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A b s t r a c t . A s t u d y i n NH3 was c o n d u c t e d t o w a r d s H-H o b j e c t s . C loud 
f r a g m e n t a t i o n a p p e a r s t o h a v e o c c u r r e d i n t h e r e g i o n s mapped . R o t a t i o n 
i s p r e s e n t w i t h v e l o c i t y g r a d i e n t s o f 1 - 2 km s""^ p c ~ l . We s u g g e s t t h a t 
i n t h e r e g i o n s c o n t a i n i n g H-H o b j e c t s , f o r m a t i o n o f s t a r s o f d i f f e r e n t 
s p e c t r a l t y p e s may b e t a k i n g p l a c e . 

The H e r b i g - H a r o (H-H) o b j e c t s a r e s e m i - s t e l l a r k n o t s o r i r r e g u l a r 
p a t c h e s o f n e b u l o s i t y w h o s e o p t i c a l s p e c t r a a r e c h a r a c t e r i z e d by e m i s 
s i o n l i n e s o f h y d r o g e n , u n u s u a l l y s t r o n g l i n e s o f [_SIl] a n c * [PCl > a n c* 
o t h e r l i n e s a s s o c i a t e d w i t h l o w e x c i t a t i o n g a s . Numerous m o d e l s h a v e 
b e e n p r o p o s e d t o e x p l a i n t h e n a t u r e o f t h e s e o b j e c t s , i n c l u d i n g in situ 
e x c i t a t i o n from an embedded s t a r , r e f l e c t i o n n e b u l a e i l l u m i n a t e d by o b s 
c u r e d b u t d i s p l a c e d y o u n g H-H s t a r s , FU O r i o n i s - t y p e e v e n t s , s h o c k e x c i 
t a t i o n o f i n t e r s t e l l a r c l o u d l e t s and t h e s t e l l a r w i n d i t s e l f , a s w e l l a s 
m o d e l s o f H-H o b j e c t s a s e x p i r e d H2O m a s e r s . 

We p r e s e n t h e r e a d i f f e r e n t a p p r o a c h t o t h e p r o b l e m o f H-H o b i e c t s , 
t h e s t u d y o f t h e i r a s s o c i a t e d d a r k c l o u d s . We o b s e r v e d t h e ( J , K ) = ( 1 , 1 ) 
l i n e o f NH3 u s i n g t h e 3 6 . 6 m t e l e s c o p e o f t h e H a y s t a c k O b s e r v a t o r y . The 
p u r p o s e o f t h i s s t u d y i s t o c o n f i r m t h e a s s o c i a t i o n o f H-H o b j e c t s w i t h 
h i g h d e n s i t y m a t e r i a l , s e t l i m i t s on l o c a l d e n s i t i e s , s e a r c h f o r d y n a 
m i c a l i n t e r a c t i o n b e t w e e n H-H o b j e c t s and a m b i e n t c l o u d m a t t e r , d e t e r 
m i n e t h e s p a t i a l r e l a t i o n s h i p b e t w e e n t h e o p t i c a l H-H o b j e c t s and t h e 
d e n s i t y d i s t r i b u t i o n w i t h i n t h e c l o u d s , and t o s t u d y t h e d y n a m i c s o f 
a s s o c i a t e d dark c l o u d s t h e m s e l v e s . We s u r v e y e d 25 r e g i o n s c o n t a i n i n g 
H-H o b j e c t s , d e t e c t i n g NH3 t o w a r d s r o u g h l y h a l f o f t h e m . We a l s o mapped 
two o f t h e s t r o n g e s t s o u r c e s , t h e NGC1333 r e g i o n and t h e S e r p e n s o b j e c t . 
The s u r v e y r e s u l t s c o m b i n e d w i t h t h e m a p p i n g r e s u l t s i n d i c a t e t h a t 
a l t h o u g h H-H o b j e c t s a r e i n g e n e r a l a s s o c i a t e d w i t h d e n s e n e u t r a l m a t e 
r i a l w i t h t y p i c a l d e n s i t y n ( H 2 ) ~ 5 x l 0 3 cm"" 3, some o f t h e s e r e g i o n s c a n n o t 
b e d e t e c t e d i n NH3 t o v e r y l o w l i m i t s . T h i s i s e s p e c i a l l y c l e a r i n t h e 
NGC1333 r e g i o n , w h e r e some o f t h e H-H o b j e c t s a r e f o u n d i n t h e l o w e r -
d e n s i t y p e r i p h e r y o f t h e NH3 c l o u d . F u r t h e r m o r e , r e g i o n s c o n t a i n i n g H-H 
o b j e c t s a p p e a r t o be q u i e s c e n t w i t h l i n e w i d t h s $ 0 . 6 km s ~ l , s o t h a t i f 
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dynamical interactions with dark cloud matter are present they must occur 
in the low density region where NH3 cannot be detected. Although our data 
appear to argue against the in situ model, we note that the present study 
cannot detect very compact <0.02 pc condensations. The nondetection of 
compact HII regions and H2O masers by Haschick et al. (1979) and Rodriguez 
et al. (1980) in the direction of H-H objects may be more relevant to 
the in situ question by eliminating the possibility of massive main sequ
ence stars. Discrete and continuous outflow phenomena are also consi
dered. We find that our present experiment cannot detect the very small 
ejected condensations proposed by Norman and Silk (1979) and Rodriguez 
et al. (1980), although observed hints of outflow from compact HII regions 
in the Serpens object may be consistent with a strong stellar wind. One 
major conclusion from our study is that there is poor spatial correlation 
between the detected dark cloud matter and other signposts of star for
mation such as the optical H-H objects, H2O masers, compact HII regions, 
and IR sources, which themselves are not well correlated in position. 
Considering the various difficulties of all current models of the H-H 
phenomena, we suggest the possibility that the aforementioned signposts 
may not be directly related to each other. Instead, we may be observing 
the formation of a spectrum of stars with different masses and possibly 
in different stages of evolution. In this context, detected cloud frag
ments may be the sites of future star formation. 

Mapping results of NGC1333 and Serpens reveal distinct density con
densations with masses of 30-200 M 0 . Rotation with a velocity gradient of 
the order of 1-2 km s~"l pc""1- is present, which accounts for the large 
scale velocity structures. Mutual rotation between fragments appears to 
be sufficient for stable orbits, although rotation by itself does not 
provide adequate support against the collapse of individual condensations. 
In particular there is in the NGC1333 region a massive fragment whose 
gravitational energy greatly exceeds the thermal energy; its apparent 
instability against collapse is confirmed by an observed region of enhanced 
line width spatially coincident with the densest position. Our results 
are also relevant to modeling of CO observations in the NGC1333 region, 
Snell and Loren (1977) proposed nonhomologous collapse to explain the 
CO line shapes observed towards NGC1333. We find however that the very 
narrow NH3 lines observed in the high density core appear to be incon
sistent with such a collapse law. More detailed modeling of the cloud 
structures in these regions appears to be necessary. 
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