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A . M . W o l f e 

U n i v e r s i t y o f C a l i f o r n i a , S a n D i e g o a n d 

U n i v e r s i t y o f P i t t s b u r g h 

21 c m s t u d i e s , c a r r i e d o u t w i t h t h e 305 m t e l e s c o p e a t A r e c i b o , 

o f a b s o r p t i o n - l i n e c l o u d s i n Q S O s h a v e r e s u l t e d in t h e f o l l o w i n g d i s ­

c o v e r i e s : (a) A s e a r c h f o r 21 c m a b s o r p t i o n in r e d s h i f t s y s t e m s 

s e l e c t e d f o r e x h i b i t i n g M g I I / F e II a b s o r p t i o n in r a d i o - b r i g h t Q S O s 

r e s u l t e d i n t h e d e t e c t i o n of a z « 0, 4 21 c m l i n e i n P K S 1 2 2 9 - 0 2 ; 

(b) t h e d e t e c t i o n o f 21 c m a b s o r p t i o n a t z « 1 . 8 in M C 3 1 3 3 1 + 1 7 0 ; 

a n d (c) t h e d i s c o v e r y o f 21 c m e m i s s i o n f r o m r e g i o n s ~ 100 k p c d i s ­

t a n t f r o m t h e S c l g a l a x y N G C 6 2 8 , t h a t o c c u r r e d d u r i n g a s e a r c h f o r 

o u t l y i n g H I i n a c o m p l e t e s a m p l e of s p i r a l g a l a x i e s . 

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

I s h a l l d i s c u s s r e s u l t s of r e c e n t e x p e r i m e n t s c a r r i e d out d u r i n g 

t h e p a s t y e a r w h o s e o b j e c t i v e w a s t o u n d e r s t a n d t h e n a t u r e o f a b s o r p ­

t i o n - l i n e c l o u d s i n Q S O s . I s h a l l a l s o d i s c u s s s o m e t h e o r e t i c a l w o r k 

t h a t h a s g r o w n o u t o f t h e s e s t u d i e s . B e c a u s e a d e t a i l e d v e r s i o n o f a n 

i d e n t i c a l p a p e r w i l l b e p u b l i s h e d e l s e w h e r e ( W o l f e 1 9 8 0 ) , I s h a l l s u m ­

m a r i z e t h e r e s u l t s v e r y b r i e f l y . 

B . D E T E C T I O N O F 21 C M A B S O R P T I O N I N 1 3 3 1 + 1 7 0 

T h e v e r y s t r o n g L a a b s o r p t i o n f e a t u r e a t z « 1 . 8 i n 1 3 3 1 + 1 7 0 

( C a r s w e l l e t a l . 1 9 7 5 ) m a k e s t h i s r e d s h i f t s y s t e m a p r i m e c a n d i d a t e 

f o r 21 c m a b s o r p t i o n . A l a r g e H I c o l u m n d e n s i t y , N ( H I) ~ 1 O 2 * c m " 2 , 

i s i n d i c a t e d b e c a u s e t h e r e s t - f r a m e e q u i v a l e n t w i d t h o f L . a , W ^ ~ 20 A , 
i s m u c h l a r g e r t h a n e q u i v a l e n t w i d t h s o f t h e h e a v y - e l e m e n t l i n e s i d e n t i ­

f i e d w i t h t h e t w o r e d s h i f t s y s t e m s c o m p r i s i n g t h i s a b s o r p t i o n c o m p l e x ; 

a n d t h i s i s t h e c a s e i f L a i s o n t h e d a m p i n g p o r t i o n of t h e c u r v e - o f -

g r o w t h . R e c e n t s p e c t r a l s c a n s o f t h e L a a b s o r p t i o n t r o u g h ( H e g g e , 

G.O. Abell and P. J. E. Peebles feds.), Objects of High Redshift, 153-159. 
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L i e b e r t , a n d S t r i t t m a t t e r 1 9 7 9 ) s h o w t h a t m o s t o f t h e a b s o r p t i o n a r i s e s 

i n s y s t e m A ( z ^ = 1 . 7 7 6 3) r a t h e r t h a n i n s y s t e m B (Z-Q - 1 . 7 8 5 1 ) . 

