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A b s t r a c t . Several tracers of the cold interstellar medium in its quiescent phase reveal 
common unexpected properties: the fractal nature of the emission contour levels, the self-
similar brightness distribution, the existence of small unresolved fragments of dense gas 
in various environments, and a highly turbulent velocity field. In spite of the difficulties 
met in interpreting these data, they are important bearings in our understanding of the 
structure, the physics and the chemistry of this medium. 

T h i s p a p e r is a r e v i e w of t h e o b s e r v a t i o n a l g r o u n d s of o u r p r e s e n t k n o w l e d g e 

of t h e s t r u c t u r e of q u i e s c e n t g a s . Q u i e s c e n t g a s is de f ined a s t h e c o m p o n e n t of t h e 

c o l d i n t e r s t e l l a r m e d i u m w h i c h i t h a s n o t y e t f o r m e d s t a r s a t a leve l l a r g e e n o u g h 

t o s i g n i f i c a n t l y p e r t u r b t h e g a s d y n a m i c s a n d c h e m i s t r y . Q u i e s c e n t g a s is e i t h e r 

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

r a d i a t i o n field. I t s h y d r o g e n a v e r a g e c o l u m n d e n s i t y at the parsec scale d o e s n o t 

e x c e e d a few 1 0 2 1 c m - 2 a n d i t s d e g r e e of g r a v i t a t i o n a l b i n d i n g d e p e n d s o n t h e 

l i n e a r s ca l e c o n s i d e r e d . I t is a g e n e r a l t e r m i n o l o g y b a s e d o n t h e p h y s i c s of t h e 

g a s . I t c l ea r ly i n c l u d e s diffuse, t r a n s l u c e n t , a n d h i g h l a t i t u d e c l o u d s w h i c h h a v e 

b e e n d i s t i n g u i s h e d i n t h e p a s t o n o b s e r v a t i o n a l g r o u n d s ( see v a n D i s h o e c k , t h i s 

v o l u m e ) . 

1. New observations: general trends 

W i t h t h e r e c e n t a d v e n t of e x t r e m e l y s e n s i t i v e d e t e c t o r s i n t h e m i l l i m e t r e , s u b -

m i l l i m e t r e a n d i n f r a - r e d r a n g e s , a n e w g e n e r a t i o n of m a p s c h a r a c t e r i z e d b y l a r g e 

d y n a m i c a l r a n g e s e v e n o v e r r e g i o n s of w e a k e m i s s i o n , h a s b r o u g h t i n t o l i g h t h i d -

d e n p r o p e r t i e s of t h e co ld i n t e r s t e l l a r m e d i u m . E v e n t h o u g h t h e i r i n t e r p r e t a t i o n is 

n o t s t r a i g h t f o r w a r d , i t is e n c o u r a g i n g t o r e c o g n i z e t h a t m o s t t r a c e r s of t h e c o l u m n 

d e n s i t y of q u i e s c e n t g a s a g r e e o n s e v e r a l g e n e r a l c h a r a c t e r i s t i c s w h i c h a r e g i v e n 

b e l o w . T h o s e t r a c e r s a r e : t h e I R A S lOO^ra e m i s s i o n w h i c h t r a c e s t h e w a r m d u s t 

c o l u m n d e n s i t y i n a r e a s fa r f r o m s t a r f o r m i n g r e g i o n s a n d t h e l ine i n t e g r a t e d C O 

a n d H I e m i s s i o n s w h i c h t r a c e t h e H2 a n d H I c o l u m n d e n s i t y . 

(i) A l a r g e c o n n e c t i v i t y of t h e e m i s s i o n m a k e s t h e c o n c e p t of " c l o u d " m o r e 

a n d m o r e e l u s i v e . T h i s is s p e c t a c u l a r l y i l l u s t r a t e d b y t h e m o s t r e c e n t I R A S 100p,m 

m a p s of t h e s k y p r o d u c e d b y t h e I m a g e P r o c e s s i n g a n d A n a l y s i s C e n t e r a t C a l t e c h 

( B o u l a n g e r , p r i v a t e c o m m u n i c a t i o n ) . O n e of t h e m is s h o w n o n t h e f r o n t c o v e r of 

t h e p r o c e e d i n g s of t h e I A U S y m p o s i u m 147 . 

