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1 . T h e v e r y l o n g t e r m flux v a r i a t i o n s , a n d t h e r a r e t r a n s i e n t 
e v e n t s 

D a t a which a r e o b t a i n e d t o d a y can be re -acqui red b e t t e r a n d faster in t h e 

fu tu re . T h e i r only e n d u r i n g va lue , after t hey have been i n t e r p r e t e d , is as 

h i s to r ica l m a r k e r s . W i t h e lec t ronic a rch iv ing one can envision archives cov-

e r ing decades , cen tur ies a n d even longer pe r iods of obse rva t ions of selected 

ob j ec t s or classes of ob jec t s . Such a d a t a base would allow t h e s t u d y of 

p h e n o m e n a w i th low t e m p o r a l f requencies , a n d of r a r e even t s . 

F i r s t h i n t s of such p h e n o m e n a in A G N have been discovered recen t ly : 

1) T h e Seyfert I s , t h e bes t s tud ied A G N a t p resen t , exhib i t flux va r i a t i ons 

on t i m e scales r a n g i n g from hour s t o several yea rs (see Ulr ich e t a l . 1997) . 

T h e fas ter va r i a t i ons ( u p t o m o n t h s ) have been extens ively obse rved , a n d 

t h e y a r e bes t u n d e r s t o o d as be ing caused by m a g n e t i c flares in t h e co rona 

a b o v e t h e cen t r a l p a r t of t h e accre t ion disk (Blandford a n d P a y n e 1982). 

T h e or igin of t h e long t e r m a n d large a m p l i t u d e U V / o p t i c a l flux var ia-

t ions ( factor 20 in severa l years as observed in N G C 4 1 5 1 a n d F 9 ) , however , 

r e m a i n essent ia l ly u n k n o w n . 

2) R a r e u n e x p e c t e d events have recent ly been recorded in t h e form of 

t h e a p p e a r a n c e of b r o a d emission lines in galaxies which h a d prev ious ly 

d i sp layed m o d e r a t e or no signs of ac t iv i ty (e.g. N G C 1097 a n d N G C 4552; 

S t o r c h i - B e r g m a n n et al . 1995, Renzini et al . 1995). T h i s inf requent occur-

rence of t r a n s i e n t energe t ic even t s is re la ted in an as yet unc lea r way t o 

t h e d u t y cycle of A G N a n d is m a d e especial ly in t e re s t ing by t h e g rowing 

ev idence for a b lack hole in every la rge ga laxy nuc leus . 

99 

Y. Sofue (ed.), The Central Regions of the Galaxy and Galaxies, 99-101. 
© 1998 IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900084199 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900084199


100 M.-H. ULRICH 

B o t h t y p e s of long t e r m var i a t ions will benefit from t i m e coverage ex-

t e n d i n g over decades a n d cen tu r i e s . T h e power s p e c t r u m of t h e long t e r m 

va r i a t i ons could b e c o m p a r e d t o t h e p red ic t ions for var ious accre t ion mech-

a n i s m s , t h e r e b y enab l ing t h e t r u e m e c h a n i s m t o b e identif ied. As for t h e 

r a r e e v e n t s , one could wi tness " l ive" t h e accre t ion of m i n u t e ob jec t s such as 

s t a r s or m ic roc louds , a n d t h e passage of a given A G N from t h e " d o r m a n t " 

t o t h e "work ing" s t age . 

Long t i m e base obse rva t ions a re no t t h e only way t o s t u d y r a r e or 

slow p h e n o m e n a . S ta t i s t i c s is a n o t h e r m e t h o d of choice. F u r t h e r m o r e , o t h e r 

t y p e s of obse rva t ions will c o n t r i b u t e t o our u n d e r s t a n d i n g of A G N long 

t e r m var iabi l i ty . T h e m o s t p romis ing is long basel ine i n t e r f e rome t ry wh ich 

has t h e p o t e n t i a l t o uncover t h e deta i l s of s t a r -by - s t a r accre t ion a n d t o m a p 

i n c o m i n g flows. O n t h e o t h e r h a n d , does t h e fu ture hold some surpr i ses 

in s to re for us which would shake t h e founda t ions of t h e cu r r en t A G N 

p a r a d i g m ? 