M . M . D a v i s a n d I r e c e n t l y d e t e c t e d a 21 c m a b s o r p t i o n l i n e i n 

s y s t e m A ( W o l f e a n d D a v i s 1 9 7 9 ) . T h i s w e a k a b s o r p t i o n f e a t u r e h a s 

a n o p t i c a l d e p t h T ( 2 1 ) = 0. 02 a n d t h e l i n e p r o f i l e c a n b e f i t b y a 

G a u s s i a n f u n c t i o n w i t h v e l o c i t y d i s p e r s i o n O - 8 . 5 k m s~* . T h e d e t e c ­

t i o n o f 21 c m a b s o r p t i o n a n d L a a b s o r p t i o n in t h e s a m e m a t e r i a l 

a l l o w s a d e t e r m i n a t i o n o f t h e h y d r o g e n s p i n t e m p e r a t u r e T g in a h i g h - z 

o b j e c t f o r t h e f i r s t t i m e ( W o l f e 1 9 7 9 ) . W e f i n d t h a t T s < 980 K : t h e 

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

c o v e r t h e e n t i r e r a d i o s o u r c e . W h e n c o m b i n e d w i t h t h e u p p e r l i m i t s 

o n c o l l i s i o n a l d e - e x c i t a t i o n s e t b y t h e a b s e n c e o f C II X 1 3 3 5 . 7 a b s o r p ­

t i o n f r o m the J = 7 / 2 f i n e - s t r u c t u r e l e v e l , t h i s l i m i t o n T s r e q u i r e s 

t h a t s y s t e m A b e f u r t h e r t h a n d » f e w k p c f r o m 1 3 3 1 + 1 7 0 ; o t h e r w i s e 

21 c m c o n t i n u u m e x c i t a t i o n s w o u l d r a i s e T s a b o v e 980 K . T h i s l i m i t 

w o u l d r u l e o u t r a d i a t i v e e j e c t i o n a t t h e i m p l i e d v e l o c i t y o f u ^ 0. 1 c 

f r o m t h i s z = 2. 08 Q S O . 

S y s t e m A c o u l d b e c l o s e r t o 1 3 3 1 + 1 7 0 p r o v i d e d t h a t a n o t h e r 

s o u r c e o f h y p e r f i n e e x c i t a t i o n d o m i n a t e s t h e 21 c m c o n t i n u u m . L a 

p u m p i n g of t h e g r o u n d h y p e r f i n e l e v e l s v i a 2 p e x c i t a t i o n s i s a n i n t e r ­

e s t i n g p o s s i b i l i t y s i n c e a t o m i c r e c o i l c a u s e s T g -» , w h e r e i s 

t h e l o c a l k i n e t i c t e m p e r a t u r e ( F i e l d 1 9 5 9 ) : T ^ i s e x p e c t e d t o b e l e s s 

t h a n 980 K i n t h e H I r e g i o n t h a t g i v e s r i s e t o 21 c m a b s o r p t i o n . 

F u r t h e r m o r e , r e c o m b i n a t i o n L a p r o d u c e d t h r o u g h p h o t o i o n i z a t i o n b y 

t h e Q S O L y m a n c o n t i n u u m r e s u l t s i n a p u m p i n g r a t e t h a t i s m a n y o r d e r s 

o f m a g n i t u d e l a r g e r t h a n t h e e x c i t a t i o n r a t e d u e t o 21 c m r a d i a t i o n 

e m i t t e d b y 1 3 3 1 + 1 7 0 . T h e p r o b l e m i s t h a t L a i s p r o d u c e d i n t h e H II 

r e g i o n t h a t f a c e s t h e Q S O , w h i l e 21 c m a b s o r p t i o n a r i s e s i n t h e o u t w a r d 

f a c i n g H I r e g i o n w h i c h h a s a n o p t i c a l d e p t h i n L a o f T ( L a ) ~ 1 0 ^ . 