N e w C O o b s e r v a t i o n s of l a r g e a r e a s o n t h e sky, d o w n t o u n p r e c e d e n t e d sen-

s i t i v i t y l i m i t s , r e v e a l t h a t t h e p r e v i o u s l y b e l i e v e d i s o l a t e d c l o u d s a r e i n fac t con -

n e c t e d b y w i d e s p r e a d e m i s s i o n a t a v e r y l o w level . Lee e t a l . ( 1 9 9 0 ) for i n s t a n c e 
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n o t e t h a t i t is n o t p o s s i b l e t o def ine c l o u d b o u n d a r i e s a t a level of 1.2K i n t h e 

s p a t i a l v e l o c i t y m a p s of t h e i n n e r G a l a t i c p l a n e , b e c a u s e , a t t h i s l eve l , t h e e m i s -

s ion f r o m al l c l o u d s i n t h e m a p m e r g e t o g e t h e r . H e i t h a u s e n a n d T h a d d e u s ( 1 9 9 0 ) 

h a v e e x t e n d e d t h e i r s u r v e y of t h e P o l a r i s F l a r e t o t h e N o r t h G a l a c t i c P o l e a n d 

find t h a t t h e C O e m i s s i o n e x t e n d s o v e r ~ 4 0 p c a t a leve l W(CO) = 0 . 4 K k m s _ 1 . 

I t c o r r e s p o n d s , for t h e s t a n d a r d C O / H 2 c o n v e r s i o n f a c t o r , t o q u i t e a l o w c o l u m n 

d e n s i t y , Nr2 ~ 1 0 2 0 c m ~ 2 . I n t h e s e n e w m a p s , C O p e a k s c l ea r l y ex i s t b u t a r e 

c o n n e c t e d i n p r o j e c t i o n b y l a r g e a r e a s of l o w i n t e n s i t y e m i s s i o n . 

R e c e n t o b s e r v a t i o n s of a n H I n e a r b y c l o u d i n U r s a M a j o r i s w i t h t h e P e n t i c t o n 

i n t e r f e r o m e t e r a l so r e v e a l l o n g filamentary s t r u c t u r e s , t h e m o r p h o l o g y of w h i c h is 

r a p i d l y c h a n g i n g w i t h v e l o c i t y ( J o n c a s , B o u l a n g e r a n d D e w d n e y , 1 9 9 2 ) . 

(ii) U n r e s o l v e d s t r u c t u r e e x i s t s i n al l t h e m a p s ( t h e s m a l l e s t o b s e r v e d s t r u c -

t u r e s i n q u i e s c e n t g a s a r e ~ 0 .01 p c , a l i m i t p r o v i d e d b y s ing le d i s h o b s e r v a t i o n s of 

r o t a t i o n a l t r a n s i t i o n s of C O i n t h e n e a r e s t c l o u d s ) . T h i s s t r u c t u r e is u s u a l l y m o r e 

v i s ib l e i n c h a n n e l m a p s a n d is f o u n d e v e n i n t h e m o s t t r a n s p a r e n t p a r t s ( F a l -

g a r o n e a n d P e r a u l t 1988 ; F a l g a r o n e , P h i l l i p s a n d W a l k e r 1 9 9 1 ; F a l g a r o n e , P u g e t 

a n d P e r a u l t 1 9 9 2 ) . I n t h e T a u r u s - A u r i g a - P e r s e u s c o m p l e x , a r e g i o n of a v e r a g e H2 

c o l u m n d e n s i t y ~ 8 x 1 0 2 0 c m " 2 w a s m a p p e d a t h i g h a n g u l a r r e s o l u t i o n i n t h e 
1 2 C O ( J = 2 - l ) a n d ( J = 3 - 2 ) t r a n s i t i o n s . H o l e s a p p e a r b e t w e e n b r i g h t r e g i o n s of a l l 

p o s s i b l e s izes . A s i n al l o t h e r m a p s ( i n f r a - r e d a n d H I ) , n o c h a r a c t e r i s t i c s ca l e is 

v i s ib l e . 

(Hi) T h e r e is a c l e a r s ca l e i n v a r i a n c e of t h e m a p s of i n t e g r a t e d e m i s s i o n . T h e 

m a x i m a l v a r i a t i o n s of W(CO) i n a m a p , for e x a m p l e , s ca l e w i t h t h e s e p a r a t i o n 

o v e r w h i c h t h e y a r e o b s e r v e d . T h i s s ca l e i n v a r i a n c e is a t t h e o r i g i n of t h e f r a c t a l 

g e o m e t r y of t h e e m i s s i o n c o n t o u r s d i s c u s s e d b e l o w . 

