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1. I N T R O D U C T I O N 

T h i s r e v i e w c o v e r s r e c e n t p r o g r e s s i n o b s e r v a t i o n s o f m a s e r s i n 
r e g i o n s o f s t a r f o r m a t i o n , e s p e c i a l l y i n t h e y e a r s s i n c e t h e r e v i e w s by 
B u r k e ( 1 9 7 5 ) and L e q u e u x ( 1 9 7 7 ) . F o u r r e g i o n s o f s p e c i a l i n t e r e s t a r e 
d e s c r i b e d i n m o r e d e t a i l : O r i o n , W51, W49 and W3. 

1.1 T y p e o f S o u r c e O b s e r v e d . T h e r e a r e f o u r t y p e s o f s t r o n g m a s e r s 
o b s e r v e d t o d a t e i n r e g i o n s o f s t a r f o r m a t i o n : O H , H 2 0 , S i O and m e t h a n o l 
( C H 3 0 H ) . M e t h a n o l m a s e r s n e a r 25 GHz h a v e b e e n s e e n o n l y i n O r i o n , and 
O r i o n i s a l s o t h e o n l y e x a m p l e o f a r e g i o n o f s t a r f o r m a t i o n c o n t a i n i n g 
a n S i O m a s e r s o u r c e . OH m a s e r s a r e w i d e s p r e a d t h r o u g h o u t t h e G a l a x y , and 
a r e a s s o c i a t e d o n a s c a l e o f ^1 pc w i t h c o m p a c t r a d i o c o n t i n u u m s o u r c e s , 
I R o b j e c t s and H 2 0 m a s e r s ( s e e e . g . E v a n s e t a l . 1 9 7 9 ) . T h e m a i n new OH 
s u r v e y s a r e by T u r n e r ( 1 9 7 9 ) and C a s w e l l e t a l . ( 1 9 7 9 ) . 

1.2 D i s c o v e r y o f New H 2 0 S o u r c e s . D u r i n g t h e p a s t t h r e e y e a r s , many new 
H 2 0 m a s e r s h a v e b e e n f o u n d i n r e g i o n s o f s t a r f o r m a t i o n . T h e m o s t e x ­
t e n s i v e s u r v e y s a r e b y B a t c h e l o r e t a l . ( 1 9 7 9 ) , K a u f m a n n e t a l . ( 1 9 7 7 ) 
a n d S c a l i s e and B r a z ( 1 9 7 9 ) f o r t h e s o u t h e r n h e m i s p h e r e , and by G e n z e l 
and Downes ( 1 9 7 7 a , 1979) f o r t h e n o r t h e r n h e m i s p h e r e . A d d i t i o n a l H 2 0 
m a s e r s h a v e r e c e n t l y b e e n f o u n d by B l i t z and L a d a ( 1 9 7 9 ) , C e s a r s k y e t a l . 
( 1 9 7 8 ) , a n d b y R o d r i g u e z e t a l . ( 1 9 7 8 , 1 9 7 9 ) . T h e s e p a p e r s l i s t n e a r l y 
a l l o f t h e H 2 0 m a s e r s known t o d a t e i n r e g i o n s o f s t a r f o r m a t i o n . 
F i g u r e 1 shows t h e d i s t r i b u t i o n i n g a l a c t i c l o n g i t u d e o f 168 H 2 0 m a s e r s 
l i s t e d i n t h e s e p a p e r s . T h e h i s t o g r a m i n c l u d e s o n l y H 2 0 s o u r c e s w h i c h 
seem t o l i e i n r e g i o n s o f s t a r f o r m a t i o n , and n o t t h e w e a k e r c l a s s o f 
H 2 0 m a s e r s c o i n c i d i n g w i t h l a t e - t y p e s t a r s . A l t h o u g h t h e d i a g r a m has n o t 
b e e n c o r r e c t e d f o r o b s e r v a t i o n a l s e l e c t i o n , i t s h o w s m a j o r c o n c e n t r a t i o n s 
o f H 2 0 m a s e r s a t 1 ^32° a n d 1 ^ 3 2 7 ° , t h a t i s , i n d i r e c t i o n s t a n g e n t t o 
s p i r a l a r m s . T h e r e i s no s i g n i f i c a n t c o n c e n t r a t i o n o f H 2 0 m a s e r s i n t h e 
g a l a c t i c c e n t e r . 
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F i g u r e 1 : 
D i s t r i b u t i o n o f 
168 H 2 0 masers 
in g a l a c t i c 
l o n g i t u d e . H 2 0 
masers c o i n c i d i n g 
w i t h l a t e - t y p e 
s t a r s have not 
been i n c l u d e d . 

RECENT S T U D I E S OF P A R T I C U L A R REGIONS 

2 . O R I O N - K L 
F i g u r e 2 shows the c u r r e n t i n f o r m a t i o n on H 2 0 masers in the O r i o n -

KL r e g i o n . The small b lack do ts i n d i c a t e the p o s i t i o n s d e r i v e d f rom V L B I 
measurements (Genze l e t a l . 1978 and in p r e p . ) o f the s t r o n g , " l o w -
v e l o c i t y " emiss ion between V L S R " 1 0 t o +30 km s ~ 1 . The c rosses show the 
p o s i t i o n s o f weak, h i g h - v e l o c i t y H 2 0 l i n e s between - 1 0 2 and +80 km s~ 1 

measured w i t h the E f f e l s b e r g 100-m te lescope (Genze l and Downes 1 9 7 7 b 
and f u r t h e r , unpub l i shed measurements) . The V L B I r e l a t i v e p o s i t i o n s can 
be t i e d to a b s o l u t e coo rd i na tes by means o f the a c c u r a t e H 2 0 p o s i t i o n 
measured f o r the 1 0 . 8 km s~ 1 l i n e w i t h the B e r k e l e y i n t e r f e r o m e t e r 
( F o r s t e r e t a l . 1 9 7 8 ) . 

