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A b s t r a c t . W e a r g u e t h a t t h e veloci ty d ispers ion of t h e s t a r s is l ikely a 

m o n o t o n i c a l l y decreas ing funct ion of r ad iu s a long t h e m i n o r axis in t h e 

c e n t r a l reg ions of cuspy ga laxies . W e show t h a t t h e n a cen t r a l m a s s con-

c e n t r a t i o n ( a black hole) m u s t be p re sen t a n d ca lcu la te i ts m i n i m u m m a s s , 

M # . T h i s lower b o u n d is re levant a n d ent i re ly cons i s ten t w i th cu r r en t m a s s 

e s t i m a t e s . 

C u s p s o c c u r f requent ly in t h e dens i ty d i s t r i bu t ion of t h e cen t ra l regions 

of ga laxies a n d bu lges . If very mass ive , c o m p a c t ob jec t s exis t , t h e y a re 

m o s t l ikely t o b e found in t h e cen te rs of ga laxies . It is a logical t h o u g h t t o 

a s soc ia t e b o t h p h e n o m e n a , which is of course a well e s t ab l i shed idea . 

I t is poss ib le however t o cons t ruc t d y n a m i c a l mode l s for t h e obse rved 

k i n e m a t i c s a n d p h o t o m e t r y of cuspy galaxies w i t h o u t t h e necess i ty of in-

t r o d u c i n g a b lack hole ( B H ) , as ha s been a m p l y d e m o n s t r a t e d for M87 a n d 

M 3 2 . I t would t h e n seem t h a t s te l lar d y n a m i c a l mode l s h a r d l y cons t r a in 

t h e p resence of a B H . W e i m p o s e a res t r i c t ing p o s t u l a t e on t h e s te l lar dy-

n a m i c a l m o d e l s : we a s s u m e t h a t t h e velocity d ispers ion of t h e s t a r s is a 

m o n o t o n i c a l l y decreas ing funct ion of ga l ac tocen t r i c r ad ius a long t h e m i n o r 

axis ins ide t h e c u s p . T h i s a s s u m p t i o n is s u p p o r t e d b o t h by obse rva t iona l 

ev idence ( t h e veloci ty d ispers ion in n o r m a l galaxies general ly keeps r is ing 

i n w a r d s a t t h e las t m e a s u r e d p o i n t ) a n d theore t i ca l a r g u m e n t s ( t h e vir ial 

t h e o r e m s p o n t a n e o u s l y p r o d u c e s ho t cores) . 

W e a p p r o x i m a t e t h e cen t ra l p a r t s of el l ipt ical galaxies as i so t ropic a n d 

spher ica l ly s y m m e t r i c ( t h e a r g u m e n t also appl ies t o t h e mino r axis of ax-

i s y m m e t r i c s y s t e m s ) . In t h e absence of a B H , t h e p o t e n t i a l is finite every-

w h e r e a n d t h e accessible region of p h a s e space is l imi ted . T h e d i s t r i b u t i o n 

func t ion ( D F ) diverges in t h e cen te r , caus ing t h e veloci ty d i spers ion t o 
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b e c o m e ze ro for r —• 0. C u s p y galaxies w i t h o u t a B H clearly v io la te o u r 

a s s u m p t i o n . C u s p y s y s t e m s w i t h a B H have a d iverging p o t e n t i a l so t h e 

access ible region of p h a s e space is un l imi t ed . T h e D F is finite e v e r y w h e r e . 

In t h e cen te r t h e veloci t ies can b e very different a n d l a rge , caus ing t h e ve-

loc i ty d i spers ion t o rise i n w a r d s . So only cuspy sys tems w i th a B H satisfy 

o u r a s s u m p t i o n . 

For t h e cuspy spa t i a l dens i ty p(r) = porp~2, we der ive t h e veloci ty 

d i spers ion cr2(r) = a/r + br2~p + c r p , w i th t h e coefficients d e p e n d i n g on 

M*, p , po a n d a r a d i u s R ins ide t h e cusp for which we know a2(R). T o w a r d s 

t h e cen t e r , t h e c o n t r i b u t i o n of t h e BH d o m i n a t e s , a2(r) ~ 1/r , b u t w h e n 

t h e B H m a s s is t o o smal l , f a r the r ou t in t h e cusp t h e veloci ty d ispers ion 

can obvious ly s t a r t r is ing w i th r a d i u s , which we reject . 

T h e m i n i m u m B H m a s s t h a t causes t h e veloci ty d ispers ion t o decrease 

m o n o t o n i c a l l y w i t h r is ing r can b e o b t a i n e d by requ i r ing t h a t b o t h t h e 

first a n d second der iva t ive of σ 2 b e c o m e zero a t t h e s ame r ad ius r . T h i s 

t r a n s l a t e s i n t o two e q u a t i o n s t h a t can easily be solved i t e ra t ive ly for t h e 

r a d i u s r a n d t h e m i n i m u m M # . 

In t h e following t a b l e we p resen t some resu l t s . W h e n d a t a a long t h e 

m a j o r axis a r e u sed , t h e ga laxy is labeled w i th an as te r i sk . T h e p r e s e n t e d 

va lues a re i n d i c a t i v e , d u e t o t h e he te rogene i ty of t h e d a t a a n d t h e uncer-

t a i n t i e s on i t . Slopes a n d k inema t i c s a re t a k e n from different a u t h o r s , t h e 

m e t h o d requ i res deconvolved a n d dep ro jec t ed d ispers ions b u t usua l ly on ly 

p r o j e c t e d values a re avai lable . W h e n t h e p ro j ec t ed slope was g iven , we sub -

t r a c t e d 1 f rom it t o o b t a i n t h e dep ro jec t ed va lue . T h e resu l t ing va lue of M # 

d e p e n d s sensi t ively on cr2(R) a n d t h e cusp index p. T h e B H masses found 

in t h e l i t e r a t u r e a re given in p a r e n t h e s e s . 

G a l a x y Μ. ( 1 0 6 Μ Θ ) 

N G C 3377* 2 (80) 

M 32 1 (.7-3) 

M 3 1 * 3 (30) 

N G C 3115* 550 (1000) 

N G C 3379 140 (50) 

N G C 4486B* 280 (500-900) 

M 87* 2000 (1000-5000) 
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