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INTRODUCTION 

35 years ago Baade and Minkowski (1954) suggested t h a t a ga laxy 

c o l l i s i o n - diagnosed from the p e c u l i a r appearance of the parent o b j e c t 

and i t s s trong emiss ion l i n e s - i s r e s p o n s i b l e f o r the s trong r a d i o -

source CygA. This was the f i r s t t ime t h a t g r a v i t a t i o n a l i n t e r a c t i o n s 

between g a l a x i e s were suggested t o t r i g g e r nuclear a c t i v i t y . Over the 

f o l l o w i n g decades a f t e r the d e t e c t i o n of the quasars and the gradual 

r e a l i z a t i o n t h a t quasars , comparable t o the S e y f e r t phenomenon, are 

events a t the n u c l e i of seemingly i s o l a t e d g a l a x i e s , the c o l l i s i o n 

hypothes i s was abandoned. E f f o r t s concentrated on the understanding of 

the a c t i v i t y as i n t e r n a l proces se s in the host g a l a x i e s , p o s s i b l y aided 

by i n f a l l o f gas from the i n t e r g a l a c t i c medium ( c f . Rees , 1 9 7 8 ; Gunn, 

1979) . 

I t was only during the l a s t decade a f t e r Adams (1977) had no t i ced 

from h i s image-tube survey a "surplus of S e y f e r t n u c l e i in d i s turbed 

and i n t e r a c t i n g systems", and l a t e r - o n when more r e s o l v e d and deeper 

quasar imaging became p o s s i b l e t h a t the concepts of t r i g g e r i n g i n t e r -

a c t i o n s gained ground. P r e s e n t l y , the " i n t e r a c t i o n model" seems t o be 

the dominating paradigm f o r exp la in ing the o r i g i n of nuc lear a c t i v i t y 

in g a l a x i e s . In t h i s connect ion a l s o the wider environment of AGN's and 

i t s e v o l u t i o n on cosmica l t ime s c a l e s r e c e i v e d much a t t e n t i o n r e c e n t -

l y -
In t h i s review we concentra te on c l u e s t o the o r i g i n of AGN's wi thin 

the i n t e r a c t i o n p i c t u r e which we have adopted as working h y p o t h e s i s . 
Thus, we s h a l l not much cons ider here the i n f l u e n c e of an a lready e s t a b -
l i s h e d a c t i v e nucleus on i t s ga laxy and environment. Consequent ly , rad io 
j e t s , g a l a c t i c winds,and other out f low phenomena, as w e l l as the impact 
of the a c t i v e nucleus on the s t e l l a r popula t ions o f i t s host ga laxy e t c . 
w i l l not be in the main focus of t h i s review t a l k . 

Much of the e a r l i e r work on the t o p i c s covered here i s contained in 
a review a r t i c l e by Ba l i ck and Heckman ( 1 9 8 2 ) . 

In the f i r s t part we s h a l l cons ider the environment of QSO's as 
d i s t a n t AGN's. Here main a s p e c t s and problems of the i n t e r a c t i o n p i c -
t u r e w i l l emerge. In the major second part we concentra te on c l u e s 
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regarding t h i s p i c t u r e from o b s e r v a t i o n s of nearby AGN's l i k e the 

S e y f e r t g a l a x i e s . 

A. QSO's 

1 . Host g a l a x i e s 

During the l a s t 5 years f i r s t by using photographic and l a t e r - o n CCD 

imaging convincing ev idence has been c o l l e c t e d t h a t QSO's are the h i g h -

luminous n u c l e i of d i s t a n t g a l a x i e s . The host g a l a x i e s of QSO's have 

been s p a t i a l l y r e s o l v e d up t o r e d s h i f t s ζ < 0 . 5 , and the c o n t i n u i t y of 

the QSO p r o p e r t i e s t o the l o w e r - l e v e l nearby AGN's seems now t o be 

e s t a b l i s h e d . Bes ides being a very d i f f i c u l t task o b s e r v a t i o n a l l y 

and m e t h o d o l o g i c a l l y the morpholog ica l c l a s s i f i c a t i o n of the host g a l a -

x i e s of quasars has been in f luenced by p r e j u d i c e s and a m b i g u i t i e s . 

The most comprehensive recent s t u d i e s on QSO imaging are by Hutchings 

e t a l . ( 1 9 8 4 a , b ) , Gehren e t a l . ( 1 9 8 4 ) , Malkan e t a l . ( 1 9 8 4 ) , and 

Smith e t a l . ( 1 9 8 6 ) . From the r e s u l t s of t h e s e papers the s imple c o r r e -

spondence o f r a d i o - l o u d QSO's with e l l i p t i c a l host g a l a x i e s and of 

o p t i c a l l y or X-ray s e l e c t e d QSO's with s p i r a l host g a l a x i e s i s not 

c l e a r - c u t . From model f i t t i n g Hutchings e t a l . (I.e.) found f o r a w e l l -

mixed sample (78 o b j e c t s ) of r a d i o - , o p t i c a l - and X - r a y - s e l e c t e d quasars 

over 40% of the host g a l a x i e s t o be c o n s i s t e n t with s p i r a l s , the r e -

mainder having undetermined or perturbed morpholog ies . Smith e t a l . 

(1986) confirmed the high inc idence of d i s turbed morphologies (~ 75% of 

the r a d i o - l o u d and ~ 30-40% of the r a d i o - q u i e t QSO's) and found the 

genera l tendency t h a t r a d i o - q u i e t QSO's are b e t t e r f i t t e d by d i sk 

g a l a x i e s and r a d i o - l o u d QSO's by e l l i p t i c a l ga laxy models . 

A trend of QSO's r e s i d i n g in luminous g a l a x i e s and a d i r e c t r e l a t i o n -

sh ip between the luminos i ty of the nucleus and t h a t of the host ga laxy 

are i n d i c a t e d (Smith e t a l . 1 9 8 6 ; Hutchings , 1987 ; De R o b e r t i s , 1 9 8 5 ) . 

This could mean t h a t more luminous host g a l a x i e s are more l i k e l y t o 

develop e f f e c t i v e l y f u e l l e d c e n t r a l eng ines . 

In ex tens ion of e a r l i e r work (Boroson e t a l . 1985) on the fuzz around 

quasars , Hickson and Hutchings obta ined spec tra of some host g a l a x i e s . 

An example showing absorpt ion l i n e s i s reproduced in F i g . l a , b (Hickson 

and Hutchings , 1 9 8 7 ) . The spec tra of the host g a l a x i e s of s e l e c t e d 

QSO's show both l a t e - t y p e and e a r l y - t y p e s t e l l a r popula t ions ( s t a r -

b u r s t s ) . (B-V) c o l o r changes over the f a c e of the host g a l a x i e s have 

been de tec t ed by Hickson and Hutchings (I.e.) and are a l s o reported f o r 

the quasar Mkn 876 by Yee and Green ( 1 9 8 7 a ) . The s trong narrow-emiss ion 

l i n e s found in the spec tra appear t o be s p a t i a l l y more extended than 

the continuum l i g h t of the host g a l a x i e s in a l l c a s e s . Thus, a l s o from 

the s p e c t r o s c o p i c ev idence the host g a l a x i e s seem t o be h igh ly d i s t u r -

bed. From the [ 0 I I ] / [ 0 I I I ] l i n e r a t i o the dens i ty in the extended 

emiss ion reg ion has been e s t i m a t e d . Hutchings and Hickson (1988) f i n d 

an e l e c t r o n d e n s i t y t o o low t o be adequate f o r the i n t e r p r e t a t i o n of 

t h i s emiss ion by a c o o l i n g f low from the hot i n t e r g a l a c t i c medium. 

