
VLBI OBSERVATIONS OF THE H20 MASER OUTBURST IN ORION KL 

L . I . Matveyenko 
Space Research I n s t i t u t e , Moscow, USSR 
D.A. Graham 
Max-Planck I n s t i t u t f u r R a d i o a s t r o n o m i e , Bonn, F . R . G . 
P . J . Diamond 
N a t i o n a l Radio Astronomy O b s e r v a t o r y , C h a r l o t t e s v i l l e , U .S .A . 

We p r e s e n t p r e l i m i n a r y r e s u l t s from a seven y e a r VLBI s tudy o f t h e H20 
maser o u t b u r s t i n Orion-KL. Our r e s u l t s r e v e a l changes i n t h e p r o f i l e , 
in t h e s p a t i a l s t r u c t u r e and i n t he 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 
o f t h e H 20 masers . We i n t e r p r e t our da ta i n terms o f e d g e - o n r i n g s 
r o t a t i n g about a p r o t o s t e l l a r o b j e c t . 

In August 1979 Abraham et al(1981) o b s e r v e d an enormous o u t b u r s t o f t he 
H20 maser e m i s s i o n i n Orion-KL. The peak f l u x d e n s i t y at a v e l o c i t y 
o f ~ 8 km s _ 1 r o s e from a ~ 104 Jy t o ~ 106 Jy . The o u t b u r s t e m i s s i o n 
was o b s e r v e d t o have s t r o n g l i n e a r p o l a r i z a t i o n ( Ρ ~ 60%) and was 
c o n c e n t r a t e d i n s i d e a l i n e w i d t h Δ / « 30 kHz. The p r o f i l e shape and 
f l u x d e n s i t y i s changing wi th t i m e . See F i g . 1 f o r a r e p r e s e n t a t i v e 
spectrum and i t s l i n e a r p o l a r i z a t i o n s t r u c t u r e . 

We have per formed m u l t i - e p o c h VLBI o b s e r v a t i o n s o f t h e H20 maser 
o u t b u r s t i n o r d e r t o s tudy the s p a t i a l s t r u c t u r e as a f u n c t i o n o f 
t i m e . Our r e s u l t s ( s o f a r o b t a i n e d o n l y by m o d e l - f i t t i n g ) demons t ra te 
t ha t t h e s t r u c t u r e i s changing and c o m p l e x , but i n g e n e r a l c o n s i s t s 
o f a few compact maser components d i s t r i b u t e d a l o n g a p o s i t i o n ang l e 
φ ~ - 8 0 ° . 

We b r i e f l y d e s c i b e a subse t o f our r e s u l t s . 
25 September 1979. Obse rva t i ons wi th t h e Cr imea-Puschino b a s e l i n e 
r e v e a l e d a s imp le c o r e - h a l o s t r u c t u r e , t he c o r e has 4 - 5 compact 
components and a t o t a l s i z e ~ 0.6 AU and a h a l o s i z e ~ 1.2 AU. The 
b r i g h t n e s s tempera ture TB was o b s e r v e d t o be > 2 χ 10 1 6 K. The compact 
e m i s s i o n r e g i o n had a t o t a l l i n e w i d t h < 10 kHz imp ly ing TK ~ 100 - 200 Κ 
i f t h e maser i s no t s a t u r a t e d , t h i s s u g g e s t s an IR pumping mechanism. 
O b s e r v a t i o n s wi th C r i m e a - E f f e l s b e r g and Greenbank-Haystack i n Nov. 
1979 showed a v e r y s i m i l a r s t r u c t u r e . 
1 December 1982. O b s e r v a t i o n s wi th C r i m e a - O n s a l a - E f f e l s b e r g r e v e a l e d 4 
compact components each o f s i z e < 0.2 AU imply ing TB > 10 1 7 K. The masers 
were l o c a t e d a l o n g φ ~ -80° ( s e e F i g . 2 a ) , a d i s t i n c t v e l o c i t y g r a d i e n t 
was v i s i b l e imp ly ing AV/AL « 0.44 km s _ 1 / A U . We s u g g e s t t h a t t h i s 
g r a d i e n t i m p l i e s t h e masers l i e i n a d i s c which i s r o t a t i n g around 
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a p r o t o s t a r . The masers have a v e l o c i t y ~ 11 km s _ 1 r e l a t i v e t o the 
p r o t o s t a r (deduced from t h e v e l o c i t y o f t he ambient m o l e c u l a r g a s ) and 
l i e s at a d i s t a n c e o f 12 AU t o t he west o f t he masers . 
10 October 1983. O b s e r v a t i o n s wi th C r i m e a - E f f e l s b e r g r e v e a l e d a 
s t r u c t u r e s i m i l a r t o t h a t seen i n Dec 1982 . Other o b s e r v a t i o n s from 
t h e Crimea-Puschino b a s e l i n e combined wi th s i n g l e d i s h da ta showed 
t h a t t h e compact r e g i o n s have Ρ > 85% and t ha t the p o l a r i z a t i o n 
p o s i t i o n ang le was changing a c r o s s t he p r o f i l e ( s e e F i g . l ) . 
26 May 1985. We were a b l e t o o b t a i n a g l o b a l o b s e r v a t i o n o f t h e 
o u t b u r s t us ing Crimea-Effelsberg-Onsala-Greenbank-Haystack-VLA-OVRO. 
Our i n i t i a l m o d e l - f i t t i n g showed t ha t a new f e a t u r e was now v i s i b l e in 
t h e s o u r c e ( s e e F i g . 2 b ) at a ~ 6.5 AU from the c e n t r o i d o f t he p r e v i o u s 
s t r u c t u r e . 

Our o b s e r v a t i o n s have r e v e a l e d t he p r e s e n c e o f maser components wi th 
TD ~ 1 0 1 6 " 1 8 K. These a re t h e h i g h e s t TB y e t r e c o r d e d and are p r o b a b l y 
caused by a h igh d e g r e e o f beaming (Ω < 10~ 4) . The beaming may be due 
t o a) cohe ren t e m i s s i o n , which we do no t r e g a r d as p h y s i c a l l y l i k e l y ; 
o r b ) t he masers b e i n g f i l a m e n t s o f gas which l i e in e d g e - o n r i n g s 
r o t a t i n g around t h e p r o t o s t a r . We sugges t t ha t the l a r g e d e g r e e o f 
l i n e a r p o l a r i z a t i o n i s caused by an a n i s o t r o p i c pump eng ine due t o IR 
r a d i a t i o n from an u n i d e n t i f i e d s o u r c e ( p o s s i b l y the p r o t o s t a r ) . From 
the v e l o c i t i e s and d i s t a n c e s o b s e r v e d t he mot ion c o u l d be suppor t ed i f 
t he p r o t o s t a r had a mass ~ 1 . 8 M 0 . The o b s e r v e d change in p o l a r i z a t i o n 
p o s i t i o n angle a c r o s s t h e maser p r o f i l e and e m i s s i o n r e g i o n c o u l d 
be e x p l a i n e d i f t h e p r o p o s e d r o t a t i n g r i n g s a l s o had an e x p a n s i o n a l 
v e l o c i t y component and were permeated by a magne t ic f i e l d . 
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Figure 1. A single dish profile of the 
H2O maser in Orion-KL, the solid 
line (P) is the percentage linear 
polarization, the line (χ) is the 
polarization position angle. Figure 2 
shows maps of the maser distribution 
at different epochs. 
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