T h i s map is an improvement o v e r p r e v i o u s l y pub l i shed v e r s i o n s in 
t h a t V L B I p o s i t i o n s have now been ob ta ined f o r t he h igh v e l o c i t y 
f e a t u r e s near 67 to 70 km s~ 1 and 46 km s~ 1 in an exper iment i n v o l v i n g 
te lescopes a t S i m e i s , C r i m e a ; O n s a l a , Sweden; E f f e l s b e r g , Hays tack and 
NRA0. 

The low v e l o c i t y H 2 0 l i n e s a re c l u s t e r e d in n ine o r more "cen te rs 
o f a c t i v i t y " o f e x t e n t 1 to 2 1 0 1 6 cm shown in F i g . 2 . The newest maps 
i n d i c a t e t h a t a t l e a s t t h r e e o f the H 2 0 cen te rs o f a c t i v i t y c o i n c i d e 
w i t h i n f r a r e d sources ( T a b l e 1 ) . Up to now the s i t u a t i o n has been con­
fused by r e s o l u t i o n e f f e c t s in V L B I measurements. 

2 . 1 The I n f r a r e d Source IRc4 ( R i e k e e t a l . 1 9 7 3 ) has the r i c h e s t H 2 0 
spectrum in number o f l i n e s and in the s t r o n g e s t i n t e g r a t e d e m i s s i o n . 
I t dominates H 2 0 V L B I maps on base l i nes >600 km, such as Onsa la -Bonn 
and H a y s t a c k - N R A O . We have des igna ted i t "Source A " in p rev i ous papers . 

2 .2 The I n f r a r e d Source IRS2 (Wynn-Wi l l iams and B e c k l i n 1 9 7 4 ) has not 
y e t r e c e i v e d much a t t e n t i o n in the l i t e r a t u r e . The new H 2 0 V L B I maps 
show t h a t i t has low v e l o c i t y emiss ion near 6 -7 km s " 1 and high v e l o c i t y 
emiss ion a t 6 8 . 6 , and 7 0 . 5 km s " 1 . I t is a l so l o c a t e d near the peak o f 
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3 1016 CM 
I 1 

SOURCE A 
( I R c 0 

J i I i L _ 
4 8 S 47s 45s 

0 5 H 3 2 M 

R A 1 1 9 5 0 ) 

F i g u r e 2 : P o s i t i o n s o f H 2 0 masers in the K le inmann-Low nebula in O r i o n . 
The V L B I p o s i t i o n s o f the l o w - v e l o c i t y H 2 0 f e a t u r e s a re shown as b lack 
do ts (Genze l e t a l . 1 9 7 8 ) , superimposed on the con tou rs o f 20 ym i n f r a r e d 
r a d i a t i o n (Wynn-Wi l l iams and B e c k l i n 1 9 7 4 ; R ieke e t a l . 1 9 7 3 ) . Shaded 
c i r c l e s rep resen t compact i n f r a r e d o b j e c t s . Crosses show the p o s i t i o n s 
o f weak, h i g h - v e l o c i t y H 2 0 masers measured w i t h the 100-m te lescope 
(Genze l and Downes 1 9 7 7 b and u n p u b l i s h e d ) . H igh v e l o c i t y H 2 0 f e a t u r e s 
o v e r 46 to 7 0 . 5 km s " 1 have a l s o been measured by V L B I . The dashed con­
t o u r s a re those o f the v = l->0 S ( l ) t r a n s i t i o n o f mo lecu la r hydrogen 
(Beckw i th e t a l . 1 9 7 8 ) . 
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I n f r a r e d 
S o u r c e 

I R 
R e f . 

P o s i t i o n 
( 1 9 5 0 ) 

M a s e r S o u r c e M a s e r 
R e f . 

I R c 2 RLK73 0 5 h 3 2 m 4 7 . 0 s H 2 0 " s h e l l s o u r c e " (75 km V L B I ) H79 

= I R S 3 WWB74 - 0 5 ° 2 4 ' 2 4 " S i O m a s e r ( v = 0 , l , 2 ) 
p o s s i b l y t h e r m a l S i O a s w e l l . 
OH m a s e r a t 17-23 km s _ 1 

G79a 

NBM79 

I R c 4 RLK73 0 5 h 3 2 m 4 6 . 8 s H 2 0 " S o u r c e A " ( ^ 1 0 3 km V L B I ) G78 

- 0 5 ° 2 4 ' 2 9 " OH m a s e r 2-11 km s ~ 1 NBM79 

IRS2 WWB74 0 5 n 3 2 m 4 6 . 3 s 

- 0 5 ° 2 3 ' 5 5 " 

H 2 0 l o w v e l o c i t y ( 6 - 7 km s " 1 ) 

H 2 0 h i g h v e l o c i t y ( 6 8 - 7 0 km s " 1 ) 