The phenomenon t h a t a high f r a c t i o n of the host g a l a x i e s of a c t i v e 

n u c l e i i s d i s t u r b e d or shows p e c u l i a r i t i e s has r e c e n t l y been v e r i f i e d 
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(a) (b) 
F i g . l a , b: The host ga laxy o f the r a d i o - q u i e t QSO 1701+610 a) b r i g h t -
ness p r o f i l e (do t t ed l i n e ) t o q e t h e r with po in t source ( f u l l l i n e ) ; 
b) o f f - n u c l e a r spec tra 

a l s o f o r the populat ion o f the very powerful rad io g a l a x i e s (Heckman 

e t a l . 1 9 8 6 ; Hutchings , 1 9 8 7 ) . This p o s s i b l y under l ines the c r u c i a l 

r o l e o f ga laxy i n t e r a c t i o n s f o r nuc lear a c t i v i t y in genera l and adds 

t o the ev idence f o r the c o n t i n u i t y o f a c t i v e phenomena out t o cosmolo-

g i c a l d i s t a n c e s . 

2 . Extended emiss ion and t i d a l t a i l s 

The hypothes i s t h a t the p e r t u r b a t i o n s of the host g a l a x i e s seen in 
the morpholog ica l surveys and deduced from c o l o r s and spec troscopy are 
indeed connected with ongoing merging or c l o s e unbound encounters has 
r e c e i v e d independent support by the work of var ious a u t h o r s , n o t a b l y by 
Stockton and MacKenty ( 1 9 8 3 , 1 9 8 7 ) . Narrow-band imaging of a l a r g e r 
sample (47 o b j e c t s ) of luminous l o w - r e d s h i f t quasars in the [ O U I ] 5007 
l i n e r e v e a l e d in 25% of the o b j e c t s luminous and h igh ly s t r u c t u r e d 
extended emiss ion on the lOkpc s c a l e . A prominent example i s the r a d i o 
quasar 3CR 2 4 9 . 1 . I t s extended [ O U I ] - emiss ion does not show any 
resemblance o f the continuum l i g h t d i s t r i b u t i o n . Whenever such extended 
emiss ion i s present the nuc lear narrow- l ine emiss ion i s found t o be 
s t r o n g . The authors argue t h a t the extended gas i s i o n i z e d by the 
nuc lear UV-source and the i o n i z a t i o n i s d e n s i t y bounded. Other p o s s i b i -
l i t i e s , however, l i k e in s i t u shock i o n i s a t i o n by the a c t i o n o f r a d i o 
j e t s should be d i s cus sed c a r e f u l l y in view of the f a c t t h a t 70% of 
Stockton and MacKenty's o b j e c t s are r a d i o - l o u d . 

The authors po int out t h a t an image l i k e t h a t of 3CR 2 4 9 . 1 i s 
r emin i scent of the numerical s i m u l a t i o n s of i n t e r a c t i n g g a l a x i e s by 
Toomre and Toomre (1972) and sugges t t h a t the extended gas i s d e b r i s 
from t i d a l i n t e r a c t i o n s or mergers and t r a c e s the t i d a l arms produced 

https://doi.org/10.1017/S0074180900141580 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900141580


428 

by the i n t e r a c t i n g precursor g a l a x i e s of the perturbed host galaxy 
v i s i b l e now. According t o r e c e n t N-body models (Barnes , 1988) encounters 
between d i sk g a l a x i e s embedded in massive dark ha los can produce pro -
nounced t i d a l t a i l s whi le the format ion of p e c u l i a r systems does not 
play a major r o l e over long t i m e s c a l e s . De R o b e r t i s (1985) s u g g e s t s 
t h a t i n t e r a c t i o n s of a l a r g e ga laxy which are "useful" f o r the e f f e c t i v e 
f u e l l i n g o f i t s nonthermal c e n t r a l source occur mainly with the more 
f r e q u e n t l y a v a i l a b l e companion g a l a x i e s of smal l mass, a s c e n a r i o a l s o 
proposed by G a s k e l l ( 1 9 8 5 ) . O b s e r v a t i o n a l evidence f o r d o u b l e - l i n e d 
quasars l e d G a s k e l l ( 1 9 8 3 , 1985) t o propose merging and the format ion 
o f b inary massive compact n u c l e i as a p o s s i b l e mechanism f o r the a c t i -
va t ion of q u a s a r s . 

3 . Companions, groups and c l u s t e r s 

The imaging surveys of quasars revea l ed e a r l y - o n the frequent p r e -
sence o f c l o s e companion g a l a x i e s c u r r e n t l y i n t e r a c t i n g with the quasar 
g a l a x y , a n d the l o c a t i o n of quasars in groups of g a l a x i e s . Hutchings and 
Campbell (1983) and Hutchings e t a l . ( 1 9 8 4 a , b) r e p o r t 30-40% of t h e i r 
o b j e c t s t o be i n t e r a c t i n g and another t h i r d t o r e s i d e in c l u s t e r s or 
smal l groups . An example o f a quasar i n t e r a c t i n g with a nearby galaxy 
i s PKS 2 3 4 9 - 0 1 ( F i g . 2) . 

F i g . 2 : D i r e c t V-image of the quasar PKS2349-01 ( z = . 1 7 8 ) with i n t e n -

s i v e t i d a l t a i l t o a companion ~ 50kpc away ( p r o j . d i s t . ) 

From an imaging sample o f l o w - r e d s h i f t QSO 1 s Yee (1987a) at tempts 
t o e s t i m a t e s t a t i s t i c a l l y the frequency of f ind ing companion g a l a x i e s 
t o quasars as a f u n c t i o n o f d i s t a n c e t o the quasar and of the magni-
tude of the companion. He argues t h a t quasars have at l e a s t one c l o s e 
companion wi th in p r o j e c t e d d i s t a n c e ~ lOOkpc, and a l l quasars can be 
expected t o have companions b r i g h t e r than - 16 .5mag. According t o him, 
quasars have c l o s e companions 6 t imes more f r e q u e n t l y than expected f o r 
f i e l d g a l a x i e s . S ince the p r o p e r t i e s o f the companions do not seem t o 
be c o r r e l a t e d with the l e v e l of quasar a c t i v i t y i t may be concluded 
t h a t companions are ac t ing mainly as t r i g g e r s of a c t i v i t y whi le the 
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l e v e l o f a c t i v i t y must be determined by p r o p e r t i e s of the host g a l a x y . 

D e t a i l s o f t h i s mechanism have r e c e n t l y been d i s cus sed by Byrd e t a l . 

( 1 9 8 7 ) , as i s descr ibed below. 

Publ i shed work on spec troscopy of QSO companions i s extremely s c a r c e . 

Stockton (1982) has observed 2 companion g a l a x i e s and found them t o be 

a c t i v e . Heckman e t a l . (1984) r e p o r t spec troscopy of 18 c l o s e companions 

of l ow-z quasars . 14 of t h e i r spec tra show emiss ion l i n e s whi le the r e -

maining 4 g a l a x i e s are so d i s t a n t t h a t Ha was o u t s i d e o f the observed 

s p e c t r a l range . Pre l iminary r e s u l t s of m u l t i - o b j e c t spec troscopy of 

quasar f i e l d s provide f u r t h e r ev idence f o r e m i s s i o n - l i n e a c t i v i t y wi th in 

companions around QSO's ( K o l l a t s c h n y and F r i c k e , 1 9 8 8 a ) . 

