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1. I n t r o d u c t i o n 

T h e r e is now ove rwhe lming evidence t h a t spiral galaxies can exper ience 

nuc l ea r outf lows, from r a d i o lobes p e r p e n d i c u l a r t o t h e disks of edge-on 

ga lax ies ( H u m m e l et al . 1983) , t o op t ica l ion iza t ion cones (see list in Wi l son 

a n d T s v e t a n o v 1994), t o spec t acu l a r X- ray emission e x t e n d i n g m a n y kpc 

b e y o n d t h e disk (e.g. D a h l e m et al . 1996). T h e s e obse rva t ions i n d i c a t e t h a t 

h o t a n d / o r energe t i c c o m p o n e n t s of t h e I S M can escape away from t h e 

p l a n e of t h e ga laxy from the i r origin in t h e nuc lea r vicinity. 

Less obv ious , however , is w h e t h e r t h e cool c o m p o n e n t s of t h e I S M , i.e. 

t h e n e u t r a l a t o m i c a n d molecu la r gas , can also p a r t i c i p a t e in t h e outf lows. 

If so , obse rva t ions in the i r t r a ce r s , n o t a b l y HI a n d C O , can have significant 

benef i ts over obse rva t ions of the i r energe t ic c o u n t e r p a r t s . F i rs t ly , t h e spec-

t r a l l ine d a t a can p rov ide in fo rmat ion on t h e velocity field a n d , u l t i m a t e l y , 

t h e energe t ics of t h e outf low. Secondly, unl ike t h e op t i ca l , t he se lines d o 

n o t suffer f rom o b s c u r a t i o n , a l lowing one t o peer in to t h e nuc lea r vic ini ty 

itself. T h e l a t t e r po in t is pa r t i cu l a r ly i m p o r t a n t for edge-on galaxies which 

a r e m o s t su i t ed for de t ec t i ng outflows in t h e first p lace . 

2 . H I O u t f l o w s 

A g o o d resolved e x a m p l e of an HI outflow is N G C 1808 (Koribalski et 

a l . 1993) . In a d d i t i o n t o very wide lines in t h e nuc leus , s u b t r a c t i o n of a 

m o d e l veloci ty field for th i s ga laxy resul t s in res iduals which show a d i sc re te 

n e g a t i v e veloci ty f ea tu re a long t h e mino r axis . An outflow veloci ty > 150 

k m s - 1 is impl ied . Th i s outflow does no t p r o b e t h e nuc lea r region itself, 

however , s ince it is obse rved over scales of several k p c . 

Nuc lea r HI is often seen in abso rp t i on which can b e a d v a n t a g e o u s for 

ident i fy ing outf lows. However , s t r u c t u r e in t h e b a c k g r o u n d (unreso lved) 

c o n t i n u u m can m a k e i n t e r p r e t a t i o n difficult, a n d d e t e r m i n i n g t h e HI m a s s 
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also requ i res a knowledge of t h e gas spin t e m p e r a t u r e . More p r o b l e m a t i c 

is t h a t t h e r e is often l i t t l e HI in spiral ga laxy nuclei . T h u s , molecu la r gas , 

wh ich is often a b u n d a n t , m a y be a b e t t e r t r ace r . 

3 . C O O u t f l o w s 

Molecu la r gas h a s b e e n widely discussed e lsewhere in i t s capac i ty as p ro-

v id ing fuel for nuc lea r ac t iv i ty a n d also in focussing outf lows. In t e r m s of 

be ing affected by t h e outf low, t h e r e are a few example s , w i th N G C 3628 (a 

s t a r b u r s t ) a n d N G C 3079 ( a n A G N ) be ing mos t i l lus t ra t ive . 

N G C 3628 ( I rwin a n d Sofue 1996) is an i n t e r a c t i n g ga laxy w i t h an 

outf low region in t h e form of a n o r t h w a r d s open ing "veloci ty cone" a n d 

s o u t h e r n ex tens ions t o a ζ he igh t of > 400 p c . T h e m o s t obvious C O outf low 

is a t t h e p r e s u m e d origin of k p c scale p e r p e n d i c u l a r H a f i l aments . Also a t 

t h i s pos i t i on is t h e bes t defined of several e x p a n d i n g molecu la r shells , t h e 

l a rges t of wh ich hats an expans ion k ine t ic energy > 2.5 1 0 5 4 e rgs . T h o u g h 

t h e shells s p a n a r ange of size, all k i n e m a t i c t imescales are a few 1 0 6 y r , 

t h u s d a t i n g t h e s t a r b u r s t . 

N G C 3079 ( I rwin a n d Sofue 1992) has kpc-scale r ad io lobes which orig-

i n a t e in a c o m p a c t V L B I core . T h e r e is a large a m o u n t of molecu la r gas in 

t h e nuc l ea r region (of o rde r 1 0 1 0 M 0 ) a n d wi th in t h e nuc lear molecu la r disk 

is an e m b e d d e d " t i l t ed c o m p o n e n t " . T h e t i l ted c o m p o n e n t is a l igned w i th 

t h e nuc l ea r V L B I j e t a n d has been i n t e r p r e t e d as a molecu la r outf low. T h e 

k ine t ic ene rgy of t h e outf low is u n c e r t a i n because m o s t velocit ies a p p e a r 

t o b e in t h e p l a n e of t h e sky, b u t is a t least 1 0 5 4 e rgs . T h e j e t ene rgy is 

sufficient t o supp ly th i s m i n i m u m . 

4 . S u m m a r y 

In some ga lax ies , molecu la r gas a p p e a r s t o p a r t i c i p a t e in nuc lea r outf lows 

a n d p rov ides a po t en t i a l l y i m p o r t a n t d iagnos t ic for i n t e r p r e t i n g these flows. 

T h e loss of molecu la r gas m a s s from t h e ac t ive region could b e significant 

a n d shou ld b e cons idered in t h e con tex t of s t a r b u r s t or A G N m o d e l s . 
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