T h u s i t i s n o t c l e a r w h e t h e r L a r e m a i n s s t r o n g e n o u g h t o c a u s e p u m p ­

i n g a f t e r p r o p a g a t i n g i n t o t h i s e x t r e m e l y o p a q u e m e d i u m . 

J . J . U r b a n i a k a n d I ( U r b a n i a k a n d W o l f e 1 9 7 9) h a v e s t u d i e d t h e 
t r a n s f e r o f L a t h a t a r i s e s in t h e H II r e g i o n a n d p r o p a g a t e s a c r o s s a n 
i o n i z a t i o n f r o n t i n t o t h e H I r e g i o n . T h e i m p o r t a n t p a r a m e t e r s in t h i s 
p r o b l e m a r e v , t h e r e l a t i v e v e l o c i t y b e t w e e n H II a n d H I r e g i o n s , a n d 
O a n d N ( H I) o f the H I r e g i o n . F o r a l l p l a u s i b l e v a l u e s of v , t h a t i s 
0 < | v | < 250 k m s " 1 , w e f i n d t h a t L a p u m p i n g d o m i n a t e s t h e 21 c m 
c o n t i n u u m . S o l u t i o n s w i t h l a r g e r v a l u e s o f | v | c a u s e l a r g e r p u m p i n g 
r a t e s s i n c e l a r g e r a m o u n t s of r a d i a t i o n p e n e t r a t e a n d e m e r g e f r o m t h e 
H I r e g i o n . In a l l c a s e s t h e e m e r g e n t r a d i a t i o n d i s p l a y s a d o u b l e - h u m p 
s p e c t r u m t h a t i s s y m m e t r i c a b o u t t h e l i n e c e n t e r , w i t h p e a k - t o - p e a k 
s e p a r a t i o n A X ~ 8 A . S u c h a f e a t u r e w o u l d b e d e t e c t a b l e if 
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| v | > 100 k m s~*, and if the fract ion of the sky subtended by s y s t e m A 
at the Q S O is g iven by Q / 4TT > 2 X 1 0 " 4 . R e c e n t l y H e g g e , L i e b e r t , and 
S tr i t tmat ter (197 9) detected a narrow (Av < 350 k m s"*) feature c e n ­
t e r e d at X = (1 + Z a ) ( 1 2 1 5 . 7 A). Its centra l locat ion indicates that this 
feature does not a r i s e accord ing to the above s cenar io which predic ts a 
neg l ig ib le fract ion of e m e r g e n t radiat ion at the l ine center . The r e d -
shift, v e l o c i t y width, and luminos i ty (~ 1 0 4 ^ e r g s s~*) are m o r e e a s i l y 
understood if this feature or ig inates in a g a l a c t i c nucleus with redshift 
Z A . In these r e s p e c t s it r e s e m b l e s the s t a r - l i k e e m i s s i o n object a s s o ­
c iated with the 21 c m a b s o r b e r in A O 0235 + 164 (Smith, B u r b i d g e , and 
Junkkarinen 1 9 7 7 ) . F u r t h e r observat ions are needed in order to c o n ­
f i r m this v e r y in teres t ing d i s c o v e r y . 

C . A S E A R C H F O R 21 C M A B S O R P T I O N IN M g I I / F e II A B S O R P T I O N 
S Y S T E M S 

A t redshi f ts z < 1 . 8 where L a is i n a c c e s s i b l e the leading cand i ­
dates for 21 c m absorpt ion are redshif t s y s t e m s with Mg II ( X X 27 96, 
2803) and Fe II ( X X 2344-> 2600) absorpt ion . T h e s e c louds are p r o m i s ­
ing b e c a u s e M g II and F e II l ines are present in prev ious ly detected 
21 c m s y s t e m s (cf. Wolfe 1979) . and b e c a u s e these ionic s tages d o m i ­
nate in g a l a c t i c H I r e g i o n s . H o w e v e r , the p r e s e n c e of strong M g II 
absorpt ion need not indicate 21 c m absorpt ion . T h e r e a s o n is that l o w -
reso lut ion opt ica l scanning d e v i c e s pre ferent ia l l y detect saturated l ines 
produced by h ighly turbulent m a t e r i a l , w h e r e a s the high resolut ion of 
radio s p e c t r o m e t e r s s e l e c t s m a t e r i a l of low v e l o c i t y d i spers ion and 
high co lumn dens i ty . T h e r e f o r e we need to find redshift s y s t e m s in 
which highly opaque c louds of low v e l o c i t y d i s p e r s i o n lurk in the m i d s t 
of rapidly mov ing c louds of cons iderab ly l o w e r opt ica l depth. 