Yee (1987a) f i n d s on average no i n d i c a t i o n t h a t the companions of 

quasars are a f f e c t e d p h o t o m e t r i c a l l y by the quasar . This i s c o n s i s t e n t 

with the r e s u l t of Tyson (1986) t h a t companions t o low-z quasars are not 

abnormally b r i g h t . Evidence on c o l o r s of companion g a l a x i e s i s i n s u f f i -

c i e n t t o draw d e f i n i t e c o n c l u s i o n s a t the present t ime (Yee , 1 9 8 7 b , 1 9 8 8 ) . 

Yee and Green (1987b) in t h e i r a n a l y s i s of quasar f i e l d s r e l a t i v e t o 

c o n t r o l f i e l d s do not f i n d s i g n i f i c a n t d i f f e r e n c e s between the c o v a r i -

ance ampl i tudes of f i e l d s around r a d i o - l o u d and r a d i o - q u i e t quasars 

a t low z . Der iv ing the quasar -ga laxy covar iance amplitude Bgq as f u n c t -

ion of ζ f o r f i e l d s around r a d i o - l o u d quasars they r e p o r t s i g n i f i c a n t 

e v o l u t i o n between z = 0 . 4 and z = 0 . 6 ( F i g . 3 a ) . At h igher ζ the quasars 

are found in A b e l l c l a s s 1 c l u s t e r s whi le a t lower ζ the quasars tend 

t o p r e f e r l e s s dense c l u s t e r s or groups . The authors conclude t h a t 

p h y s i c a l environmental c o n d i t i o n s play a s i g n i f i c a n t r o l e in the evo-

l u t i o n o f quasars b e s i d e s l u m i n o s i t y e v o l u t i o n , in the sense t h a t the 

a v a i l a b i l i t y o f s i t e s f o r quasar a c t i v i t y i n c r e a s e s with look-back t ime 

in t h i s narrow r e d s h i f t range . This i s in agreement with the p r e d i c t i o n 

by De R o b e r t i s (1985) who has c a l c u l a t e d QSO e v o l u t i o n on the b a s i s of 

the i n t e r a c t i o n model and accounts f o r s u b s t a n t i a l dens i ty e v o l u t i o n 

around z = 0 . 5 . 

( b ) 

1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 100 120 

RADIUS arcsec 

F i g . 3a: Quasar-galaxy s p a t i a l F i g . 3b: Galaxy counts f o r two QSO samp-

covar iance amplitude v s . z l e s showing s i g n i f i c a n t exces s near QSOs 

over background t o R = 21 mag 
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The i s s u e of dens i ty e v o l u t i o n , however, i s c o n t r o v e r s i a l a t p r e s e n t . 
Tyson (1986) i n v e s t i g a t e d two samples of quasars in the r e d s h i f t ranges 
0 . 1 3 - 0 . 4 8 and 0 . 9 8 - 1 . 4 7 . He f i n d s a s i g n i f i c a n t excess of de tec ted 
g a l a x i e s wi th in 30 arcsec of the QSO's in the high r e d s h i f t sample 
( F i g . 3 b ) . He e x p l a i n s t h i s in terms of luminos i ty e v o l u t i o n . In t h i s 
r e d s h i f t range the g a l a x i e s a s s o c i a t e d with quasars are more than 2 mag 
b r i g h t e r than pred ic t ed by p a s s i v e e v o l u t i o n models . Tyson does not f i n d 
an i n d i c a t i o n f o r s i g n i f i c a n t dens i ty e v o l u t i o n over epochs up t o z ~ 1 . 5 . 

B. SEYFERT GALAXIES 

From the convincing evidence f o r the c o n t i n u i t y between quasars and 

S e y f e r t s i t i s g e n e r a l l y assumed t h a t we observe the same phenomenon in 

both t y p e s o f o b j e c t s and t h a t t h e a c t i v i t y mechanisms and causes are 

a l s o b a s i c a l l y the same. 

The S e y f e r t g a l a x i e s and t h e i r environment can be s tud ied in much 

g r e a t e r d e t a i l than t h a t of the quasars as regards s p a t i a l r e s o l u t i o n 

of the host ga laxy (~ 1 5 k p c ) , d e t e c t i o n of companions (~ 50kpc), and the 

d e s c r i p t i o n o f the surrounding groups or c l u s t e r s (~ IMpc) . 

The i n t e r a c t i o n p i c t u r e emerging from quasar imaging s t u d i e s can be 

put t o the t e s t here , by probing the environment in d e t a i l a t a l l such 

s c a l e s . 

4 . Host Ga lax i e s of S e y f e r t s 

Commonly S e y f e r t n u c l e i are regarded t o be hosted by s p i r a l g a l a x i e s 

(Adams, 1977) as are t h e i r pro to types NGC 1068 and NGC 4 1 5 1 . Vêron 

(1986) f i n d s the l a r g e s t f r a c t i o n of g a l a x i e s with S e y f e r t - l i k e spec tra 

f o r the Hubble types Sa - Sab. Yee (1983) f i n d s from the c o l o r s of 20 

S e y f e r t g a l a x i e s the wide range Sa - Sbc. 

We have looked up the morpholog ica l t ypes of a l l g a l a x i e s l i s t e d in 

the VCV ca ta logue (Vêron-Cet ty and Vêron, 1987) as S e y f e r t 1 , S e y f e r t 2 , 

and H I I . To insure the homogeneity of the c l a s s i f i c a t i o n we r e s t r i c t e d 

o u r s e l v e s t o the RC2 (de Vaucouleurs e t a l . , 1976) and t o the SGC (Cor-

win e t a l . , 1985) c a t a l o g u e s . The r e s u l t i n g d i s t r i b u t i o n of r e v i s e d 

Hubble types f o r S e y f e r t 1 and S e y f e r t 2 and HII g a l a x i e s i s g iven in 

F i g . 4 a - c and i s compared t o the d i s t r i b u t i o n of a l l SGC g a l a x i e s in 

F i g . 4 d . The t o t a l d i s t r i b u t i o n i s b e s t resembled by the S e y f e r t 2 ga -

l a x i e s , whi le t h e r e might be a trend of S e y f e r t 1 g a l a x i e s towards 

e a r l i e r t y p e s . The HII ( s t a r b u r s t ) g a l a x i e s are most f requent among the 

l a t e r Hubble types as has been noted be fore (Vêron 1 9 8 6 , T e r l e v i c h e t 

a l . 1 9 8 7 ) . N o t u n t y p i c a l i s the l a r g e f r a c t i o n ( 2 / 3 ) of Hubble types with 

l i s t e d p e r t u r b a t i o n s (shadowed in F i g . 4 a - c ) whereby the f r a c t i o n i s 

h igher f o r the e a r l y types (~ 90%) than f o r the l a t e r Hubble types' 

(< 3 0 / o ) . Adams ( 1 9 7 7 ) h a s emphasized t h a t S e y f e r t g a l a x i e s are o f t en 

m i l d l y d i s t u r b e d . From t h e VCV, RC2, and S G C , g a l a x i e s with c e n t r a l bars 

are found t o be marg ina l ly overrepresented in the S e y f e r t popula t ion 

( F i g . 5 ) . Such a trend has been reported e a r l i e r by Adams ( 1 9 7 7 ) , and 

Simkin e t a l . ( 1 9 8 0 ) . We have conducted a spec trophotometr ic survey at 

ES0/La S i l l a o f 100 normal and 230 barred s p i r a l g a l a x i e s searching f o r 
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( a - c ) 

2 Z L 
NO -5 SO 0 5 

Morphological type Τ 

F i g . 4 a - c : D i s t r i b u t i o n of r e -

v i s ed Hubble types f o r a) 

Sey 1 , b) Sey 2 , and c) HII 

g a l a x i e s . The shadowed columns 

y i e l d the d i s t r i b u t i o n of p e r -

turbed sys tems . 

so 0 5 
Morphological type Τ 

nuclear e m i s s i o n - l i n e a c t i v i t y . In 

comparison t o S e y f e r t g a l a x i e s and 

l o w - l e v e l a c t i v e g a l a x i e s only the 

s t a r b u r s t g a l a x i e s showed a s i g n i f i -

cant (4 t o 1) excess of barred r e l a -

t i v e t o non-barred s p i r a l s (Fr icke 

and K o l l a t s c h n y , 1 9 8 8 a ) . Thus, c o n t i -

nuous feeding by departures from sym-

metry such as bar i n s t a b i l i t i e s (Sim-

kin e t a l . , 1 9 8 0 ; Schwarz, 1 9 8 1 ; Nor-

man and S i l k , 1983) seems not t o be 

e f f i c i e n t in generat ing S e y f e r t a c t i -

v i t y but favours c e n t r a l s t a r b u r s t 

a c t i v i t y . 