C o n t r a s t i n g w i t h t h e a g r e e m e n t s h a r e d b y t h e t r a c e r s of c o l u m n d e n s i t y , 

l a r g e v a r i a t i o n s a r e f o u n d a m o n g " s p e c t r a l " t r a c e r s . I l l u s t r a t i o n s a r e p r o v i d e d 

b y B o u l a n g e r e t a l . ( 1 9 9 0 ) w h o f o u n d s m a l l s ca l e i n f r a r e d co lo r fluctuations i n t h e 

I R A S m a p s of n e a r b y m o l e c u l a r c l o u d s . T h e y c a n n o t b e e x p l a i n e d b y v a r i a t i o n s 

i n t h e a m b i e n t r a d i a t i o n field b e c a u s e t h e U V s h i e l d i n g i n t h e s e c l o u d s is l o w 

e v e r y w h e r e . T h e y l ike ly r e v e a l t h e e x i s t e n c e of c o m p l e x a n d r a p i d e x c h a n g e s of 

c o n s t i t u e n t s b e t w e e n t h e g a s p h a s e a n d t h e d u s t g r a i n su r f ace s . 

A n o t h e r p u z z l e h a s b e e n r a i s e d b y a b y - p r o d u c t of t h e d e e p C C D s u r v e y of 

f a in t field g a l a x i e s of G u h a t h a k u r t a a n d T y s o n ( 1 9 9 0 ) . T h e y find t h a t , i n s e v e r a l 

h i g h l a t i t u d e c l o u d s , t h e v i s ib le e m i s s i o n is c o r r e l a t e d a t l a r g e s ca l e w i t h t h e I R A S 

100 fim e m i s s i o n a l t h o u g h a t s m a l l s ca l e fluctuations of t h e r a t i o Ig jIioo^,m a s 

l a r g e a s 10 a p p e a r o v e r al l s i zesca les . A l i k e t h e I R A S co lo r v a r i a t i o n s d e s c r i b e d 

a b o v e , t h e s e fluctuations a r e n o t eas i ly u n d e r s t o o d i n t e r m s of e x t i n c t i o n v a r i a t i o n s 

b e c a u s e t h e y o c c u r i n g a s of e x t r e m e l y l o w c o l u m n d e n s i t y . 

2 . Fractal structure 

T h e first p o i n t o v e r w h i c h , s u r p r i s i n g l y , m a n y a u t h o r s a g r e e is t h a t t h e c o m p l e x 

s t r u c t u r e of t h e m a p s c a n b e d e s c r i b e d w i t h t h e t o o l s of f r a c t a l g e o m e t r y . 

https://doi.org/10.1017/S0074180900089920 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900089920


161 

Is f r a c t a l a s t r u c t u r e i n w h i c h t h e n u m b e r of e l e m e n t s n e c e s s a r y t o c o v e r i t 

i n c r e a s e s a s a p o w e r l a w of e i t h e r t h e s ize of t h e e l e m e n t s ( i n a f r a c t a l of f in i te 

s ize) o r t h e s ize of t h e s t r u c t u r e ( i n a g r o w i n g f r a c t a l ) . T h e e x p o n e n t m a y b e a n 

i n t e g e r . T h e f r a c t a l b e h a v i o u r a p p e a r s a s s o o n a s t h i s e x p o n e n t is s m a l l e r t h a n 

t h e d i m e n s i o n of t h e e m b e d d i n g s p a c e . T h e e s s e n t i a l p r o p e r t y of f r a c t a l s is t h e i r 

s c a l e i n v a r i a n c e . 

Al l t h e a t t e m p t s t o m e a s u r e t h e f r a c t a l d i m e n s i o n of t h e e m i s s i o n c o n t o u r 

l eve l s of s e v e r a l t r a c e r s of q u i e s c e n t g a s h a v e l e a d t o s i m i l a r v a l u e s of D 5 . T h e 

m e t h o d u s e d is t h e s a m e . I t is a n e s t i m a t e of t h e a r e a a n d p e r i m e t e r of a g i v e n 

c o n t o u r , w h i c h s c a l e a s P a ADB/2 if t h e c o n t o u r is f r a c t a l of d i m e n s i o n DB- A n -

o t h e r i n d e p e n d e n t d e t e r m i n a t i o n of DB is p r o v i d e d b y t h e s c a l i n g of t h e p e r i m e t e r 

w i t h t h e r e s o l u t i o n e a t w h i c h i t is m e a s u r e d , P oc € 1 ~ D b (Love joy , 1 9 8 2 ) . 