F . H, B r i g g s and I have s earched for 21 c m absorpt ion in 16 r e d -
shift s y s t e m s that are in front of 14 Q S O s . The r e s u l t s of our o b s e r v a ­
t ions are m a i n l y nega t ive : 15 out of the 16 redshi f t s y s t e m s in the s u r ­
v e y have no radio absorpt ion l ines . Our subsequent data ana lys i s w a s 
mot iva ted b y two ques t ions: (1) are M g II s y s t e m s with detectable 
21 c m absorpt ion opt i ca l ly d is t inct f r o m the o thers? , and (2) why are 
m o s t M g II s y s t e m s t ransparent to 21 c m radiat ion? 

T o a n s w e r the f i r s t quest ion B r i g g s and I c o m p a r e d T (21) with 
W \ (Mg II X 27 9 6) for redshift s y s t e m s in which M g II equivalent widths 
a r e a v a i l a b l e . A plot, which includes data f r o m p r e v i o u s l y detected 
21 c m s y s t e m s , shows no obvious c o r r e l a t i o n (see Wolfe 1979) . M o r e ­
over , T (21) is not c o r r e l a t e d with DR, the M g II doublet ra t io . In fact 
the l a r g e s t DR (= 1 . 54) is found in the z = 0. 395 absorpt ion s y s t e m in 
P K S 1229 - 0 2 for which we have a 21 c m detect ion . T h i s would be 
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s u r p r i s i n g i f t h e s a m e g a s p r o d u c e d b o t h M g II a n d 21 c m a b s o r p t i o n 
s i n c e t h e i n d i c a t e d M g II o p t i c a l d e p t h , T ( M g II) ~ 1 , c o r r e s p o n d s t o 
T ( 2 1 ) « 1 u n l e s s t h e m e t a l a b u n d a n c e s a r e u n a c c e p t a b l y l o w . B u t i t 
i s c l e a r t h a t t h e t w o t y p e s o f l i n e s f o r m i n d i f f e r e n t g a s . A c u r v e - o f -
g r o w t h a n a l y s i s o f t h e M g II l i n e s i n d i c a t e s 0* 1 0 0 k m s ~ * , w h i l e t h e 
2 1 c m a b s o r b e r h a s 0" = 4 . 8 k m s " * . T h i s s u p p o r t s t h e t u r b u l e n t / 
o p a q u e m o d e l f o r M g I I / 2 1 c m s y s t e m s , a s s u g g e s t e d a b o v e . 