Publ ished work on host ga laxy l u -

m i n o s i t i e s of S e y f e r t s i s very l i m i -

t e d . From s u r f a c e photometry o f a 

smal l sample Yee (1983) f i n d s a t e n -

dency of S e y f e r t s t o occur in lumi -

nous g a l a x i e s . Circumnuclear s p e c t r o -

scopy of the c e n t r a l r e g i o n s of Sey-

f e r t s i s important t o study the t h e o -

r e t i c a l l y p r e d i c t e d impact of nuc lear 

a c t i v i t y on the gas and s t e l l a r popu-

l a t i o n of the host ga laxy (Begelman, 

1985) . 

S u b s t a n t i a l work has been done on 

the i n f l u e n c e o f the nuc lear a c t i v i t y 

on the gas o f the host ga laxy and the 

surrounding medium regarding i o n i z a t -

ion and dynamics. Extended narrow-

l i n e r e g i o n s (ENLR), both cont igous 

(Fr icke and Reinhardt , 1 9 7 4 , Baldwin 

e t a l . 1987) and detached (Tadhunter 

e t a l . 1987) are present in many 

S e y f e r t g a l a x i e s . 

F i g . 4d: T o t a l d i s t r i b u t i o n 

F i g . 5 : Fract ion of barred g a l a x i e s 
and pure s p i r a l s f o r Sey 1 , Sey 2 , 
and HII g a l a x i e s 
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The [ O I I I ] - s t r u c t u r e i s g e n e r a l l y c o r r e l a t e d t o the rad io s t r u c t u r e seen 

with the VLA and may be induced by i t ( W h i t t l e e t a l . 1 9 8 8 , Wi l son e t 

a l . 1 9 8 8 ) . Var ious a s p e c t s of the nucleus - host ga laxy r e l a t i o n have 

r e c e n t l y been reviewed by Fosbury (1987) and Wilson and Heckman ( 1 9 8 5 ) , 

and w i l l not f u r t h e r be cons idered here . 

5 . M u l t i p l e n u c l e i systems 

From the po in t of view of the i n t e r a c t i o n model f o r quasar a c t i v i t y 

i t i s important t o look f o r S e y f e r t s which show c h a r a c t e r i s t i c s of on-

going c l o s e c o l l i s i o n s or merging as the most extreme forms o f i n t e r -

a c t i o n . Some prominent examples of t h i s type have f i r s t been l i s t e d by 

Pe tros ian e t a l . ( 1 9 7 9 ) . The d e f i n i t e double nucleus nature of such ob-

j e c t s must be demonstrated f o r each i n d i v i d u a l cand ida te . This can be 

attempted by look ing f o r the presence of t i d a l arms and/or h igh ly d i s -

turbed v e l o c i t y f i e l d s . The mere presence of morpholog ica l i r r e g u l a r i -

t i e s seems not s u f f i c i e n t t o d iagnose ongoing merging. A r e p r e s e n t a t i v e 

l i s t of S e y f e r t n u c l e i and s t a r b u r s t n u c l e i found in double -nuc leus 

systems i s g iven in Table 1 . 

Table 1: M u l t i p l e Nucleus G a l a x i e s 

Name 
Mkn 110 

Mkn 231 

Mkn 273 

Types Comments 
Sey 1 

Sey 1 

Sey 2 

s p a t i a l l y not r e s o l v e d 

{ (< 2 a r c s e c ) , 

s trong t i d a l arms 

Mkn 78 

NGC 5956 

Sey 2+Sey 2 

Sey 2+Sey 2 

r s p a t i a l l y not r e s o l v e d , s p e c t r . 

ι s epara ted , weak t i d a l arms 

Mkn 739 Sey 1 + S t a r b u r s t 

Mkn 266 Sey 2+Sey 2 / L i n e r 

Mkn 463 Sey 2 + S t a r b u r s t / S e y 2 

Mkn 673 Sey 2 + S t a r b u r s t ( ? ) 

{ 

s p a t i a l l y s e p a r a t e d , 
t i d a l arms, 
S e y f e r t 

c h a r a c t e r i s t i c s 

Mkn 1027 S t a r b u r s t + S t a r b u r s t 

Mkn 788 S t a r b u r s t + S t a r b u r s t 

Arp 220 S t a r b u r s t + S t a r b u r s t 

s p a t i a l l y separated 

{ t i d a l arms 

s t a r b u r s t s 

For the f i r s t t h r e e o b j e c t s of t h i s l i s t the m u l t i p l e nuc lear s t r u c -
t u r e impl ied by the s trong t i d a l t a i l s in these cases i s not s p a t i a l l y 
r e s o l v e d ( s e p a r a t i o n of the n u c l e i < 2 a r c s e c ) . For Mkn 110 Hutchings 
and Craven (1988) f i n d a s i n g l e S e y f e r t 1 nucleus and a t i d a l t a i l (a 
d i s t i n c t second po int source in Mkn 1 1 0 , p r e v i o u s l y supposed t o be a 
second nuc leus , turned out t o be a foreground s t a r ) . A s trong case f o r 
Mkn 231 being a r e c e n t l y merged system has been put forward by Hutchings 
and Neff (1987) and Hamilton and Keel (1987) where d e t a i l e d i n t e r p r e -
t a t i o n s of t h i s v i o l e n t l y d i s turbed o b j e c t s are g i v e n . 

The d i r e c t narrow-band image in the l i g h t of the [ O I I I ] 5007 l i n e of 
Mkn 273 shows an extended nuc lear r e g i o n . On the h i g h - r e s o l u t i o n VLA 
map a t 6cm two r a d i o n u c l e i separated by ~ 1 arcsec are seen; the 20cm 
map only shows extended s t r u c t u r e . A main s trong t i d a l arm of ~ 20kpc 
e x t e n t i s v i s i b l e in the [ 0 I I I ] i m a g e t o g e t h e r with s e v e r a l f e a t u r e s t o 
t h e NE viewed a t as the d e b r i s from recent t i d a l i n t e r a c t i o n s . 
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^Mkn 273 Β 

F i g . 6 : B-band image of Mkn 273 7: O v e r a l l spectrum of Mkn 273 

The t i d a l arms are as s trong in the cont inuous l i g h t . In a d d i t i o n an 
extremely b lue emiss ion reg ion (arrow) i s v i s i b l e in the B-band ( F i g . 
6 ) . The extended emiss ion of Mkn 273 i s of d i f f e r e n t nature than the 
ENLRs descr ibed by Fosbury ( 1 9 8 7 ) . The ENLRs are an e f f e c t of the a c -
t i v e nucleus whi le the t i d a l f e a t u r e s d i s cus sed here are connected 
with i t s f ormat ion . 