I n t h e T a u r u s c o m p l e x , F a l g a r o n e , P h i l l i p s a n d W a l k e r ( 1 9 9 0 ) find t h a t t h e 

d i m e n s i o n is t h e s a m e , DB ~ 1.4, n o t o n l y a t t h r e e d i f fe ren t l i n e a r s ca l e s b u t for 

t h r e e d i f fe ren t r o t a t i o n a l t r a n s i t i o n s of C O w h i c h a r e s e n s i t i v e t o g a s of d i f ferent 

d e n s i t i e s . T h i s d i m e n s i o n is c o m p a r a b l e t o t h a t f o u n d o n I R A S 1 0 0 / i m e m i s s i o n 

m a p s of t h e T a u r u s c o m p l e x ( S c a l o , 1990 ) , of a h i g h l a t i t u d e c l o u d ( B a z e l l a n d 

D e s e r t , 1988) a n d of o t h e r n e a r b y c l o u d s ( D i c k m a n , H o r v a r t h a n d M a r g u l i s , 1990) 

a s we l l a s for t h e H I e m i s s i o n i n a h i g h v e l o c i t y c l o u d ( W a k k e r 1 9 9 0 ) . 

T h e s u r p r i s i n g f ac t , n a m e l y w h i c h e v e r t r a c e r is u s e d t h e f r a c t a l d i m e n s i o n is 

t h e s a m e , s u g g e s t s t h a t l o w e r d e n s i t y m o l e c u l a r g a s a n d e v e n co ld a t o m i c g a s a r e 

d i s t r i b u t e d o n s e t s w h i c h h a v e t h e s a m e f r a c t a l t o p o l o g y a s t h a t of d e n s e r g a s , for 

i n s t a n c e t h a t s e e n i n 1 2 C O ( J = 3 - 2 ) . 

T h i s v a l u e is i n d i c a t i v e of a p o s s i b l e l i nk b e t w e e n t h e t o p o l o g y of t h e co ld 

i n t e r s t e l l a r m e d i u m a n d t h e ro l e of t u r b u l e n c e i n s t r u c t u r i n g i t . S r e e n i v a s a n a n d 

M e n e v e a u ( 1 9 8 6 ) m e a s u r e t h e s a m e f r a c t a l d i m e n s i o n for a v a r i e t y of i n t e r f a c e s 

i n t u r b u l e n t flows a n d m o r e speci f ica l ly for t h e su r f aces of i s o d i s s i p a t i o n of t h e 

k i n e t i c e n e r g y . 

T h e k n o w l e d g e of t h e f r a c t a l d i m e n s i o n of a p r o j e c t e d q u a n t i t y , s u c h a s t h e 

i n t e g r a t e d b r i g h t n e s s , d o e s n o t p r o v i d e t h e a c t u a l s p a t i a l d i s t r i b u t i o n of t h e g a s 

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

b e c o m p a r e d w i t h t h e d i m e n s i o n s f o u n d in o t h e r s y s t e m s i n P h y s i c s , o r for o t h e r 

t r a c e r s of m a t t e r i n A s t r o p h y s i c s . W e d e s c r i b e b e l o w t h e m e t h o d s fo l lowed t o 

d e r i v e g a s d e n s i t i e s f r o m t h e c o m p l e x m a p s o b t a i n e d i n t h e C O r o t a t i o n a l l i nes , 

for e x a m p l e . 

3 . Density structure 

I n a d d r e s s i n g t h e i s sue of t h e d e n s i t y of ( m o l e c u l a r ) c l o u d s , o n e h a s t o d i s t i n g u i s h 

b e t w e e n t h e a v e r a g e d e n s i t y o v e r a g i v e n s izesca le a n d t h e l o c a l d e n s i t y w h i c h m a y 

b e v e r y d i f fe ren t f r o m t h e f o r m e r . 