R e f s . : RLK = R i e k e e t a l . ; WWB = W y n n - W i l l i a m s and B e c k l i n ; 
NBM = N o r r i s e t a l . ; G = G e n z e l e t a l . ; H = H a n s e n 

t h e m o l e c u l a r h y d r o g e n e m i s s i o n a t 2 y m , t h e c o n t o u r s o f w h i c h a r e shown 
i n F i g . 2 , a f t e r B e c k w i t h e t a l . 1978. T h e H 2 e m i s s i o n has t h e b r o a d e s t 
l i n e s n e a r I R S 2 , I R c 2 and I R c 4 ( N a d e a u and G e b a l l e 1 9 7 9 ) , s u g g e s t i n g 
t h a t t h e h i g h v e l o c i t y m a s e r e m i s s i o n , t h e b r o a d p l a t e a u e m i s s i o n s e e n 
i n m o l e c u l a r l i n e s , a n d t h e H 2 e m i s s i o n a t 2 ym a r e a l l r e l a t e d t o m a s s -
l o s s f r o m t h e s t a r s i n t h e KL c l u s t e r . 

2 . 3 T h e I n f r a r e d S o u r c e I R c 2 ( R i e k e e t a l . 1973 = I R S 3 , W y n n - W i l l i a m s 
a n d B e c k l i n 1974) a p p e a r s t o be a d i f f e r e n t s o r t o f o b j e c t . I n i n t e r ­
f e r o m e t e r o b s e r v a t i o n s , t h e H 2 0 e m i s s i o n n e a r -6 a n d +19 km s ~ 1 i s 
s t r o n g on t h e H a y s t a c k - U . M a s s . 75 km b a s e l i n e ( H a n s e n 1 9 7 9 ) , i s weak 
on t h e H a y s t a c k - N R L and O n s a l a - B o n n 600 km b a s e l i n e s ( G e n z e l e t a l . 
1 9 7 8 ) , a n d i s c o m p l e t e l y a b s e n t on t h e C r i m e a - B o n n b a s e l i n e . T h i s i n ­
d i c a t e s t h a t t h e H 2 0 s o u r c e i s l a r g e r t h a n m o s t o f t h e o t h e r H 2 0 m a s e r s 
i n O r i o n - K L . T h e a p p a r e n t a n g u l a r d i a m e t e r o f t h e H 2 0 f e a t u r e s i s 0 . 0 3 " 
t o 0 . 1 3 " , a b o u t t e n t i m e s l a r g e r t h a n a l l t h e o t h e r H 2 0 m a s e r f e a t u r e s 
i n O r i o n . 

2 .4 T h e S i O M a s e r S o u r c e i n O r i o n = I R c 2 

T h e v e l o c i t i e s o f t h e H 2 0 f e a t u r e s f r o m I R c 2 a r e t h e same as t h o s e 
o f t h e S i O m a s e r e m i s s i o n and o n t h e b a s i s o f a s i m u l t a n e o u s V L B I e x ­
p e r i m e n t on t h e 22 GHz H 2 0 and 43 GHz S i O l i n e s G e n z e l e t a l . ( 1 9 7 9 a ) 
h a v e i d e n t i f i e d t h e S i O m a s e r w i t h I R c 2 . T h i s r e s u l t has now b e e n c o n ­
f i r m e d b y t h e B e r k e l e y i n t e r f e r o m e t e r , o p e r a t i n g o n t h e 86 GHz S i O l i n e s 
( B i e g i n g e t a l . , t h i s S y m p o s i u m ) . T h e V L B I o b s e r v a t i o n s o f G e n z e l e t a l . 
show t h a t t h e v = l , J = l - 0 S i O l i n e s a t 43 GHz a r e p a r t i a l l y r e s o l v e d , h a v e 
a p p a r e n t a n g u l a r d i a m e t e r s o f 0 . 0 2 " , ( 1 . 5 I 0 1 4 c m ) , a n d t h a t t h e s e p a r a t e 

T a b l e 1. A p p a r e n t C o i n c i d e n c e s o f I n f r a r e d and M a s e r S o u r c e s i n O r i o n 
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v e l o c i t y c o m p o n e n t s a r e c o i n c i d e n t t o w i t h i n 0 . 0 5 " . A d d i t i o n a l S i O 
o b s e r v a t i o n s w i t h t h e E f f e l s b e r g 100-m t e l e s c o p e a t 43 GHz h a v e been 
made by G e n z e l ( C e n t e r f o r A s t r o p h y s i c s ) , S c h w a r t z and S p e n c e r ( N R L ) 
and P a n k o n i n , B a a r s and Downes ( M P I ) . T h e s e o b s e r v a t i o n s o f t h e J=l-0 
r o t a t i o n a l l i n e s i n t h e v=0,l a n d 2 v i b r a t i o n a l l e v e l s , show t h a t t h e 
v=0 e m i s s i o n i s u n r e s o l v e d ( e < 1 0 " ) and comes f r o m t h e same p o s i t i o n as 
t h e v=l and v=2 m a s e r l i n e s . T h e v=0 e m i s s i o n has a s h a r p s p i k e a t 
-6 km s " 1 , i n d i c a t i n g t h a t t h e r e i s a l s o m a s e r e m i s s i o n i n t h e g r o u n d 
v i b r a t i o n a l s t a t e . I n a d d i t i o n , t h e r e i s weak ( T a * <3 K ) e m i s s i o n o v e r 
a r a n g e o f ^37 km s ~ 1 i n t h e v=0,l and 2 l e v e l s , w h i c h may be e i t h e r 
t h e r m a l e m i s s i o n o r weak m a s e r e m i s s i o n ( G e n z e l e t a l . 1980 ; s e e a l s o 
Z u c k e r m a n 1 9 7 9 ) . 