2 . E x p l o r i n g t h e p a r a m e t e r s p a c e d e f i n e d b y b l a c k h o l e m a s s a n d 
a c c r e t i o n r a t e 

In recen t yea rs t w o m e t h o d s have been developed t o e s t i m a t e t h e m a s s 

of t h e cen t r a l b lack hole in A G N : one is s t r a igh t fo rward and is based on 

spa t i a l ly resolved H S T s p e c t r a , t h e o the r involves t h e obse rva t ions of t h e 

t i m e de lay b e t w e e n t h e va r i a t ions of t h e c o n t i n u u m flux a n d t h e va r i a t i ons 

of t h e b r o a d emiss ion lines in tens i ty . A n o t h e r i m p o r t a n t deve lopmen t h a s 

b e e n t h e ident i f ica t ion of subclasses of A G N wi th e x t r e m e values of t h e 

acc re t ion r a t e : t h e N a r r o w Line Seyfert I s , N L S l , which m a y be acc re t ing 

a t a r a t e close t o t h e E d d i n g t o n r a t e ( P o u n d s et al . 1995) a n d , in c o n t r a s t , 

t h e e x t r e m e l y weak A G N which ev ident ly have a very low accre t ion r a t e . 

T h e A G N s igna tu re s in t h e l a t t e r ca tegory a re weak b road emission l ines , 

or d i rec t or ind i rec t ev idence for t h e presence of a faint n o n - t h e r m a l UV 

source or po in t - l ike r ad io source (Ho et a l . 1995, Maoz et al . 1995, Falcke 

et al . 1997). 

A v igorous effort is going t o be m a d e in t h e coming decade(s ) t o m e a s u r e 

t h e b lack hole m a s s MBH a n d t h e accre t ion r a t e M in t h e above m e n t i o n e d 

A G N subc lasses , a n d in quasa r s a n d classical Seyfert I s . It will t h e n be pos -

sible t o p lace all t he se A G N in t h e p a r a m e t e r space MBH, M. 

T h e n e x t s t e p will be t o inves t iga te which of t h e var ious accre t ion pro-

cesses p reva i l in t h e different regions of t h e MBH ~ M p l ane a n d in t h e 

different l uminos i ty in te rva ls in t h e A G N Luminos i ty F u n c t i o n : acc re t ion 

of i nd iv idua l s t a r s , or of mic ro c louds; s tel lar collisions; cool ing flows; l a rge 

c o n t i n u o u s flows t r iggered by b a r s or merge r s ; advec t ion . 

F i g u r e 1 is a ske tch of ou r cu r r en t knowledge on MBH a n d on t h e r a t i o 
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Figure 1. S k e t c h as of A u g u s t 1997 s u m m a r i s i n g our k n o w l e d g e of h o w t h e 
M B H , LßoilLEdd p a r a m e t e r s p a c e is p o p u l a t e d . N o t e t h a t different a c c r e t i o n p r o c e s s e s 
c o u l d prevai l in dif ferent areas of t h e d i a g r a m . 

Lßolli>Edd ( r a t h e r t h a n M ) . T h e thick crosses r ep resen t t h e genera l a r e a 

occup ied by Seyfert I s as d e t e r m i n e d from m e a s u r e m e n t s (see Ulrich e t a l . 

1997) . T h e references for t h e t h r e e po in t s r ep re sen t ing specific A G N are 

t h e following: M 81 (Ho a n d Sargen t 1996); t h e Ga lac t i c C e n t e r (Mezger 

1994, Genze l e t al 1997) , a n d N G C 4552 (Renzin i et al 1995, a n d a s s u m i n g 

MBH b e t w e e n 1 0 6 a n d 1 0 7 M © ) . 
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