T h e a v e r a g e d e n s i t y i n m o l e c u l a r c l o u d s is u s u a l l y d e r i v e d f r o m a n e x c e s s 

a b o v e a l oca l b a c k g r o u n d of i n t e g r a t e d C O ( o r i s o t o p e s ) e m i s s i o n f o u n d i n s p a c e -

v e l o c i t y m a p s . T h i s exces s is t h e n c o n v e r t e d i n t o a c o l u m n d e n s i t y b y u s i n g e i t h e r 
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empirical relat ions between observed line in tegra ted intensit ies and the H2 column 
densi ty or conversion factors (see the panned discussion, this conference). T h e last 
s tep is t he conversion of the column density NH in to an average densi ty over /, 
n # ( / ) = NH/1 where / is t he projected size of the observed excess. 

Fig . 1. (a) Ave rage hydrogen dens i ty versus size in an ensemble of s t r u c t u r e s from 

different samples of quiescent gas ( large symbols : Fa lgarone et a l . 1992; He rbe r t z et 

al . 1991; C a r r 1988; small symbols : Fa lga rone , P e r a u l t a n d P u g e t 1985; Fa lga rone a n d 

P e r a u l t 1987). T h e line nn oc Z - 1 is t h a t given in Fa lgarone a n d P u g e t (1986) for an 

ensemble of self-gravi tat ing s t ruc tu re s , (b) Virial mass versus t o t a l gas (hyd rogen plus 

he l ium) mass for t h e s a m e s t r u c t u r e s . T h e line shows Mv = Mg. N o t e t h a t t h e s ample 

includes s t r u c t u r e s u p t o Mv ~ 100 Mg. 

W h e n the works of different groups following comparable me thods of analysis 
over samples of quiescent gas are pu t together , t he net result , i l lustrated in Fig. 
1, is a gross dependence of the m a x i m u m average densi ty at a given scale as the 
inverse of the size down to 0 .02 pc wi th a large spread in each range of size toward 
low average densities (Falgarone, Puge t and Perau l t , 1 9 9 2 ) . As a result , t he sample 
includes s t ruc tures which span the whole range from far below u p to close to virial 
equil ibrium (F ig . l b ) . T h e results shown in Fig. 1 have been derived from 1 2 C O , 
1 3 C O and C 1 8 0 da ta . It is remarkable t ha t no segregation appea r s among the 
various densi ty determinat ions . 

T h e local densi ty in t u r n is derived from our knowledge of the exci ta t ion 
mechanisms of the ro ta t ional levels of molecules. Bu t the derivat ion is far from 
straightforward. It implicitly assumes t h a t quiescent gas has general proper t ies , 
whichever individual cloud it belongs to . It also heavily relies on t he scale invari-
ance proper t ies described above and the conclusions are derived from a body of 
elements r a the r t h a n from a single set of observations. 
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Fig . 2. (a) 1 3 C O ( J = 1 - 0 ) ( th in line) a n d ( J = 2 - l ) ( thick l ine) s p e c t r a of t h e inte-

g r a t e d emission of th ree different fields in quiescent c louds . The i r sizes a re respect ively 

0 . 0 7 X 0 .07 p c , 0 .2 X 0 .05 p c a n d 0 .01 X 0 .01 p c . T h e t e m p e r a t u r e scale is t h a t of t h e 
1 3 C O ( J = 1-0) l ine. T h e 2-1/1-0 line in tens i ty ra t ios are 0.5, 0.4 a n d 0.45 respectively, (b) 

S a m e wi th t h e 1 2 C O lines over a different field (size 0 . 2 p c X 0 .1 p c ) . T h e line 2-1/1-0 

line in tens i ty ra t io is 0.75 (main b e a m t e m p e r a t u r e ) . 

T h e m a j o r e l e m e n t is t h e s p e c t a c u l a r s i m i l a r i t y of t h e e n t i r e J = l - 0 a n d 2-1 

prof i les i n 1 3 C O ( F i g . 2 a ) a n d 1 2 C O ( F i g . 2 b ) . I t m e a n s t h a t t h e l i ne t e m p e r a t u r e 

r a t i o is u n i f o r m o v e r a l a r g e r a n g e of N{CO)jAv a n d / o r l i ne i n t e n s i t i e s . A n o t h e r 

e l e m e n t is t h e u n i f o r m i t y of t h e 1 2 C O ( J = 3 - 2 ) t o ( J = 2 - l ) l ine i n t e g r a t e d i n t e n -

s i t y r a t i o o v e r o n e o r d e r of m a g n i t u d e of l i ne i n t e n s i t y ( F a l g a r o n e e t a l . 1 9 9 1 ) . 