S i O e m i s s i o n was a l s o s e a r c h e d f o r w i t h t h e 100-m t e l e s c o p e i n 27 
o t h e r r e g i o n s o f s t a r f o r m a t i o n , a l l w i t h n e g a t i v e r e s u l t s t o ^5 J y . 
T h i s i s an o r d e r o f m a g n i t u d e b e t t e r t h a n p r e v i o u s l i m i t s , and an S i O 
m a s e r w i t h t h e same l u m i n o s i t y as t h e O r i o n s o u r c e w o u l d h a v e been d e ­
t e c t e d i n t h e s o u r c e s s e a r c h e d , up t o a d i s t a n c e o f ^8 k p c . 

S i n c e S i O e m i s s i o n i s o t h e r w i s e s e e n o n l y f r o m M i r a v a r i a b l e s o r 
M s u p e r g i a n t s , t h e p r e s e n c e o f t h e S i O m a s e r s o u r c e i n O r i o n has been 
p u z z l i n g f o r some t i m e n o w . T h e v e l o c i t y s p r e a d o f t h e O r i o n S i O m a s e r 
l i e s m i d w a y b e t w e e n t h a t o f t h e M g i a n t s and t h e M s u p e r g i a n t s ( s e e 
d i s c u s s i o n s by S n y d e r a n d B u h l 1974 , S n y d e r e t a l . 1975 , 1 9 7 8 ) , b u t t h e 
d e r i v e d mass l o s s r a t e a p p e a r s t o be a b o u t t w o o r d e r s o f m a g n i t u d e h i g h e r . 

T h e s o u r c e I R c 2 t h u s a p p e a r s t o be e i t h e r an e v o l v e d g i a n t o r s u p e r -
g i a n t r i g h t a t t h e c o r e o f t h e O r i o n m o l e c u l a r c l o u d o r e l s e i s a u n i q u e 
o b j e c t i n t h e G a l a x y . 

2 . 5 OH and M e t h a n o l M a s e r s i n O r i o n 

T h e m a i n new OH maps a r e by H a n s e n e t a l . ( 1 9 7 7 ) and b y N o r r i s e t a l . 
( 1 9 7 9 ) . T h e l a t t e r map s h o w s t w o c o n c e n t r a t i o n s o f OH m a s e r s , w h i c h 
c o i n c i d e w i t h I R c 2 and I R c 4 . 

T h e p o s i t i o n s o f t h e 1.2 cm m e t h a n o l m a s e r s i n O r i o n h a v e been 
m e a s u r e d by M a t s a k i s ( 1 9 7 9 ) w i t h m a s e r r a d i o m e t e r s on t h e B e r k e l e y 
i n t e r f e r o m e t e r . T h e C H 3 0 H m a s e r s seem t o be much w e a k e r t h a n and n o t 
c o i n c i d e n t w i t h t h e H 2 0 , OH o r S i O m a s e r s i n O r i o n . M a t s a k i s f i n d s UT 
c o n c e n t r a t i o n s , 6 o f w h i c h w e r e u n r e s o l v e d ( i n R . A . ) . T h e o t h e r s had 
s i z e s o f 6" - 8 " . T h e l i n e b r i g h t n e s s t e m p e r a t u r e s o r l o w e r l i m i t s w e r e 
1000 t o 4000 K. T h e v e l o c i t i e s a r e i n t h e r a n g e 7 - 10 km s - 1 , t h a t i s , 
i n t h e n o r m a l r a n g e f o r t h e O r i o n m o l e c u l a r c l o u d . T h e y may t h e r e f o r e 
be d e n s e r c l u m p s i n t h e g e n e r a l c l o u d m a t e r i a l , e x c i t e d b y t h e i n f r a r e d 
e m i s s i o n f r o m o b j e c t s i n t h e v i c i n i t y . T h e y do n o t a p p e a r t o be i n t h e 
c i r c u m s t e l l a r e n v e l o p e s t h e m s e l v e s , as do t h e H 2 0 , OH a n d S i O m a s e r s . 
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3 . T H E W51 REGION 