T h e a b s e n c e o f 2 1 c m a b s o r p t i o n i n m o s t M g II s y s t e m s c a n b e e x ­
p l a i n e d i n a n u m b e r o f w a y s . F i r s t , l e t u s a s s u m e t h a t M g + i s a s s o c i ­
a t e d w i t h r e g i o n s i n w h i c h H i s m o s t l y n e u t r a l . If M g + / H ° = X ( M g ) 0 , 
o u r n u l l d e t e c t i o n s r e q u i r e t h a t T g > 3 0 K ( r e c a l l t h a t T ( 2 1 ) « N ( H I ) / 
( A v T s ) ) . T h i s i s n o t a p r o h i b i t i v e r e s t r i c t i o n f o r c l o u d s e j e c t e d f r o m 
Q S O s , n o r f o r c l o u d s i n i n t e r v e n i n g g a l a x i e s . H o w e v e r , w e w o u l d n o t 
e x p e c t g a s i n g a l a c t i c d i s k s n o r i n g a l a c t i c h a l o s t o h a v e s o l a r a b u n d ­
a n c e s o f M g , s o t h e s e l i m i t s o n T s p r o b a b l y d o n o t p e r t a i n t o i n t e r v e n ­
i n g g a l a x i e s . I n d e e d , i f M g + / H ° a s s u m e s t h e " C o p e r n i c u s " a b u n d a n c e , 
t h e n T s > 5 0 0 K i n m a n y c a s e s . S i n c e s p i n t e m p e r a t u r e s t h i s l a r g e a r e 
r a r e l y o b s e r v e d i n t h e g a l a c t i c p l a n e , o n e w o u l d c o n s i g n t h e M g II 
r e g i o n s t o g a l a c t i c h a l o s , a s i t e p r e v i o u s l y s u g g e s t e d b y B a h c a l l a n d 
S p i t z e r ( 1 9 6 9 ) . P e r h a p s t h e s i m p l e s t e x p l a n a t i o n f o r t h e a b s e n c e o f 
2 1 c m a b s o r p t i o n i s t h a t t h e M g I I - p r o d u c i n g r e g i o n i s a s s o c i a t e d w i t h 
H t h a t i s m o s t l y i o n i z e d . B u t t h e s i m i l a r k i n e m a t i c s o f t h e 2 1 c m a n d 
o p t i c a l a b s o r p t i o n p r o f i l e s i n t h e 21 c m a b s o r b e r i n A O 0 2 3 5 + 1 6 4 
( W o l f e e t a l . 1 9 7 8 ) s u g g e s t s t h a t t h e " t u r b u l e n t " M g II c l o u d s c o n t a i n 
H t h a t i s m o s t l y n e u t r a l . 

F r o m a s t a t i s t i c a l p o i n t o f v i e w , t h e i n c i d e n c e o f 21 c m a b s o r p t i o n 
i n M g II r e d s h i f t s y s t e m s i s c o m p a t i b l e w i t h t h e i n t e r v e n i n g g a l a x y h y ­
p o t h e s i s . I n a r e c e n t s t u d y o f a c o m p l e t e s a m p l e o f Q S O s W e y m a n n 
e t a l . ( 1 9 7 9 ) f i n d t h a t t h e i n c i d e n c e o f M g II a b s o r p t i o n i s a b o u t 1 3 t i m e s 
t h a t e x p e c t e d i f M g II l i n e s f o r m i n g a l a c t i c d i s k s t h a t e x t e n d t o o n e 
H o l m b e r g r a d i u s . T h e r e f o r e g a l a c t i c M g I I - f i l l e d h a l o s w i t h r a d i u s 
R ~ 3 . 5 R h q 7 0 k p c ) a r e r e q u i r e d b y t h e i n t e r v e n i n g g a l a x y m o d e l . 
S i n c e 2 1 c m a b s o r p t i o n o c c u r s i n ~ 1 0 % o f t h e M g II s y s t e m s ( i n c l u d i n g 
t h e 2 1 c m a b s o r b e r i n A O 0 2 3 5 + 1 6 4 ) , g a l a c t i c d i s k s w i t h R ~ 1 R h q a r e 
a d e q u a t e t o e x p l a i n t h e 21 c m d a t a . 