T h e s e r e s u l t s b a s i c a l l y s u g g e s t t h a t p h o t o n t r a p p i n g d o e s n o t p l a y a r o l e i n t h e 

l i n e e x c i t a t i o n . F o r 1 3 C O , s e v e r a l p o s s i b i l i t i e s e x i s t , n a m e l y s u b t h e r m a l l y e x c i t e d 

t r a n s i t i o n s a n d w a r m g a s , o r t h e r m a l e x c i t a t i o n i n c o l d e r g a s . B u t for 1 2 C O , w h i c h 

is o p t i c a l l y t h i c k , t h e r m a l i z a t i o n is c l ea r l y i n f e r r e d . A c c o r d i n g t o e x i s t i n g e x c i t a -

t i o n m o d e l s , t h e l o c a l d e n s i t y is t h e r e f o r e of t h e o r d e r of 1 0 4 c m - 3 ( o r e v e n l a r g e r ) 

b u t t h e e x a c t v a l u e is m o d e l d e p e n d e n t . T h e a p p a r e n t d i s a g r e e m e n t b e t w e e n t h e 

g a s d e n s i t y d e r i v e d b y t h i s m e t h o d a n d t h a t d e r i v e d f r o m l i ne a b s o r p t i o n prof i les 

i n t h e U V a n d v i s i b l e ( see v a n D i s h o e c k , t h i s v o l u m e ) is u n c o m f o r t a b l e a n d h a s 

t o b e u n d e r s t o o d . 

I t m a y b e a r g u e d t h a t t h e k i n e t i c t e m p e r a t u r e is n o t we l l k n o w n . H o w e v e r , 

a n i n d i r e c t a r g u m e n t ( a g a i n ) f a v o r s l ow k i n e t i c t e m p e r a t u r e s for t h e C O e m i t t i n g 
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r e g i o n s . T h e m a x i m a of C O a n t e n n a t e m p e r a t u r e a r e a l w a y s l o w in q u i e s c e n t 

r e g i o n s . H i s t o g r a m s of p e a k a n t e n n a t e m p e r a t u r e s of s e v e r a l m a p s s h o w c l e a r 

m a x i m a b e t w e e n 7 K a n d 9 K i n t h e 1 2 C O ( J = 1 - 0 ) l ine a n d b e t w e e n 3 K a n d 5 K i n 

t h e 1 2 C O ( J = 2 - l ) l ine ( C l e m e n s a n d B a r v a i n i s , 1 9 8 8 ) . T h e s e v a l u e s s u g g e s t k i n e t i c 

t e m p e r a t u r e s of t h e o r d e r of 1 0 K o r less , if C O e m i s s i o n is t h e r m a l i z e d a l t h o u g h 

h i g h e r Tk a r e e x p e c t e d i n t h e l e a s t s h i e l d e d r e g i o n s . 

T h e s e r e s u l t s f avo r a p i c t u r e i n w h i c h t h e C O e m i s s i o n a r i s e s i n a n e n s e m b l e 

of t i n y , d e n s e a n d co ld s t r u c t u r e s , d i s t r i b u t e d o n a f r a c t a l se t i m m e r s e d i n a l o w e r 

d e n s i t y a n d w a r m e r c o m p o n e n t . T h e u l t i m a t e s ca l e h a s t o b e s m a l l , ~ 1000AJ7 , 

b e c a u s e of t h e o b s e r v e d s m o o t h n e s s of t h e l ine prof i les ( T a u b e r , G o l d s m i t h a n d 

D i c k m a n , 1 9 9 1 ; F a l g a r o n e e t a l . 1 9 9 2 ) . 

I t is e v e n p o s s i b l e t h a t s u c h t i n y d e n s e s t r u c t u r e s ex i s t i n a t o m i c g a s . V e r y 

L o n g B a s e l i n e I n t e r f e r o m e t r y ( V L B I ) m e a s u r e m e n t s of H I a b s o r p t i o n a g a i n s t sev-

e r a l e x t r a g a l a c t i c s o u r c e s ( D i a m o n d e t a l . 1989) r e v e a l l ine o p a c i t y v a r i a t i o n s o v e r 

a n g u l a r s ca l e s ~ 0 . 0 5 " p o s s i b l y o r i g i n a t i n g i n d e n s e s t r u c t u r e s of a t o m i c h y d r o g e n 

riHi ~ 1 0 4 — 1 0 5 c m - 3 s m a l l e r t h a n ~ 25 AU. I n t h e s u m m a r y of t h e i r r e v i e w 

o n t h e H I e m i s s i o n , D i c k e y a n d L o c k m a n (1991 ) n o t e t h a t " . . . a p e r t u r e s y n t h e s i s 

o b s e r v a t i o n s d o s h o w s o m e v a r i a t i o n s i n 2 1 c m o p a c i t y o n a l l a n g u l a r s c a l e s " . 

