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1. I n t r o d u c t i o n 

D y n a m i c a l col lapse of r o t a t i n g cloud a n d subsequen t m a s s supp ly t o t h e 
cen t r a l ob j ec t is t h e bas ic phys ica l process on t h e fo rma t ion of t h e cen t r a l 
b lack holes in t h e h igh-ζ Q S O cosmologically. Cons ider ing t h e fo rma t ion of 
supe r m a s s i v e b lack holes , t h e centr ifugal ba r r ie r p lays an i m p o r t a n t ro le . 
In th i s c o n t r i b u t i o n , I consider t h e viscous effect t o t h e se l f -gravi ta t ing 
disk which formed cosmologically. In p a r t i c u l a r , u n s t e a d y g r o w t h of t h e 
cen t r a l core is t r e a t e d cons is ten t ly wi th s u r r o u n d i n g acc re t ing disks semi-
ana ly t ica l ly . A new self-similar solut ion of a x i s y m m e t r i c viscous acc re t ion 
o n t o a n evolv ing p o i n t m a s s is o b t a i n e d . App l i ca t ion t o Q S O p rogen i to r 
b lack hole fo rma t ion is briefly discussed. 

2 . S e l f - S i m i l a r S o l u t i o n s 

In th i s work , S h u ' s (1977) i s o t h e r m a l 4 ins ide -ou t ' spher ica l self-similar so-
lu t i on is e x t e n d e d t o t h e r o t a t i n g se l f -gravi ta t ing disk w i t h viscosity. D u e 
t o t h e r o t a t i o n , i nne r a s y m p t o t i c behav io r is t h a t of ro t a t iona l ly s u p p o r t e d 
s t e a d y viscous disk i n s t e a d of t h e free fall col lapse. A series of so lu t ions 
inc ludes shock s t a n d i n g solu t ion a n d globally ro t a t iona l ly s u p p o r t e d so-
lu t i on w i t h o u t a shock . All phys ica l quan t i t i e s a re cha rac t e r i zed by t w o 
n o n - d i m e n s i o n a l p a r a m e t e r s a a n d g, where α specifies viscosi ty ( S h a k r a 
& S u n y a e v 1973) a n d q is p r o p o r t i o n a l t o t h e p r o d u c t of t h e in i t ia l ra-
t io of t h e r m a l a n d r o t a t i o n energy t o g r av i t a t i ona l energy. Mass acc re t ion 
r a t e o n t o t h e cen t r a l core is found t o b e c o n s t a n t 0.9CgG~ 1 ag~ 1 even if 
t h e n o n - s t e a d y evo lu t ion of t h e cen t ra l core is cons idered . In inne r reg ion , 
t h e r e ex is t s Kep le r i an disk so lu t ion Vr oc r 1 / 2 , Σ oc r " " 3 / 2 , M = cons t . T h i s 
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K e p l e r i a n region increases i t s o u t e r r ad ius w i th t h e g r o w t h of t h e cen t r a l 

core as rKO = 2aqcst. O u t e r disk has profiles as Vr = cons t . , Σ oc r " 1 , a n d 

M = cons t . O u t e r b o u n d a r y cond i t ions d e t e r m i n e w h e t h e r shock s t a n d s or 

n o t . In figure 1, an e x a m p l e of self-similar solut ions is shown . For a typ ica l 

d e n s i t y fluctuation, m a s s accre t ion r a t e i n t o t h e cen t ra l core is 

" = l A ( ï è ) 2 te) (è) (ïô^ë) (οίδϊ) 1 M s / y r -

3 . C o n c l u d i n g R e m a r k s 

T h e ex i s tence of t h e self-similar so lu t ion p roposes t h a t t h e r e is a poss ib i l i ty 

t h a t t h e seed b lack holes can form as a resul t of t he first col lapse of t h e 

cosmologica l p e r t u r b a t i o n s w i t h low spin (Eisens te in h Loeb 1995). D u e 

t o a viscosi ty , sma l l c en t r a l po in t m a s s can form a n d increases i t s m a s s 

l inear ly w i t h t i m e . As a resu l t , mass ive black hole a n d t h e disk a r o u n d t h e 

core form a n d g row in i t s mass a n d r a d i u s . Such a core w i th disk would 

b e g rows t o b e c o m e A G N cen t r a l engine w i th sufficient m a s s supp ly f rom 

o u t e r region by o t h e r fueling m e c h a n i s m such as g r a v i t a t i o n a l t o r q u e . 

T h e a u t h o r would l ike t o t h a n k s M . U m e m u r a , S. Minesh ige , J . F u k u e 

a n d T . N a k a m o t o for useful d iscuss ions . T h i s work is s u p p o r t e d by J S P S 

Fel lowships for Y o u n g Sc ien t i s t s . T h i s work is done a t t h e C e n t e r for C o m -

p u t a t i o n a l Phys i c s , Univers i ty of T s u k u b a . 
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