T h e H 2 0 m a s e r s i n W51 h a v e b e e n t h e o b j e c t o f s e v e r a l r e c e n t V L B I 
i n v e s t i g a t i o n s ( W a l k e r e t a l . 1978 , Mader e t a l . 1978, G e n z e l e t a l . 
1978, 1979b , Downes e t a l . 1 9 7 9 ) . 
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F i g u r e 3 . ( f r o m G e n z e l e t a l . 1 9 7 9 b ) . P o s i t i o n s o f H 2 0 m a s e r s i n W51 
M a m i n December 1977, r e l a t i v e t o t h e f e a t u r e a t 6 2 . 2 km s - 1 . L a b e l s 
a r e L S R v e l o c i t i e s i n km s _ 1 . T h e c o o r d i n a t e z e r o i s 1 9 n 2 1 m 2 6.20S± 0.02 s. 
1 4 ° 2 4 ' 4 3 . 6 " ± 0 . 4 " ( 1 9 5 0 ) ( F o r s t e r e t a l . 1 9 7 8 ) . R e l a t i v e p o s i t i o n a l u n c e r ­
t a i n t i e s (2a) a r e i n d i c a t e d b y b l a c k c i r c l e s f o r s t r o n g (>100 J y ) l i n e s , 
s h a d e d c i r c l e s f o r i n t e r m e d i a t e l i n e s (>50 J y ) a n d o p e n c i r c l e s f o r w e a k e r 
l i n e s . T h e d i a g r a m s a t r i g h t show e n l a r g e m e n t s o f t h e " C o r e R e g i o n " and 
t h e " H i g h V e l o c i t y C l u s t e r " . Mos t o f t h e l o w - v e l o c i t y e m i s s i o n comes f r o m 
t h e m a s e r s p o t s m a r k e d a s t h e " D o u b l e K n o t " , w h i c h may be t h e l o c a t i o n o f 
t h e e x c i t i n g s t a r . 
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3.1 W51 M a i n , t h e s t r o n g e s t s o u r c e , i s n e a r ( 2 . 2 " ± 0 . 8 " ) b u t n o t c o i n c i ­
d e n t w i t h a s u p e r - c o m p a c t H I I r e g i o n ( S c o t t 1978 , F o r s t e r e t a l . 1 9 7 8 ) . 
T h e m a i n new r e s u l t s a r e ( i ) a p r o p e r H 2 0 a p e r t u r e s y n t h e s i s o f t h e 
i n t e n s e , l o w v e l o c i t y " d o u b l e k n o t " a t t h e c o r e o f t h e s o u r c e ( W a l k e r 
e t a l . 1978) , w h i c h r e s u l t s p r o v i d e s p e c t r a a c r o s s t h e s o u r c e a t i n t e r ­
v a l s o f 1 mi 11 i a r c s e c , and ( i i ) a s e r i e s o f V L B I maps o f t h e s t r u c t u r e 
o f t h e e n t i r e s o u r c e made by G e n z e l e t a l . ( 1 9 7 9 b ) . A map f r o m t h e l a t t e r 
s t u d y i s shown i n F i g . 3 . T h e s t r o n g l o w - v e l o c i t y e m i s s i o n i n t h e r a n g e 
50 t o 76 km s " 1 a p p e a r s t o come f r o m a c o r e r e g i o n o f s i z e ^5 1 0 1 5 cm, 
w h i l e r e d s h i f t e d h i g h v e l o c i t y f e a t u r e s a r e i n a " s h e l l " o r " a r c " w i t h a 
d i a m e t e r o f 3 1 0 1 6 cm s u r r o u n d i n g t h e c o r e . A f e w o f t h e h i g h v e l o c i t y 
f e a t u r e s ( e . g . n e a r V L S R ^ 1 5 5 km s ~ i ) come f r o m an " o u t e r z o n e " o f d i a ­
m e t e r 9 1 0 1 5 c m . B e t w e e n N o v e m b e r 1977 and M a r c h 1978 t h e s o u r c e was 
o b s e r v e d by V L B I a t m o n t h l y i n t e r v a l s , and was o b s e r v e d t o u n d e r g o a 
n e a r l y s i m u l t a n e o u s f l a r e i n n u m e r o u s h i g h v e l o c i t y f e a t u r e s a t d i f f e r e n t 
p o i n t s on t h e map . T h e s e c i r c u m s t a n c e s s u g g e s t s an i m p u l s e o f pump ing 
e n e r g y f r o m t h e s t a r a t t h e c e n t e r o f t h e l o w v e l o c i t y e m i s s i o n . I n d e ­
p e n d e n t o f t h e pump ing m e c h a n i s m , t h e r i s e t i m e o f ^5 1 0 6 s e c o f t h e 
s i m u l t a n e o u s f l a r e and t h e d i a m e t e r o f t y p i c a l m a s e r c l o u d l e t s o f l 0 1 z * c m 
i m p l y a l o w e r l i m i t o f 200 km s _ 1 f o r t h e p r o p a g a t i o n v e l o c i t y o f t h e 
pump ing a g e n t t h r o u g h t h e m a s e r . As w i t h t h e v a r i a t i o n s i n W3(0H) 
( H a s c h i c k e t a l . 1977) t h i s r u l e s o u t t h e e x c i t a t i o n o f H 2 0 m a s e r s by 
i o n i z a t i o n o r s h o c k f r o n t s w i t h v e l o c i t i e s o f 10 km s ~ 1 . G e n z e l e t a l . 
( 1 9 7 9 b ) s u g g e s t t h a t W51 M a i n i s a m a s s i v e , y o u n g 0 s t a r s u r r o u n d e d by 
a d i s k o f 5 1 0 1 5 t o 3 1 0 1 6 cm w h i c h e m i t s t h e l o w v e l o c i t y H 2 0 e m i s s i o n . 
A s t e l l a r w i n d e s c a p e s f r o m t h e d i s k ( p o s s i b l y i n t h e m a n n e r d e s c r i b e d 
b y E l m e g r e e n and M o r r i s 1979) and p l o w s i n t o a d e n s e m o l e c u l a r c l o u d 
b e h i n d W51 M a i n . T h e r e d s h i f t e d h i g h - v e l o c i t y H 2 0 m a s e r s w i t h v e l o c i t i e s 
o f 100 km s ~ 1 a p p e a r i n d e n s e c l u m p s a t t h e w i n d / c l o u d i n t e r f a c e . 