4. Velocity structure 

Q u i e s c e n t g a s is h i g h l y t u r b u l e n t a n d t h e o b s e r v e d i n t e r n a l m o t i o n s h a v e s e v e r a l 

we l l -de f ined p r o p e r t i e s . T h e first m o m e n t s of t h e v e l o c i t y d i s t r i b u t i o n sca l e a s 

Sv oc l a w i t h a ~ 0.4 ( F a l g a r o n e e t a l . 1992 ) , a s c a l i n g l a w s i m i l a r t o t h a t f o u n d 

b y L a r s o n ( 1 9 8 1 ) a m o n g m o l e c u l a r c l o u d s of a l l k i n d s . T h i s s c a l i n g is n o t g o v e r n e d 

o n l y b y g r a v i t y s ince i t is f o u n d in a l a r g e s a m p l e of m o s t l y u n b o u n d e n t i t i e s , of 

s izes r a n g i n g f r o m 0 .05 p c t o 50 p c . I t is v e r y l ike ly g o v e r n e d b y M H D t u r b u l e n c e 

( M y e r s a n d G o o d m a n , 1 9 8 8 a a n d b ) . T h e s e c o n d c h a r a c t e r i s t i c of t h e v e l o c i t y field, 

a s p r o v i d e d b y t h e l ineprof i l es , is t h e e x i s t e n c e of h i g h v e l o c i t y w i n g s w h i c h a r e 

n o t d u e t o s t e l l a r o u t f l o w s . I t h a s b e e n p r o p o s e d t h a t t h e s e w i n g s a r e d u e t o c l o u d 

e v a p o r a t i o n ( M a g n a n i e t a l . 1988) t o c l o u d co l l i s ions ( K e t o a n d l a t t a n z i o 1989 ) o r 

A l fven w a v e s ( E l m e g r e e n 1990) . B u t t h e s ca l e i n v a r i a n c e of t h e l i n e w i n g s a n d t h e 

fac t t h a t t h e g a s w h i c h e m i t s i n t h e w i n g s is a s d e n s e a n d co ld a s t h a t w h i c h e m i t s 

i n t h e c o r e s s u g g e s t t h a t t h e C O l ine prof i les t r a c e t h e z o n e s of i n t e r m i t t e n c y of t h e 

t u r b u l e n t v e l o c i t y field ( F a l g a r o n e a n d P h i l l i p s 1 9 9 0 ) . T h e y a r e z o n e s of e p h e m e r a l 

e n h a n c e d v o r t i c i t y a n d s h e a r w h i c h a r e a l so t h o s e i n w h i c h t h e d i s s i p a t i o n of t h e 

t u r b u l e n t k i n e t i c e n e r g y is c o n c e n t r a t e d . I n t e r m i t t e n c y is o b s e r v e d i n l a b o r a t o r y 

flows ( A n s e l m e t e t a l . 1984 , i n a t m o s p h e r i c c l o u d s ( v a n A t t a a n d P a r k 1971 ) a n d 

i n n u m e r i c a l s i m u l a t i o n s ( V i n c e n t a n d M e n e g u z z i 1 9 9 1 ) . I t is c h a r a c t e r i z e d b y 

n o n - G a u s s i a n d i s t r i b u t i o n s of t h e v e l o c i t y d e r i v a t i v e s a n d i n c r e m e n t s . 

