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A l t h o u g h t h e no t ion t h a t t h e Milky W a y ga laxy con ta ins a s u p e r m a s s i v e 

c e n t r a l b lack hole h a s b e e n a r o u n d for m o r e t h a n two decades , i t h a s b e e n 

difficult t o p rove t h a t one ex is t s . T h e chal lenge is t o assess t h e d i s t r i b u t i o n 

of m a t t e r in t h e few cen t ra l parsecs of t h e Ga laxy . A s s u m i n g t h a t g r a v i t y 

is t h e d o m i n a n t force, t h e m o t i o n of t h e s t a r s a n d gas in t h e v ic in i ty of t h e 

p u t a t i v e black hole offers a r o b u s t m e t h o d for accompl i sh ing th i s t a s k , b y 

revea l ing t h e m a s s in te r io r t o t h e r ad iu s of t h e ob jec t s s t ud i ed . T h u s ob jec t s 

l o c a t e d closest t o t h e Ga lac t i c C e n t e r provide t h e s t ronges t c o n s t r a i n t s on 

t h e b lack hole h y p o t h e s i s . 

Since it is t h e angu l a r resolu t ion t h a t d i c t a t e s t h e m i n i m u m r a d i u s 

a t wh ich s t a r s can be obse rved , it is crucial t o a t t a i n t h e finest r eso lu t ion 

poss ib le . T u r b u l e n c e in t h e e a r t h ' s a t m o s p h e r e d i s to r t s a s t ronomica l images 

a n d typ ica l ly l imi t s t h e a n g u l a r resolu t ion of long -exposures t o ~ 1 a rcsec , 

an o rde r of m a g n i t u d e worse t h a n t h e theore t i ca l l imit for la rge g r o u n d -

b a s e d te lescopes (θ ~ λ/D). W i t h a d i s t ance of 8 k p c t o t h e Ga lac t i c cen t e r 

(Re id 1993) , t hese t y p e s of obse rva t ions have been l imi ted t o e s t i m a t i n g a 

c e n t r a l m a s s cons t r a ined only t o a v o l u m e of r ad ius g r ea t e r t h a n or equal 

t o ~ 0.1 p c (e .g. , Lacy et al . 1980, M c G i n n et al . 1989, Haller et a l . 1996; 

Genze l et a l . 1996) . In c o n t r a s t t o long exposures , shor t exposu res , a l t h o u g h 

d i s t o r t e d , p rese rve h igh spa t i a l resolu t ion in fo rmat ion which can b e used t o 

recover diffraction l imi t ed images v ia a n u m b e r of different t e chn iques such 

as t h e re la t ive ly s imple a n d s t r a igh t forward m e t h o d of " S h i f t - a n d - A d d " 

( C h r i s t o u 1991) . E c k a r t k Genzel (1996, 1997) appl ied th i s m e t h o d t o d a t a 

from t h e E S O 3-m N T T a n d achieved a resolu t ion of 0."15 in t h e first 

p r o p e r m o t i o n s t u d y of t h e cen t ra l s te l lar c lus ter . T h i s t e c h n i q u e app l i ed 

t o d a t a o b t a i n e d from t h e W . M . Keck 10-meter te lescope , t h e la rges t 

o p t i c a l / i n f r a r e d te lescope in t h e wor ld , p rov ides a un ique o p p o r t u n i t y t o 

s t u d y t h e Ga lac t i c cen te r a t an u n p r e c e d e n t e d reso lu t ion of 0."05 (Kle in et 
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ARA from Sgr A* (arcsec) Projected Radius (pc) 

Figure 1. Left: T h e p o s i t i o n s of t h e 80 s tars t h a t were u n a m b i g u o u s l y d e t e c t e d in all 
t h r e e y e a r s are d i s p l a y e d w i t h p o i n t s i z e s s c a l e d t o t h e s tars ' ve loc i t i e s . A c lear i n c r e a s e 
in t h e v e l o c i t i e s i s v i s ib l e at t h e field c e n t e r , w h e r e s tars reach v e l o c i t i e s of 1,700 k m / s e c ! 
Right: T h e p r o j e c t e d s te l lar v e l o c i t y d i s p e r s i o n as a f u n c t i o n of p r o j e c t e d d i s t a n c e f rom 
Sgr A * is c o n s i s t e n t w i t h K e p l e r i a n m o t i o n a n d i m p l i e s an e n c l o s e d m a s s of 2.7 x l O 6 M 0 . 

al . 1996) . 

B a s e d on diffract ion-l imited images o b t a i n e d from 1995 to 1997, we 

der ive t h e in i t ia l r e su l t s for ou r p r o p e r m o t i o n s t u d y of t h e G a l a x y ' s c en t r a l 

s te l la r c lus te r . W i t h i n our 5 " x 5 " field of view, t h e m o t i o n of 80 s t a r s a r e 

t r a c k e d over t w o yea r s (see F i g u r e ) . W i t h t w o d imens iona l velocit ies as 

h igh as 1,700 k m / s e c , t hese s t a r s imply a cen t ra l mass of 2.7 ± 0 . 2 χ 1 0 6 Μ Θ 

i n t e r io r t o a r a d i u s of ~ 0.01 p c , or densi t ies in excess of 1 0 1 2 M ^ / p c 3 . T h i s 

exceeds v o l u m e averaged m a s s densi t ies inferred for any o t h e r ga laxy a n d 

l eads us t o conc lude t h a t ou r G a l a x y h a r b o r s a mass ive cen t ra l b lack hole . 
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