r a t i o as i t approaches 
z e r o . Ten percent c i r c u l a r p o l a r i z a t i o n remains at a value of about 
0.1 f o r t h i s r a t i o . Note a l s o that the l i n e a r p o l a r i z a t i o n (un l ike 
the c i r c u l a r ) i s non-zero (as i t should be) when there i s no Zeeman 
s p l i t t i n g . This i s most l i k e l y to be the re levant regime f o r s p e c i e s 
such as SiO with small magnetic moments. 

We a l s o cons ide r in more d e t a i l how the c i r c u l a r p o l a r i z a t i o n 
v a r i e s with the degree of s a tu ra t ion (R3 / r ) of the maser. It r a p i d l y 
reaches to near i t s asymptot ic value when (R3 / r ) i s only a few. For 
(Zeeman s p l i t t i n g / l o c a l Doppler breadth) % 1 and at l e a s t p a r t l y 
sa turated masing the s ign of the c i r c u l a r p o l a r i z a t i o n tends to be 
that of the Zeeman t r a n s i t i o n of the h ighes t frequency when the masing 
reg ion i s expanding (and v i c e - v e r s a ) . 
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