I m p o r t a n t c o n s e q u e n c e s c a n b e d r a w n . T h e l i m i t b e t w e e n m a c r o s c o p i c a n d 

m i c r o s c o p i c p r o c e s s e s t e n d s t o d i s a p p e a r i n t h e s e r e g i o n s if o n e c o n s i d e r s t h a t t h e 

d i s s i p a t i o n s ca l e is o n l y a few t i m e s l a r g e r t h a n t h e m e a n free p a t h for a n e u t r a l 

n e u t r a l co l l i s ion a t d e n s i t i e s b e t w e e n 1 0 2 c m - 3 a n d 1 0 3 c m - 3 . A l s o t h e d i s s i p a t i o n 
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z o n e s h a v e b e e n e s t i m a t e d t o b e v e r y h o t . T h e k i n e t i c t e m p e r a t u r e d e p e n d s o n 

t h e i r v o l u m e filling f a c t o r . O n e finds Tk ~ 100K — 103K for / „ ~ 1 0 ~ 3 for a l ow 

a n d h i g h i o n i z a t i o n d e g r e e r e s p e c t i v e l y . T h i s l oca l l y h i g h k i n e t i c t e m p e r a t u r e s d o 

i n c r e a s e t h e r a t e of s o m e c h e m i c a l r e a c t i o n s , i n p a r t i c u l a r r a d i a t i v e a s s o c i a t i o n s 

( L i g n i e r e s a n d F a l g a r o n e 1 9 9 2 ) . 

5. Concluding remarks 

Q u i e s c e n t c l o u d s h a v e a sca le i n v a r i a n t s t r u c t u r e w i t h f r a c t a l e d g e s of d i m e n s i o n 

Db ~ 1.4 — 1.5 i n d e p e n d e n t of t h e t r a c e r u s e d ( H I , C O , o r 100 / m i ) o v e r d e c a d e s 

of l i n e a r s ca l e s ( < 0.1 p c t o 50 p c ) . T h e i r s t r u c t u r e is v e r y l ike ly t h e r e s u l t of M H D 

t u r b u l e n c e . 

C O e m i t t i n g g a s i n t h e s e c l o u d s is co ld , c o n c e n t r a t e d i n t i n y u n i t s < 1000AJ7 . 

T h e l o c a l d e n s i t y is h i g h ~ 1 0 4 c m - 3 o r e v e n l a r g e r , t h e a c t u a l v a l u e d e p e n d i n g 

o n t h e co l l i s iona l e x c i t a t i o n r a t e s . 

T h e g a s is t u r b u l e n t a n d e x h i b i t s t h e s i g n a t u r e s of i n t e r m i t t e n c y , i n p a r t i c u l a r 

t h e n o n - G a u s s i a n d i s t r i b u t i o n of t h e v e l o c i t y i n c r e m e n t s . I n t e r m i t t e n c y m i g h t b e 

a t t h e o r i g i n of l o c a l a n d t r a n s i e n t z o n e s of v e r y h i g h k i n e t i c t e m p e r a t u r e . 

A l o n g l ist of o p e n q u e s t i o n s s h o u l d fol low b u t t h e p a g e n u m b e r l i m i t a t i o n h a s 

a l r e a d y b e e n o v e r s t e p p e d . W e a n t i c i p a t e t h a t o u r u n d e r s t a n d i n g of t h e c o m p l e x 

s t r u c t u r e of q u i e s c e n t g a s m i g h t h e l p e l u c i d a t i n g t h e m o s t flagrant m y s t e r i e s of 

c h e m i s t r y , l ike t h e f o r m a t i o n of C H + . 
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Q U E S T I O N S A N D A N S W E R S 

J . C . P e c k e r : You admit that turbulence (the Kolmogorov-spectrum, I presume) governs 
the fractal behavior of density distribution and "edge" struture. But in some cases, the 
Kolmogorov spectrum is known to be valid only in a certain scale interval of size (I am 
refering to Muller and Roudier study of the solar turbulent field). So my question: don't 
you think that, at unresolved scales, the fractal coefficient D might perhaps change its 
value (from about 2 to ...less, or to about 3!)? And, if so, could not models admit a 
possible range of variation of D between the resolved and the unresolved structures? 

E . F a l g a r o n e : Yes, but there is not even agreement among theorists on the possible dif-
ferent links between the fractal dimension of turbulent interfaces (and dissipation zones) 
and the slope of the velocity-size power law correlation in laboratory incompressible turbu-
lence. Turbulence in interstellar clouds is still much more complex because of the presence 
of magnetic field and we are far from being able to model the entire hierarchy. 

A . L e g e r : Can you form CjET+ in your T = 1 0 2 - 1 0 3 K regions? 

E . F a l g a r o n e : On energetical grounds only, CH+ formation is therefore possible there. 
But detailed computations are needed which would include all the time and density de-
pendences, very similar to what has been done in shocks. 
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