D . A S E A R C H F O R O U T L Y I N G H I I N A C O M P L E T E S A M P L E O F 
G A L A X I E S 

I f t h e M g II l i n e s a r e p r o d u c e d b y 7 0 k p c h a l o s , t h e n g a l a x i e s 
s h o u l d b e s u r r o u n d e d b y l a r g e h a l o s o f h y d r o g e n . S i n c e t h e r e i s a g o o d 
c h a n c e t h a t M g * i s a s s o c i a t e d w i t h h y d r o g e n t h a t i s m o s t l y n e u t r a l , o n e 
w o u l d e x p e c t 2 1 c m e m i s s i o n f r o m t h e o u t s k i r t s o f a s i g n i f i c a n t f r a c t i o n 
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o f s p i r a l g a l a x i e s . T o t e s t t h i s h y p o t h e s i s F . H . B r i g g s , N. K r u m m , 
E . E . S a l p e t e r a n d I b e g a n a s y s t e m a t i c s e a r c h f o r 2 1 c m e m i s s i o n 
f r o m t h e o u t l y i n g r e g i o n s o f a c o m p l e t e s a m p l e o f s p i r a l g a l a x i e s . T h e 
i d e a i s t o s e a r c h f o r 21 c m e m i s s i o n f r o m s e l e c t e d a r e a s a r o u n d e a c h 
g a l a x y . B y p l a c i n g t h e n a r r o w ( 4 f d i a m e t e r ) b e a m o f t h e A r e c i b o 21 c m 
a n t e n n a a t t w o o p p o s i t e p o i n t s l o c a t e d a t R ~ 3 R h q a l o n g t h e m a j o r a n d 
m i n o r a x e s , o n e e f f e c t i v e l y p r o b e s t h e g a s e o u s c r o s s - s e c t i o n r e q u i r e d 
t o p r o d u c e t h e M g II l i n e s . W e i n t e g r a t e d f o r a n h o u r a t e a c h p o i n t s o 
t h a t o u r 3-0" u p p e r l i m i t s o n N ( H I) w o u l d p l a c e m e a n i n g f u l u p p e r l i m i t s 
o n W X ( M g I I ) . 

O u r s a m p l e c o n s i s t s o f 27 g a l a x i e s t h a t ( a ) a r e o u t s i d e t h e l o c a l 
g r o u p , ( b ) a r e l a t e r t h a n S O , ( c ) h a v e o p t i c a l m a j o r - a x i s d i a m e t e r s 
g r e a t e r t h a n 7 f , a n d ( d ) a r e i n t h e A r e c i b o D e c . r a n g e . S o f a r w e h a v e 
i n v e s t i g a t e d 1 3 g a l a x i e s a t b e a m l o c a t i o n s c o m p r i s i n g ~ 1 / 3 o f t h e t o t a l 
s a m p l e . O u r r e s u l t s , w h i l e o b v i o u s l y n o t c o m p l e t e , a r e s t i l l i n t e r e s t ­
i n g e n o u g h t o r e p o r t o n ( s e e B r i g g s e t a l . 1979) . O f t h e 3 3 b e a m l o c a ­
t i o n s a l r e a d y i n v e s t i g a t e d 7 0 % a r e n u l l d e t e c t i o n s , 2 1 % a r e m a r g i n a l l y 
s i g n i f i c a n t ( i . e . , s i g n a l s t h a t e x c e e d t h e 3 - a n o i s e l i m i t b u t a r e c o n ­
f u s e d b y s i d e l o b e c o n t r i b u t i o n s f r o m t h e m a i n g a l a x y ) , a n d o n l y 9% 
s h o w e d c l e a r e v i d e n c e f o r 21 c m e m i s s i o n . W e n o t e t h a t i s o l a t e d 
g a l a x i e s a n d g a l a x i e s w i t h c o m p a n i o n s o b e y t h e s a m e s t a t i s t i c s . 

T h e a b s e n c e o f H I h a l o s a t a s e n s i t i v i t y l e v e l o f N ( H I) < ( 2 -> 3) X 
1 0 * 8 c m " ^ f o r b a n d w i d t h s A v ^ 16 k m s ~ * i s a n e w r e s u l t w i t h i n t e r e s t ­
i n g i m p l i c a t i o n s . B y a d o p t i n g a v e l o c i t y d i s p e r s i o n a f o r g a s a t a g i v e n 
b e a m l o c a t i o n a n d a r a t i o M g + / H ° w e c a n c a l c u l a t e W ^ ( X 2 8 0 3 ) f r o m 
u p p e r l i m i t s o n N ( H I) t h a t a r e a p p r o p r i a t e l y s m o o t h e d . W e m a y t h e n 
c o m p a r e t h e r e s u l t a n t W ^ v s O c u r v e s w i t h t h e r a n g e o f t h e s e p a r a m e ­
t e r s i n f e r r e d f o r Q S O a b s o r p t i o n - l i n e c l o u d s : t h e s t a t i s t i c s o f W e y m a n n 
e t a l . ( 1 9 7 9 ) a r e b a s e d o n s y s t e m s w i t h W \ ^ 0 . 5 A , a n d a = 1 0 0 k m s " 1 