The o p t i c a l spectrum of the nucleus of Mkn 273 has a s t eep Balmer 
decrement. This i s c o n s i s t e n t with i t s s trong f a r - i n f r a r e d excess due 
t o thermal dust reemiss ion (Fr icke and Kol la t schny 1986) and with a UV 
spectrum being unusual ly weak f o r a S e y f e r t ga laxy (Ko l la t schny and 
F r i c k e , 1 9 8 8 b ) . The o v e r a l l spectrum with i t s high peak at 60ym ( F i g . 7 ) 
puts Mkn 273 among the most extreme i n f r a r e d sources in the sky . 

The n u c l e i of the next two o b j e c t s l i s t e d in Table 1 are only sepa-
r a t e d s p e c t r o s c o p i c a l l y . Mkn 78 and NGC 5929 both have double S e y f e r t 2 
s p e c t r a (De R o b e r t i s , 1 9 8 7 ; . K e e l , 1 9 8 5 ) . The s p e c t r a l reg ion around Hß 
i s reproduced in F i g . 8 f o r Mkn 78 (De R o b e r t i s , I . e . ) . T i d a l arms are 
weak in t h e s e c a s e s . These two o b j e c t s may be compared t o the quasar 
0945 + 076 with i t s d i s p l a c e d narrow-emiss ion l i n e s which G a s k e l l (1983) 
i n s p i r e d t o propose a s c e n a r i o f o r quasar a c t i v i t y i n v o l v i n g super-
massive b i n a r i e s . 

The double nucleus g a l a x i e s Mkn 2 6 6 , 7 3 9 , 4 6 3 , and 673 conta in a t 
I 1 I 

4 9 0 0 5000 
Wavelength (Â) 

. 5100 F i g . 8: The d o u b l e - l i n e d nuc lear 

spectrum of Mkn 78 
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l e a s t one S e y f e r t nucleus each. The n u c l e i are w e l l separated and s trong 

t i d a l arms are p r e s e n t . These o b j e c t s are cons idered t o be in the p r o -

c e s s of merging or c l o s e unbound encounters . The t i d a l t a i l seen in the 

[ O I I I ] i m a g e o f Mkn 266 ( F i g . 9 a ) resembles the extended [ O U I ] emiss ion 

observed by Stockton and MacKenty (1983) of e . g . the quasar 3CR 2 4 9 . 1 

MKN 266 
TL ι i_ ι t ι ι ι ι ι ι ι ι ιΠ 13 36 15.5 15.β 14.S 14.β 

ι_ι 1—ι 1 1 1 1 1 1—ι 1 1 1 1—ι 1—ι 1 »-J P I G H I A S C [ N S I 0 N 

( a ) ( b ) 

F i g . 9 : d i r e c t images of the double S e y f e r t nucleus ga laxy Mkn 266 

a) in the [ 0 Ι Ι Ι ] λ 5 0 0 7 l i n e , b) at 20cm with the VLA ( A - c o n f i g u r a t i o n ) 
The gas in t h e s e f e a t u r e s i s supposed t o be remnant gas of the c o l l i d i n g 

d i sk g a l a x i e s . The 20cm VLA r a d i o map of Mkn 266 has between the two 

r a d i o sources corresponding t o the o p t i c a l n u c l e i a s trong t h i r d source 

whose o r i g i n i s unc lear ( F i g . 9 b ) . In the IUE spectrum taken through the 

o p t i c a l n u c l e i (Ko l la t schny and F r i c k e , 1984) both n u c l e i are seen s e -

parated in the UV proving t h e i r nonthermal o r i g i n . Mkn 266 i s one of the 

few m u l t i p l e nucleus sources where i t i s p o s s i b l e t o ob ta in a not h e a v i -

l y reddened s trong UV spectrum owing t o i t s smal l dust content which i s 

c o n s i s t e n t with the observed smal l Balmer decrement in the nuc lear s p e c -

trum and i t s smal l i n f r a r e d e x c e s s . The v e l o c i t y f i e l d determined from 

l o n g - s l i t spec troscopy in p o s i t i o n angles 3 3 ° through n u c l e i a and b 

( F i g . 10a) and 1 2 3 ° through nucleus b ( F i g . 10b) has a very d i s turbed 

appearance. 

( a ) ( b ) 

F i g . 10a: Rotat ion curves of Mkn 266 a) through n u c l e i a and b 

and b) through nucleus b ( P . A . 1 2 3 ° ) 

( P . A . 3 3 0 ) f 
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Mkn 739 has a S e y f e r t 1 and a s t a r b u r s t nucleus separated by 6 arcsec 

(~ 3 . 5 k p c ) (Netzer e t a l . 1 9 8 7 ) . On the VLA map the s t a r b u r s t nucleus 

appears extended; the S e y f e r t 1 nucleus i s compact. The v e l o c i t y f i e l d 

i s s i m i l a r l y d i s turbed as f o r the p r e v i o u s l y d i s c u s s e d o b j e c t ; nucleus 

Β i s s t a t i o n a r y with r e s p e c t t o i t s surroundings in the parent ga laxy 

whi le nucleus A approaches the observer with a v e l o c i t y o f ~ 100 km/s. 

The double nucleus ga laxy Mkn 673 has an unusual hos t ga laxy with 

c o l o r s l i k e an e l l i p t i c a l g a l a x y . The spec tra o f the n u c l e i are a mix-

t u r e o f an e l l i p t i c a l ga laxy spectrum and an A- type absorpt ion l i n e 

spectrum o r i g i n a t i n g from a past s t a r b u r s t as w e l l as a h e a v i l y reddened 

emiss ion l i n e spectrum with s trong Ha and [ N i l ] l i n e s . This o b j e c t with 

i t s composite spectrum i s r emin i scen t o f the r e c e n t l y def ined "E + A 1 1 - , 

g a l a x i e s ( D r e s s i e r and Gunn, 1985) as observed in the c e n t r a l r e g i o n s 

o f d i s t a n t c l u s t e r s ( B u t c h e r - O e m l e r - e f f e c t , c f . Koo, 1 9 8 7 ) . 

An example o f a double nucleus system with two s t a r b u r s t s i s Mkn 

1 0 2 7 . This o b j e c t shows a l l the s i g n a t u r e s o f a merging system: s trong 

t i d a l arms, s trong f a r - i n f r a r e d e m i s s i o n , and a h igh ly d i s turbed r o t a t -

ion f i e l d . 

Ear ly -on we have no t i ced t h a t a l l m u l t i p l e nucleus g a l a x i e s are 

among the s t r o n g e s t f a r - i n f r a r e d sources de tec t ed by IRAS (Fr icke and 