3 . 2 W51 N o r t h i s l o c a t e d 1.5* n o r t h w e s t o f W51 M a i n and i s a good e x a m p l e 
o f t h e c l u s t e r i n g o f H 2 0 s o u r c e i n t o " c e n t e r s o f a c t i v i t y " . I t has s i x 
s u c h " c e n t e r s " s p r e a d o u t i n a 2 " x 6 " r e g i o n ( 2 x 6 1 0 1 7 c m ) , and a t o t a l 
v e l o c i t y s p r e a d i n t h e H 2 0 s p e c t r u m o f 170 km s " 1 . T h e d o m i n a n t c e n t e r o f 
a c t i v i t y seems t o h a v e a " c o r e " / " s h e l l " s t r u c t u r e v e r y s i m i l a r t o t h a t 
o f W51 M a i n , a l t h o u g h i n c o n t r a s t t o t h a t s o u r c e t h e h i g h v e l o c i t y 
e m i s s i o n i s m a i n l y b l u e s h i f t e d ( d i a m e t e r s i n W51N a r e : c o r e = 1 1 0 1 5 c m , 
s h e l l = 7 1 0 1 5 c m , " o u t e r z o n e " = 2 1 0 1 6 c m ; Downes e t a l . 1 9 7 9 ) . 

4 . T H E W49 REGION 

T h e m a i n new r e s u l t s h a v e b e e n ( i ) an a c c u r a t e p o s i t i o n f o r t h e H 2 0 
s o u r c e ( D i e t e r e t a l . 1 9 7 9 ) , ( i i ) s t u d i e s o f t h e H 2 0 v a r i a b i l i t y ( L i t t l e 
e t a l . 1977 and W h i t e 1 9 7 9 ) , and ( i i i ) V L B I maps ( W a l k e r e t a l . 1977 , 
G e n z e l e t a l . 1978, Mader e t a l . 1 9 7 8 ) . F i g u r e 4 s h o w s t h e s p e c t r u m o f 
W49 N and t h e d i s t r i b u t i o n o f H 2 0 m a s e r s o u r c e s i n a r e g i o n <3 1 0 1 7 cm 
a c r o s s . T h e c l u s t e r i n g o f H 2 0 s o u r c e s i n W49 N seems t o be t y p i c a l f o r 
H 2 0 m a s e r r e g i o n s . P r e s u m a b l y t h e c l u s t e r s r e p r e s e n t T r a p e z i u m - t y p e g r o u p s 
o f n e w l y - f o r m e d 0 s t a r s . I n W49 N t h e H 2 0 c l u s t e r i s w e l l s e p a r a t e d f r o m 
t h e n e a r e s t c o m p a c t H I I r e g i o n s and t h e m a i n OH s o u r c e . F i g u r e 4 ( l o w e r ) 
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shows s c h e m a t i c a l l y t h e l o w v e l o c i t y " c e n t e r s o f a c t i v i t y as l a r g e c i r c l e s 
( s t r o n g e s t o n e s s h a d e d ) . S e v e r a l o f t h e " c e n t e r s " a r e s u r r o u n d e d b y h i g h 
v e l o c i t y f e a t u r e s ( s m a l l d o t s ; W a l k e r e t a l . 1977) w h i c h p r e s u m a b l y i n d i ­
c a t e t h a t t h e s e s t a r s a r e l o s i n g mass i n t h e same m a n n e r as t h e s t a r s i n 
t h e K - L n e b u l a , a l t h o u g h w i t h much g r e a t e r l u m i n o s i t y and a t a b o u t t h r e e 
t i m e s g r e a t e r v e l o c i t i e s . A n e w , e x t e n s i v e s t u d y o f t h e h i g h v e l o c i t y 
H 2 0 i n W49 N i s i n p r o g r e s s b y W a l k e r e t a l . 

i 
-TMOJy 

1 

Ratal Velocity (km s"') 

CD 

•1.2' 

•0.8" 

0.0T 

T T -i 1 r 

W 4 9 N 
F i g u r e 4 . 
S p e c t r u m and 
p o s i t i o n s o f H 2 0 
m a s e r s i n W49 N . 
T h e l o w e r d i a g r a m 
shows n i c e l y t h e 
c l u s t e r i n g o f H 2 0 
s o u r c e s i n t o l o w -
v e l o c i t y " c e n t e r s 
o f a c t i v i t y " 
( l a r g e c i r c l e s ; 
s t r o n g e s t " c e n t e r s " 
a r e s h a d e d ) . H i g h 
v e l o c i t y f e a t u r e s 
( s h o w n i n t h e 
i n s e t s i n t h e H 2 0 
s p e c t r u m a t t o p ) 
a r e f o u n d i n 
swarms ( s m a l l 
b l a c k d o t s ) a r o u n d 
some o f t h e l o w 
v e l o c i t y " c e n t e r s " . 
F o r H 2 0 v e l o c i t i e s 
r e p r e s e n t e d by t h e 
i n d i v i d u a l d o t s , 

s e e W a l k e r e t a l . 1977 , G e n z e l e t a l . 1978. T h e c o o r d i n a t e z e r o i s 
1 9 h 0 7 m 4 9 . 7 7 S ± 0.05S, + 0 9 ° 0 1 ' 1 7 . 1 " ± 0 . 5 " ( D i e t e r e t a l . 1 9 7 9 ) . 

cf 

o 

3 1016cm 

1.2 
J i L 
0.8" 0.4" 0.0" 

Relative R A . 0 X 

J . L 
-0.4" 
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5 . THE W3 REGION 

T h e r e g i o n a r o u n d t h e W3 r a d i o c o n t i n u u m s o u r c e s c o n t a i n s a t l e a s t 
5 H 2 0 m a s e r s o u r c e s ; an o v e r v i e w o f t h e m a s e r p o s i t i o n s i s g i v e n i n 
Downes and G e n z e l 1979. 