i s a c o n s e r v a t i v e u p p e r l i m i t f o r M g II s y s t e m s ( B r i g g s a n d W o l f e , 1 9 7 9 ) . 
W e f i n d t h a t g a s i n b e a m l o c a t i o n s w i t h n u l l o r m a r g i n a l d e t e c t i o n s c a n ­
n o t p r o d u c e o b s e r v a b l e M g II l i n e s u n l e s s M g + / H ° > 0 # 3 X ( M g ) Q . T h u s 
h a l o g a s w i t h p o p u l a t i o n II a b u n d a n c e s , X ( M g ) « * 0 . 0 4 X ( M g ) 0 ( S e a r l e 
a n d Z i n n 1 9 7 8 ) , o r w i t h i n t e r s t e l l a r a b u n d a n c e s , X ( M g ) 0 . 0 3 X ( M g ) 0 

( S p i t z e r 1 9 7 8 ) , c a n n o t p r o d u c e o b s e r v a b l e M g II l i n e s , i f t h e M g + i s 
a s s o c i a t e d w i t h H I r e g i o n s . W e e m p h a s i z e t h a t t h i s c o n c l u s i o n i s v a l i d 
e v e n i f t h e M g + i s a s s o c i a t e d w i t h i o n i z e d m a t e r i a l . I o n i z a t i o n e q u i l i b ­
r i u m a r g u m e n t s ( B r i g g s a n d W o l f e 1 9 7 9 ) s h o w t h a t i n t h i s c a s e M g + / H < > 
c a n n o t e x c e e d a c o n s e r v a t i v e u p p e r l i m i t o f «*4 X ( M g ) , s o t h a t N ( M g + ) 
i s l e s s t h a n 1 / 2 o f t h e r e q u i r e d v a l u e f o r p o p u l a t i o n II a b u n d a n c e s . C o n ­
s e q u e n t l y , i n t e r v e n i n g g a l a c t i c h a l o s l i k e t h o s e i n o u r s a m p l e w i l l n o t 
g i v e r i s e t o o b s e r v a b l e M g II a b s o r p t i o n l i n e s u n l e s s g a s e o u s m a t e r i a l 
w i t h p o p u l a t i o n I m e t a l a b u n d a n c e s i s p r e s e n t . 
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T h e d i s c r e p a n c y b e t w e e n t h e r e q u i r e d M g II c r o s s - s e c t i o n o f i n t e r ­
v e n i n g g a l a x i e s a n d t h e a v e r a g e c r o s s - s e c t i o n , ( A ^ , i m p l i e d b y o u r 
s u r v e y c a n b e s t a t e d i n t h e f o l l o w i n g m a n n e r : T h e f r e q u e n c y o f d e t e c t ­
i n g 21 c m e m i s s i o n a t o u r b e a m l o c a t i o n s i n d i c a t e s t h a t 1 . 8 < (A)/A^ 
< 5 . 0 , w h e r e A h q ( = T T R^[ / 2 ) i s t h e a v e r a g e c r o s s - s e c t i o n o f a H o l m - ° 
b e r g d i s k . W e a r e n o t c e r t a i n w h e t h e r a n u l l d e t e c t i o n a t a r a d i u s R 
m e a n s t h a t H I i s c o n f i n e d t o R h o > o r w h e t h e r i t e x t e n d s t o j u s t w i t h i n 
1 b e a m w i d t h o f R , a n d t h i s a c c o u n t s f o r t h e r a n g e i n (A^> . I n a n y c a s e 
t h e v a l u e o f ( A ) r e q u i r e d b y W e y m a n n e t a l . ( 1 9 7 9 ) i s ( A ) = 1 3 A ^ j , 
s o t h e r e i s a f a c t o r o f ~ 4 d i s c r e p a n c y . 