K o l l a t s c h n y , 1 9 8 6 , 1 9 8 7 a ) . R e c e n t l y , i t has been proposed by Sanders e t 

a l . ( 1988) t h a t such dust-enshrouded u l t r a - l u m i n o u s mergers or i n t e r -

a c t i n g g a l a x i e s with f a r - i n f r a r e d l u m i n o s i t i e s exceeding 10^ |_ Q w i l l 

t ake on the appearance o f quasars once the dust i s swept o u t . In support 

o f t h i s idea the comparable space d e n s i t i e s o f the i n f r a r e d o b j e c t s and 

the quasars are invoked. Such an e v o l u t i o n a r y l i n k , however, i s not en-

t i r e l y c o m p e l l i n g . F i r s t , i t seems t o be d i f f i c u l t t o account foi? the 

composi te nature o f t h e s e o b j e c t s wi th in t h i s p i c t u r e . Some o f t h e s e o b -

j e c t s are j u s t double s t a r b u r s t g a l a x i e s , o t h e r s have a S e y f e r t nucleus 

and a concomitant s t a r b u r s t showing t h a t not always in such c l o s e en-

counters S e y f e r t n u c l e i are generated in t h e c o l l i s i o n p a r t n e r s . Ob-

v i o u s l y , the n u c l e i of the c o l l i d i n g g a l a x i e s must a lready be endowed 

with c e n t r a l machines ( e . g . supermassive black h o l e s ) which then can be 

fed as a r e s u l t o f the encounter or merging by gas and molecular c louds 

i f a S e y f e r t nucleus or quasar i s t o be formed. Secondly , the d i f f e r e n t 

l i f e t i m e s of the s t a r b u r s t and the S e y f e r t phenomena ( see below) make 

an e v o l u t i o n a r y l i n k between the two o b j e c t s d i f f i c u l t t o accept even 

i f the space d e n s i t i e s o f the two o b j e c t c l a s s e s are found t o be com-

p a r a b l e . For a c r i t i c a l d i s c u s s i o n of an e v o l u t i o n a r y l i n k between s t a r -

b u r s t g a l a x i e s and S e y f e r t g a l a x i e s as sugges ted by Weedman (1983 ) and 

Balzano (1983) see De R o b e r t i s and Shaw ( 1 9 8 8 ) . 

6 . S e y f e r t g a l a x i e s in t i d a l l y i n t e r a c t i n g systems 

Next we turn t o Arp type i n t e r a c t i n g systems (Arp, 1 9 6 6 , Vorontsov-

Ve l jaminov , 1977) in which two or more i n d i v i d u a l g a l a x i e s are mutual ly 

d i s t o r t e d . The inc idence o f nonthermal n u c l e i and s t a r b u r s t s among such 

systems seems t o be g e n e r a l l y enhanced (Keel e t a l . , 1 9 8 5 ) . In f a c t , 

very luminous and extended s t a r b u r s t s have been observed in i n t e r a c t i n g 

and merging g a l a x i e s (Joseph e t a l . , 1 9 8 5 ; Schweizer , 1 9 8 2 ; B e r g v a l l 

and Johansson, 1 9 8 5 ) . A d e f i c i e n c y of a c t i v e n u c l e i in v i o l e n t l y i n t e r -
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a c t i v e systems has been no t i ced (Keel e t a l . , 1985; Bushouse, 1 9 8 6 ) . 

We suspec t t h a t t h i s may be e f f e c t e d by heavy dust obscurat ion o f a l -

ready present a c t i v e r e g i o n s and/or by a delayed turn-on of S e y f e r t 

a c t i v i t y a f t e r t i d a l p e r t u r b a t i o n s . Recent i n v e s t i g a t i o n s by Sanders e t 

a l . ( 1988) and Lin e t a l . (1988) are lending some support t o t h e s e 

p o s s i b i l i t i e s . 

T y p i c a l examples f o r S e y f e r t s in t i d a l l y d i s t o r t e d g a l a x i e s are the 

S e y f e r t 1 ga laxy Arp 102B and the S e y f e r t 2 galaxy NGC 2 9 9 2 . NGC 2992 

has a companion (NGC 2993) 25kpc away with a s t a r b u r s t spectrum. An 

ENLR cont iguous with the NLR of the a c t i v e nucleus i s present in NGC 

2992 and has been analysed s p e c t r o s c o p i c a l l y in var ious s l i t p o s i t i o n s 

around the a x i s of i t s r a d i o source by Col ina e t a l . ( 1 9 8 7 ) . This 

ENLR reaches f a r out (~ 2kpc) i n t o the host ga laxy and i s dynamical ly 

decoupled from t h e nuc lear NLR. 

Bushouse (1986 ) has s tud ied s p e c t r o p h o t o m e t r i c a l l y a sample of ~ 70 

v i o l e n t l y i n t e r a c t i n g systems and Keel e t a l . (1985) a sample o f ~ 50 

of such systems. .Among i n t e r a c t i n g systems Keel does not f i n d evidence 

f o r a dependence o f the e m i s i s o n - l i n e a c t i v i t y on galaxy s e p a r a t i o n 

over the range 15-50kpc and l i k e w i s e Bushouse f o r the range 2 5 - 1 2 5 k p c . 

ο"θ.Ο 

ïi. 

μ R E G I O N S 

L O W - I O N I Z A T I O N 

log 

0.0 

(NU I λ 6584 ÏMISS8S 

(a) (b) 
F i g . 1 1 a , b : The "Baldwin" diagrams a) f o r K e e l ' s sample (15 -50kpc g a l a -
xy d i s t a n c e ) , b) f o r a sample o f m u l t i p l e n u c l e i ( < 15kpc g a l . d i s t . ) 

The d i s t r i b u t i o n o f the s t a r b u r s t n u c l e i found in i n t e r a c t i n g systems 

covers a wide range in the l i n e - r a t i o diagram [ 0 Ι Ι Ι ] λ 5 0 0 7 / Η β v s . [ Ν Ι Ι ] λ 

6584/Ηα (Baldwin d iagram) . For K e e l ' s sample t h i s diagram i s reproduced 

in F i g . 1 1 a . The same diagram f o r a sample of double nucleus g a l a x i e s 

( F i g . l i b ) shows much higher e x c i t a t i o n (h igher [ 0 I I I ] / H ß r a t i o ) of the 

i n d i v i d u a l n u c l e i (Ko l la t schny e t a l . , 1 9 8 6 ) . Thus, the nuc lear a c t i v i -

t y g e t s s t r o n g l y enhanced i f the i n t e r a c t i o n reaches the extreme of 

merging or pene tra t ing c o l l i s i o n below the 15kpc s c a l e . 

7 . Companions and groups around S e y f e r t g a l a x i e s 

The environment o f S e y f e r t g a l a x i e s out t o ~ 50kpc has been exp lored 
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by Dahari ( 1 9 8 4 , 85) by searching on POSS p l a t e s f o r companions which 

are c l o s e r than 3 t imes t h e major a x i s t o t h e S e y f e r t ga laxy and g r e a t e r 

than a c e r t a i n angular s i z e . From a sample of 93 S e y f e r t s he f i n d s t h a t 

S e y f e r t g a l a x i e s have by a f a c t o r o f ~ 4 more f r e q u e n t l y (15 per cent) 

such companions than the f i e l d g a l a x i e s in h i s c o n t r o l sample . Byrd e t 

a l . (1987) r e d i s c u s s e d t h i s a n a l y s i s by taking i n t o account smal l angu-

l a r s i z e companions and d i s t a n t companions t h a t may t r i g g e r or may have 

t r i g g e r e d S e y f e r t a c t i v i t y . These authors e s t i m a t e t h a t a t l e a s t 75% of 

the S e y f e r t g a l a x i e s have companions wi th in d i s t a n c e s of s e v e r a l lOOkpc. 

They conclude t h a t t i d a l i n t e r a c t i o n s could be the predominant cause of 

S e y f e r t a c t i v i t y . F u e n t e s - W i l l i a m s and Stocke (1988) using d i f f e r e n t 

s e l e c t i o n c r i t e r i a than Dahari in de f in ing the environment of S e y f e r t 

g a l a x i e s reach the conc lus ion t h a t S e y f e r t s do not pos se s s a c l e a r 

exces s o f luminous (My < - 1 8 ) companions r e l a t i v e t o a c o n t r o l sample 

o f normal s p i r a l s . 

One of the major d i f f i c u l t i e s in t h i s program seems t o be the proper 

cho ice of c o n t r o l f i e l d s . 