5.1 W 3 ( 0 H ) . T h e m a i n new r e s u l t has been t h e a c c u r a t e p o s i t i o n o f t h e 
H 2 0 ( F o r s t e r e t a l . 1977) w h i c h i s a b o u t 7" e a s t o f t h e c o m p a c t H I I 
r e g i o n . New V L B I maps o f t h e H 2 0 s o u r c e ( W a l k e r e t a l . 1978 , G e n z e l e t a l . 
1978) show t h a t 90% o f t h e H 2 0 i n t e n s i t y comes f r o m a " c e n t e r o f a c t i v i t y " 
t o t h e e a s t o f a " l i n e " o f weak H 2 0 s p o t s , e a c h w i t h a s i n g l e v e l o c i t y . 
A n e x t e n s i v e s e r i e s o f V L B I maps o f t h i s l i n e o f s o u r c e s has been o b t a i n e d 
b y G i u f f r i d a ( 1 9 7 7 ) and c o l l a b o r a t o r s . 

T h e - 5 0 . 3 km s " 1 f e a t u r e i n t h e H 2 0 " c e n t e r o f a c t i v i t y " f l a r e d up 
i n M a y - J u n e 1977. T h e 4 - d a y r i s e t i m e was f o l l o w e d b y a 2 5 - d a y d e c a y 
( H a s c h i c k e t a l . 1 9 7 7 ) . T h e p a t t e r n has been a n a l y z e d by B u r k e e t a l . 
( 1 9 8 0 ) w h o s e c a l c u l a t i o n s f a v o r a c o l l i s i o n a l l y p u m p e d , c o o l ( 100 -200 K ) 
s a t u r a t e d m a s e r w i t h a l a r g e i n j e c t i o n o f e n e r g y ( 1 0 3 9 - I 0 4 1 e r g ) i n t o a 
c l o u d o f d i m e n s i o n 1 0 1 4 - 1 0 1 5 cm i n one o r t w o d a y s t i m e a t m o s t . 

T h e m a i n new r e s u l t i n OH has b e e n an a c c u r a t e p o s i t i o n o b t a i n e d 
f r o m t h e e x c i t e d - s t a t e OH l i n e s a t 6035 M H z , ( M o r a n e t a l . 1978 ) : i t 
shows t h a t t h e OH m a s e r s a r e e x a c t l y c o i n c i d e n t w i t h t h e c o m p a c t H I I 
r e g i o n . S i n c e t h e W 3 ( 0 H ) H I I r e g i o n i s o p t i c a l l y t h i c k a t 6 G H z , t h e 
m a s e r s m u s t be on t h e f r o n t s i d e o f t h e s o u r c e . Mo ran e t a l . f i n d t h a t 
t h e m a s e r s p o t s o c c u r i n s p a t i a l p a i r s o f r i g h t and l e f t - c i r c u l a r l y 
p o l a r i z e d f e a t u r e s , and t h u s p r o v i d e p r o b a b l y t h e b e s t e v i d e n c e t o d a t e 
f o r Zeeman s p l i t t i n g i n O H . Moran e t a l . d e r i v e m a g n e t i c f i e l d s t r e n g t h s 
o f 2 t o 9 m i l I i g a u s s . 

A r e m a r k a b l e a p e r t u r e s y n t h e s i s has b e e n d o n e w i t h V L B I d a t a i n 
t h e OH g r o u n d s t a t e l i n e s by R e i d e t a l . ( i n p r e p a r a t i o n ) who f i n d 
n u m e r o u s Zeeman OH p a i r s s c a t t e r e d o v e r t h e f a c e o f t h e s o u r c e . When 
t h e a p p a r e n t v e l o c i t i e s o f t h e Zeeman p a i r s a r e a v e r a g e d t o g e t h e r , one 
o b t a i n s a v e l o c i t y c l o s e t o -45 km s " 1 w i t h a s l o w v a r i a t i o n o f 
v±3 km s " 1 a c r o s s t h e f a c e o f t h e H I I r e g i o n . S i n c e t h i s i s a l s o t h e 
v e l o c i t y o f N H 3 a b s o r p t i o n and 2 3 - G H z OH a b s o r p t i o n t o w a r d t h e c o n t i n u u m 
s o u r c e , t h e OH m a s e r s may o c c u r i n a r e l a t i v e l y q u i e s c e n t , d e n s e c l o u d 
somewha t e x t e r n a l t o t h e H I I r e g i o n , and n o t i n a t u r b u l e n t s h o c k c l o s e 
t o t h e i o n i z a t i o n f r o n t . 