T h e o n l y " i s o l a t e d " g a l a x y t o e x h i b i t 21 c m e m i s s i o n a t R > R j j i s 
N G C 6 2 8 . T h e e m i s s i o n c o i n c i d e s w i t h f o u r b e a m l o c a t i o n s s u r r o u n d i n g 
t h e S - W e x t e n s i o n o f t h e o u t e r m a j o r a x i s ( p . a . = 8 0 ° ) , w h i c h a r e ~ 1 0 0 
k p c f r o m t h e n u c l e u s . B r i g g s ( 1 9 8 0 ) h a s r e c e n t l y m a p p e d t h e e n t i r e 
g a l a x y a n d f i n d s H I i n e v e r y q u a d r a n t a t R ~ 3 . 5 R h q > w i t h a p r o ­
n o u n c e d a s y m m e t r y t o w a r d t h e S - W . B e c a u s e t h e g a l a x i e s n e a r e s t t o 
N G C 6 2 8 a r e t w o d w a r f s d i s p l a c e d b y ~ 3 5 0 k p c o n t h e s k y , i t i s i m p r o b ­
a b l e t h a t t i d a l i n t e r a c t i o n s a r e t h e c a u s e o f t h e o u t l y i n g H I. R a t h e r i t 
a p p e a r s t o b e p r i m o r d i a l i n o r i g i n . O n t h e o t h e r h a n d i t i s d i f f i c u l t t o 
s e e h o w a p r i m o r d i a l a s y m m e t r y c o u l d s u r v i v e t h e e f f e c t s o f d i f f e r e n t i a l 
r o t a t i o n w h i c h w o u l d s m e a r i t o u t i n 1 o r 2 r o t a t i o n p e r i o d s o f ~ 1 0 ^ y . 
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DISCUSSION 

G. Burbidge: Would you agree that there is really very little evidence 
for extended halos containing metals in galaxies? 

Wolfe: I would agree that we haven't found any evidence. But the 
point I was trying to make was that the upper limits we 

have set to 21-cm emission from the outskirts of galaxies do not rule 
out Mgll absorption at the required level if the Mg/H abundance is pop­
ulation I; this is true if the gas is neutral, and virtually true if it 
is ionized. Whether population I gas exists in halo regions is a sepa­
rate question. We know that the stellar content of the halo has low 
population II abundances. One possibility is a galactic wind. But 
whether cool regions can persist in a necessarily hot (T ~ 10^ K) wind, 
out to R ~ 100 kpc is problematic. 

Spinrad: Your results imply the absence of Mgll-producing regions 
in galactic halos. Yet Boksenberg and Sargent find Call 

absorption in the QSO/galaxy pair 3C 232/HGC 3067 where the QSO lies 
outside the optical image of the galaxy. How can these results be 
reconciled? 

Wolfe: Yes, there is a paradox if the radial distance, R, of the 
absorbing gas from the nucleus of NGC 3067 is greater 

than 3 x RHO (RH0 = Holmberg radius). But all we know is the impact 
parameter to 3C 232 which equals 1 RHO* B u t t n e 90 km s' 1 width of the 
CII lines rules this out. So it is possible that the reason why the 
absorbing gas in this galaxy is above our upper limit on column density 
is that it is at a radius smaller than that of our survey points. 

Wehinger: Have you looked for 21-cm absorption in Seyfert and/or 
N galaxies? 

Wolfe: No. 

D. Roberts: I'd like to report another negative result in the search 
for 21-cm absorption associated with Mgll optical absorp­

tion. Bennett, Lawrence, and Burke, at MIT, have used the NRAO 300-foot 
telescope to observe the double quasar 0957+561 at the optical redshift 
of 1.3914. A total of 2 hours integration yields a limit of 0.02 K, 
where the total source temperature is 2 K. However, most of the flux 
at 594 MHz comes from the extended ratio source associated with the 
north component, and as a result the optical depth limit is only T 2 1 cm 
-0.2 (assuming that the absorbing cloud completely covers both of the 
compact sources). 
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