R e c e n t l y , ev idence has been c o l l e c t e d from i n s p e c t i o n of POSS and 

ESO/SRC p l a t e s as w e l l as subsequent spectroscopy t h a t the environment 

of S e y f e r t g a l a x i e s has t o be searched at l e a s t out t o ~ IMpc f o r com-

panions which may have i n t e r a c t e d e a r l i e r with the S e y f e r t ga laxy 

(Ko l la t s chny and F r i c k e , 1 9 8 5 , 1987b; Fr icke e t a l . 1 9 8 6 ; Fr icke and 

K o l l a t s c h n y , 1 9 8 7 b ) . Thereby, i t has been found t h a t S e y f e r t g a l a x i e s 

occur in ga laxy groups which p o s s i b l y conta in one or more of the c o l l i -

s i on par tners r e s p o n s i b l e f o r the S e y f e r t a c t i v i t y . 15 groups around 

S e y f e r t g a l a x i e s have been analysed t o g e t h e r with 9 c o n t r o l groups 

around non-Sey fer t g a l a x i e s of the same morpholog ica l t y p e . Examples of 

a S e y f e r t and a c o n t r o l group are shown in F i g . 12a , b . Membership of 

t h o s e groups has been confirmed s p e c t r o s c o p i c a l l y . The s p a t i a l d i s t r i -

b u t i o n , k inemat ics and the high percentage o f s p i r a l s are t y p i c a l f o r 

l o o s e groups . Spectroscopy o f the member g a l a x i e s r e v e a l s t h a t on ave -

rage in the v i c i n i t y of the S e y f e r t g a l a x i e s the companions are more 

a c t i v e than f u r t h e r o u t . This i s i n t e r p r e t e d in terms of prev ious i n t e r -

a c t i o n s of those c l o s e r companions with t h e i r S e y f e r t g a l a x y . I n s t e a d 

of l o o s i n g t h e i r gas conten t , s t a r b u r s t s were i n i t i a t e d wi th in the com-

panions during t h e h y p e r b o l i c encounters . A f t e r s u f f i c i e n t l y l a r g e 

t r a v e l t imes such s t a r b u r s t s - due t o t h e i r l i m i t e d l i f e t i m e s - w i l l be 

e x t i n c t in the companions receding at l a r g e d i s t a n c e s from t h e i r Sey-

f e r t g a l a x y . 

For a l l g a l a x i e s we have measured the e m i s s i o n - l i n e i n t e n s i t i e s and 

have determined the dereddened Ηα - l u m i n o s i t y which we adopted as measure 

of the a c t i v i t y l e v e l in t h e s e g a l a x i e s . The d i s t r i b u t i o n s with d i s t a n c e 

from the S e y f e r t galaxy of a) the t o t a l number of g a l a x i e s , b) of the 

g a l a x i e s with high e m i s s i o n - l i n e a c t i v i t y (L(Hot) > 1 0 3 9 e r g / s ) i a n d c) of 

the g a l a x i e s having low a c t i v i t y are g iven in F i g s . 1 3 a - c , r e s p e c t i v e l y . 

The more a c t i v e companions concentra te around the S e y f e r t g a l a x i e s , 

whi le a t l a r g e r d i s t a n c e s mainly lower l e v e l a c t i v i t y i s found. The 

d i s t r i b u t i o n s with r e s p e c t t o non-Sey fer t r e f e r e n c e g a l a x i e s do not 

show t h i s c h a r a c t e r i s t i c behaviour . The c o n t r o l groups conta in mainly 

g a l a x i e s with l o w - l e v e l a c t i v i t y and do not show any s p a t i a l concen-

t r a t i o n of the more a c t i v e members ( F i g . 1 4 a - c ) . A d e t a i l e d d i s c u s s i o n 
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(a) (b) 

F i g . 1 2 : Loose groups around a) t h e S e y f e r t ga laxy NGC5135, and 

b) the non S e y f e r t ga laxy NGC600. 

(a) ,. (b) (c) 

200 400 600 «00 
Δ [kpc] 

F i g . 1 3 : S p a t i a l d i s t r i b u t i o n s of galaxy counts around S e y f e r t 

g a l a x i e s a) a l l , b) more a c t i v e , c) l e s s a c t i v e g a l a x i e s 

Δ [kpc] Δ [kpc] Δ [kpc] 

F i g . 1 4 : S p a t i a l d i s t r i b u t i o n s of ga laxy counts around non-Sey fer t 
r e f e r e n c e g a l a x i e s , a) a l l , b) more a c t i v e , c) l e s s a c t i v e g a l a x i e s 
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i s g iven by Ko l la t schny and Fr icke (1988c ) and Fr icke and Kol la t schny 

( 1 9 8 8 b ) . 

The s t a r b u r s t a c t i v i t y in the companions can be taken as s trong e v i -

dence t h a t t h e s e o b j e c t s were p r e v i o u s l y engaged in h y p e r b o l i c encoun-

t e r s with a S e y f e r t g a l a x y . R e c e n t l y , Byrd e t a l . ( 1987) have demonstra-

t e d in numerical experiments t h a t h y p e r b o l i c encounters can t r i g g e r d i sk 

i n s t a b i l i t i e s in the outer r e g i o n s of a s p i r a l ga laxy a t a very low 

t h r e s h o l d o f the i n t e r a c t i o n parameter (Dahari , 1984) or at minimum d i s -

t a n c e s as l a r g e as s e v e r a l d i sk r a d i i . They show in t h e i r experiments 

t h a t by v i r t u e of the Toomre (1981) " swing -ampl i f i ca t ion" proces s g a s e -

ous i n f l o w r a t e s appropr ia te f o r s t a r b u r s t a c t i v i t y or the f eed ing o f a 

non-thermal source are generated in a reg ion l - 2 k p c from the nucleus 

( c f . a l s o Noguchi , 1 9 8 7 ) . Lin e t a l . (1988) demonstrate the f e a s i b i l i t y 

of a mechanism (nonaxisymmetric g r a v i t a t i o n a l i n s t a b i l i t y o f marg ina l ly 

s e l f - g r a v i t a t i n g d i s k s ) f o r communicating the t i d a l d i s turbance down t o 

t h e compact nucleus of the ga laxy with a s u f f i c i e n t a c c r e t i o n r a t e t o 

power S e y f e r t a c t i v i t y . The r e s u l t i n g l i f e t i m e of a S e y f e r t nucleus 

a f t e r a t i d a l encounter according t o t h i s model may be as long as 

~ lOlO y r s . Thi s i s c o n s i s t e n t with the d i s t a n c e s and v e l o c i t i e s mea-

sured f o r t h e a c t i v e group members. The maximum observed d i s t a n c e of an 

a c t i v e companion t o the S e y f e r t ga laxy i s ~ GOOkpc. With a v e l o c i t y d i s -

pers ion o f ~ 400km/s f o l l o w s a minimum l i f e t i m e f o r the S e y f e r t a c t i v i t y 

of ~ 1 0 9 y r s . 

The c r i t i c a l t r i g g e r i n g l e v e l o f a s e l f g r a v i t a t i n g d i sk found by Byrd 

e t a l . (1987) i s very s e n s i t i v e t o the presence of a s t a b i l i s i n g massive 

ha lo which can suppress the i n s t a b i l i t y and quench t h e f u e l l i n g f l o w . 

The i n f l o w r a t e v s . t ime from s i m u l a t i o n s o f c l o s e encounters of a d i sk 

ga laxy without a massive halo i s shown in F i g . 1 5 . The phenomenon of a 

l a t e n c y per iod of 2 108 yrs a f t e r the encounter and a t r i g g e r i n g per iod 

of >5 -10^yrs , i s s een . The f low r a t e s are reduced by two orders o f magni-

tude compared t o those shown here i f a massive halo of t h r e e t imes the 

d i sk mass i s p r e s e n t . 

