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T h e r e is n o w compel l ing evidence for mass ive da rk ob jec t s a t t h e cen te r s 

of severa ls ga lax ies . T h e poss ibi l i ty t h a t these a re black holes (BHs) fits well 

i n t o t h e p i c t u r e w h e r e q u a s a r s a n d A G N s a re powered by accre t ion o n t o a 

m a s s i v e B H , so t h a t dead quasa r engines should b e h id ing in m a n y n e a r b y 

ga lax ie s . 

However , as emphas i zed by R ichs tone a n d K o r m e n d y (1995) , t h e m a s -

sive B H p i c t u r e h a s b e c o m e a p a r a d i g m , which is a d a n g e r o u s s i t u a t i o n 

s ince i t is easy t o bel ieve t h a t we have proved w h a t we expec t t o find. High 

M/L r a t io s in ga lac t ic cen te rs do no t un ique ly imply mass ive B H s . T o ar-

gue convinc ingly t h a t t hese ob jec t s a re BHs we m u s t ru le ou t a l t e r n a t i v e s 

t o a B H , a n d t h e a l t e r n a t i v e t o a po in t mass is a c lus ter of some sor t of 

n o n l u m i n o u s s t a r s , such as a c lus ter of s te l lar r e m n a n t s or b r o w n dwar f s . 

O n e way t o ru le o u t a d a r k c lus ter is t o show t h a t i ts l ifetime m u s t b e very 

s h o r t . A c lus te r w i th a l ifet ime m u c h sho r t e r t h a n 10 G y r is u n a c c e p t a b l e 

b e c a u s e obse rv ing i t a t t h e p re sen t e p o c h would be h ighly i m p r o b a b l e . 

T h e r e a r e t w o m a i n process which l imi t t h e l ifet ime of a n y s te l lar dy-

n a m i c a l s y s t e m : e v a p o r a t i o n , which is t h e inev i t ab le process of a con t inuous 

leakage of s t a r s from t h e c lus ter d u e t o weak g rav i t a t i ona l s c a t t e r i n g , a n d 

t h e d e s t r u c t i o n of t h e c lus ter d u e t o phys ica l collisions b e t w e e n t h e s t a r s . 

A d a r k c lus te r m a y consis t of ( a ) BHs a n d n e u t r o n s t a r s , w h e r e t h e 

collision t imesca le is essent ia l ly infinite; (b ) ob jec t s of m a s s smal le r t h e n 

« 3 x 1 0 ~ 3 Μ Θ , w h e r e t h e g r a v i t a t i o n a l forces a re smal l c o m p a r e d w i t h 

t h e e l ec t ro s t a t i c forces (as in p l a n e t s , for e x a m p l e ) ; a n d (c) ob jec t s which 

a r e he ld by e l ec t ron-degeneracy p ressu re , such as b row dwarfs which a r e 

hyd rogen - r i ch a n d t h u s have masses u p t o t h e Η - b u r n i n g m a s s l imi t , a n d 

w h i t e dwar fs . 

Since o u r goal is t o ru le ou t a d a r k c lus ter by showing t h a t i t s l i fet ime 

m u s t b e very s h o r t , we m u s t b e m o s t generous a n d a s s u m e t h a t t h e c lus te r 
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m a y consis t of t h a t k ind of ob jec t s which max imizes i t s l i fet ime. There fo re , 

for eve ry c o m b i n a t i o n of a c lus te r ' s ha l f -mass , Mh, a n d hal f -mass dens i ty , 

Ph ( m e a n d e n s i t y w i t h i n ha l f -mass r a d i u s ) , we e x a m i n e d all poss ib le s te l lar 

t y p e s a n d m a s s e s , a n d found t h e m a x i m u m possible c lus te r l i fet ime. 
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Figure 1. The maximum possible lifetime of a central cluster against the processes of 
evaporation and physical collisions. 

For e x a m p l e , t h e m a x i m u m lifet ime of a c lus ter w i th hal f -mass of Ι Ο 7 Μ Θ 

a n d ha l f -mass dens i ty of Ι Ο 9 Μ Θ p c ~ 3 is « 1 0 1 0 yea r s . W e n o t e t h a t for 

different c o m b i n a t i o n s of c lus te r m a s s a n d densi ty , t h e c lus ter l ifet ime p e a k s 

a t a different s te l lar t y p e a n d stel lar m a s s . 

W e see t h a t only in t h e cases of N G C 4258 a n d our Ga laxy , t h e l i fet ime 

of an h y p o t h e t i c a l c en t r a l c lus ter m u s t be m u c h shor t e r t h a n t h e ga l axy 

age , t h u s s t rong ly a r g u i n g for a po in t m a s s . In all o t h e r ga lax ies , t h e case of 

a mass ive B H , a l t h o u g h compel l ing , is no t yet w a t e r t i g h t . For t h e de ta i l ed 

i nves t i ga t i on , see Maoz (1997) . 
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