5 . 2 W 3 - I R S 5 a p p e a r s f r o m H 2 0 V L B I maps t o c o n s i s t o f t w o o r t h r e e 
s o u r c e s and may be a s t e l l a r g r o u p l i k e t h e c l u s t e r i n O r i o n - K L . C a l T e c h 
i n f r a r e d o b s e r v a t i o n s ( s e e W y n n - W i l l i a m s 1976) had i n d i c a t e d t h a t t h e 
s o u r c e was a t l e a s t d o u b l e s e p a r a t e d by 1 " , b u t r e c e n t s p e c k l e i n t e r -
f e r o m e t r y a t 4 . 8 ym by C h e l l i e t a l . ( 1 9 7 9 ) h a s r e s o l v e d o n l y a s i n g l e 
s o u r c e , r o u g h l y i n t h e n o r t h - s o u t h d i r e c t i o n , w i t h a d i a m e t e r o f 
0 . 2 8 " ± 0 . 0 8 " . I t w o u l d be o f i n t e r e s t t o p u r s u e t h e i n v e s t i g a t i o n o f 
s o u r c e s t r u c t u r e i n t h e i n f r a r e d t o d e t e r m i n e i t s r e l a t i o n t o t h e H 2 0 
m a s e r s . 
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6. O B S E R V A T I O N A L PROSPECTS FOR T H E FUTURE 

A common t r e n d o f t h e m a s e r , i n f r a r e d and r a d i o c o n t i n u u m o b s e r ­
v a t i o n s has been t o show t h e o c c u r e n c e o f t h e s e s o u r c e s i n c l u s t e r s 
s o m e w h a t s i m i l a r t o t h e T r a p e z i u m i n O r i o n ( c f B e i c h m a n e t a l . 1979 , 
E v a n s e t a l . 1979 , H a b i n g and I s r a e l 1 9 7 9 ) . F o r m o s t o f t h e s o u r c e s 
t h e p o s i t i o n a l a c c u r a c y m u s t s t i l l be i m p r o v e d t o s e e w h e t h e r t h e 
s o u r c e s i n v a r i o u s w a v e l e n g t h r e g i o n s a c t u a l l y c o i n c i d e on s c a l e s <0.1 p c . 

R e l a t i v e p o s i t i o n s a c c u r a t e t o 0 .5 m i l l i a r c s e c c a n now be a c h i e v e d 
f o r s t r o n g H 2 0 s o u r c e s as a m a t t e r o f c o u r s e by t h e f r i n g e r a t e m e t h o d 
d e s c r i b e d by Moran ( 1 9 7 6 ) . We h a v e a t t e m p t e d i m p r o v e m e n t s b y p h a s e 
m a p p i n g and h a v e o b t a i n e d r e p e a t a b l e m e a s u r e m e n t s t o 0.1 m i l l i a r c s e c 
f o r a v e r y f e w h i g h v e l o c i t y f e a t u r e s i n W51 M a i n . T h e r e s u l t s a r e i n 
g e n e r a l d i s a p p o i n t i n g , h o w e v e r , and n o t i n p r o p o r t i o n t o t h e e f f o r t 
r e q u i r e d . N e v e r t h e l e s s , w i t h t h e s t a n d a r d f r i n g e - r a t e t e c h n i q u e , i t 
s h o u l d be p o s s i b l e w i t h i n t h e n e x t y e a r t o o b t a i n m e a s u r e m e n t s o f t h e 
r e l a t i v e p r o p e r m o t i o n o f H 2 0 m a s e r s . 
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DISCUSSION FOLLOWING DOWNES 

Elitzur: It was suggested once by the group at Leiden that the 
SiO maser in Orion could come from infall of material. It seems to me 
that the observations you presented support this idea. The standing 
shock resulting from the infall could be the location of all the maser 
features of the different molecules which coincide in position and 
velocity. 

Downes: The possibility certainly deserves further thought. 
However the VLBI distribution of H 2 O maser "spots" from this source 
indicates radii of 1 0 1 5 - 1 0 1 6 cm from the star. These radii, together 
with the velocity half-range of 11 to 17 km s" 1, imply a very large 
central mass if the velocities come from infall. Remember also that 
the upper limit of the infrared luminosity of the star is ̂ 2 x I O ^ L Q , 

which suggests a limit to the mass of the star of 10-20 M Q . 
Bieging: What lower limit can you place on the brightness temper­

ature of the SiO V=0, J=l-0 line in Orion, which you suggest may be a 
maser? 

Downes: For the spike at -5 km s" 1 in the V=0 source, the lower 
limit to the brightness temperature is 350±50K. For the broad feature, 
it is 150±30K. 

Elmegreen: Various models of maser geometries, such as shells or 
protoplanetary-type disks, cannot be distinguished on the basis of 
velocity-position maps alone. Proper motions and/or accelerations are 
needed as well. What are the prospects for eventually detecting 
accelerations of individual components? 

Downes: We expect to be able to establish proper motions in about 
a year. Accelerations are more difficult to observe because an apparent 
change in velocity may simply be due to a change in the relative inten-
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sities of two nearby, blended lines. It might be possible to attack 
this problem by searching for velocity changes among the features which 
show proper motions. 

Booth: Comparison of the spectra of W3(0H) at 1665 MHz taken over 
the past ten years shows that a feature, now at -43.9 km s" 1, has 
moved in velocity by 0.2 km s" 1. It has decreased steadily in intensity 
during the same period, and its position (relative to the feature at 
-45.1 km s" 1) appears to have changed by 0.05 arc seconds. This may be 
an example of acceleration of material in the source, although we can 
interpret it as a beaming effect. 
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