300 ι 1 1 1 1 1 1 1 I 1 1——ι 1 1 1 1 1 

0.3 0.4 0.5 
T i m e ( G y r ) 

F i g . 15: In f low r a t e s v s . t ime 
t r i g g e r e d by a c l o s e encounter 
in the outer g a l a c t i c d i sk 

0.0 l — Ι 1 1 1 Ι Ι Ι 1 
ο 5 1 0 

T i m e ( G y r ) 

F i g . 1 6 : B l a c k - h o l e - f e e d i n g a c c r e t -
ion f low v s . t ime t r i g g e r e d by a 
d i s turbance at the inner d i sk 

The c l o s e encounter causes a s trong d i s turbance i n s i d e the 2kpc r e -

g ion which w i l l s t r o n g l y enhance the a c c r e t i o n f low around any dormant 

b lack ho le at the c e n t e r . According t o the c a l c u l a t i o n s by Lin e t a l . 
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( 1 9 8 8 ) t h e a c c r e t i o n r a t e reaches a maximum a f t e r lGyr and de -

c l i n e s s lowly af terwards ( F i g . 1 6 ) . 

The s t r o n g l y s t a b i l i s i n g e f f e c t of massive ha los may be the reason 

why in the non-Sey fer t groups only l o w - l e v e l a c t i v i t y i s found, namely 

i f in such groups the g a l a x i e s have s y s t e m a t i c a l l y more massive h a l o s . 

In t h i s r e s p e c t o b s e r v a t i o n s of r o t a t i o n curves by Burs te in and Rubin 

(1985) may be r e l e v a n t which i n d i c a t e t h a t g a l a x i e s not in the f i e l d 

have s y s t e m a t i c a l l y lower h a l o / d i s k r a t i o s , independent of morpholog i -

c a l type and l u m i n o s i t y . 

S ince d i sk g a l a x i e s without ha lo s are very e a s i l y per turbed , they 

w i l l have surv ived t o t h e present epoch p r e f e r e n t i a l l y in l e s s dense 

environments . There i s some ev idence t h a t S e y f e r t g a l a x i e s and nearby 

QSO's occur l e s s f r e q u e n t l y in r i c h c l u s t e r s than in the f i e l d ( c f . 

Os terbrock , 1 9 8 6 , 1 9 8 7 ) . 

CONCLUSIONS 

The i n t e r a c t i o n p i c t u r e as a framework f o r d i s c u s s i n g nuc lear a c t i -

v i t y (QSO's , S e y f e r t - , r a d i o - and s trong f a r - i n f r a r e d g a l a x i e s ) has 

developed from var ious d i f f e r e n t d i r e c t i o n s . We e x p l i c i t l y mentioned in 

t h i s rev iew the perturbed host g a l a x i e s - sometimes with s trong t i d a l 

arms - the high frequency of companions both i n t e r a c t i n g or c r u i s i n g 

c l o s e - b y , and the pre ference o f QSO's t o r e s i d e in r e g i o n s with en-

hanced ga laxy d e n s i t y r e l a t i v e t o the f i e l d . For the quasars most of 

the e x i s t i n g work c o n s i s t s of CCD imaging. Many important q u e s t i o n s , 

however, may only be answered by d e t a i l e d deep spec troscopy both of the 

host g a l a x i e s and of the companions. 

Work on t h e nearby a c t i v e o b j e c t s t e l l s us t h a t merging events a c t u -

a l l y occur and are a s s o c i a t e d with nuc lear a c t i v i t y (non-thermal and 

s t a r b u r s t a c t i v i t y ; s trong f a r - i n f r a r e d e m i s s i o n ) . The study o f the 

group environment of S e y f e r t g a l a x i e s shows t h a t ongoing i n t e r a c t i o n s 

are not r e q u i r e d t o produce nuc lear a c t i v i t y in an o b j e c t . The t r i g g e r -

ing event of a c t i v i t y i s probably not always connected with merging, 

t h i s being only the most extreme form of i n t e r a c t i o n . The t r i g g e r i n g 

may have happened long ago during a h y p e r b o l i c encounter , and t h e fromer 

c o l l i s i o n par tners are now being observed a t l a r g e s e p a r a t i o n s from 

each o ther when the AGN i s s t i l l s t r o n g . There i s now much ev idence t h a t 

a c l o s e i n t e r a c t i o n i s merely necessary f o r t r i g g e r i n g of an i n s t a b i l i t y 

in t h e s e l f - g r a v i t a t i n g d i sk of the host ga laxy whi le the l e v e l of a c -

t i v i t y i s t o be l inked t o the p r o p e r t i e s of the host ga laxy i t s e l f (gas 

c o n t e n t , g r a v i t a t i o n a l f i e l d at the c e n t e r , v e l o c i t y d i s p e r s i o n of the 

s t a r s , halo mass, e t c . ) . Then, i t presumably depends most ly o f the p r o -

p e r t i e s o f t h e hos t ga laxy and i t s nucleus whether the a c t i v i t y r e s u l -

t i n g from the a c t i o n o f t h e environment w i l l become mani fes t as a s t a r -

b u r s t , a S e y f e r t g a l a x y , a r a d i o - l o u d or r a d i o - q u i e t AGN. 

Bes ides f u r t h e r h i g h - p r e c i s i o n o b s e r v a t i o n s , more t h e o r e t i c a l i n v e -

s t i g a t i o n s which could e n l i g h t e n our understanding of the complex p r o -

c e s s e s f o l l o w i n g a t i d a l encounter in the host g a l a x i e s are needed and 

are a g r e a t c h a l l e n g e . 
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DISCUSSION 

SIM KIN You mentioned the difference between objects with massive haloes 
and those without. This is a difference in the radial mass distribution of the host galaxy. 
Only with certain compact mass distributions will interactions (or bars) result in nuclear 
inflow. Do you see any evidence of this concentration discrimination between interacting 
objects with AGNs and those without? 

FRICKE Not at this moment. It may be possible to get this information from 
the rotation curves in both kinds of interacting systems. This is indeed an important 
next step in this process. 

SHLOSMAN Your conclusions about normal abundance of large-scale stellar 
bars in AGNs seem to be in contradiction with the surveys of Seyfert and starburst 
galaxies, e.g., Adams (1977), Simkin et al (1980), Balzano (1983), Verter (1987), 
MacKenty (1988). How do you explain this difference? 

FRICKE We took the morphological classifications for all active galaxies 
listed in the Véron-Cetty and Véron (1987) catalogue from the RC2 and SGC. This 
combination provides the largest homogeneously classified sample of AGNs. The de-
rived incidence of barred spirals among the various AGN types is fully confirmed by our 
spectrophotometric survey at ESO. Adams and Simkin considered much smaller samples 
and merely stated a marginal preponderance of bars in Seyfert galaxies. For starburst 
galaxies as investigated by Balsano there is no disagreement. I am not aware that Verter 
addresses the frequency of bars and I did not see the preprint by McKenty which you 
mention. 

ROOS I have two comments regarding mergers. First, estimates of the 
present merging rate among galaxies indicate that it is sufficient to account for the 
present number of AGNs. Second, it is possible, and in my view even likely, that a 
galactic nucleus becomes active only in the relatively late stage of the merger event, 
when the nuclei are separated by less than 1 kpc. The outer parts of the galaxy would 
probably still look distorted but you would not see a double nucleus. 

FRICKE Regarding your first point, I don't think that the environment of 
Seyfert galaxies is sufficiently explored to estimate the merger rate accurately. As to 
your second statement, from the existence of merging double-nucleus Seyfert galaxies, 
I am not convinced that the nuclear activity turned on only in such late stages as you 
have in mind. 
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