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A b s t r a c t . W e show t h a t a recen t ly discovered sp i ra l - induced r ad i a l 

m a s s acc re t i on process could accoun t for t h e fo rma t ion of t h e Ga lac t i c 

Bulge in a H u b b l e t i m e . T h i s p rocess is t h u s expec t ed t o b e i m p o r t a n t in 

t h e f o r m a t i o n of bu lges in spi ra l ga laxies , a n d in t h e secular evo lu t ion of 

ga laxies a long t h e H u b b l e sequence from l a t e t o earl ier t y p e s . 

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

T h e p a s t p r o p o s e d bu lge bu lge fo rmat ion m e c h a n i s m s inc lude t h e p r imor -

dial m e c h a n i s m s a n d t h e evo lu t iona ry m e c h a n i s m s . W h i l e t h e p r i m o r d i a l 

bu lge f o r m a t i o n m e c h a n i s m s would have a h a r d t i m e exp la in ing t h e ob-

served age a n d a b u n d a n c e g r a d i e n t of bu lge s t a r s , t h e p a s t p roposed evo-

l u t i o n a r y m e c h a n i s m s , which focus ma in ly on t h e rad ia l gas accre t ion a n d 

on t h e ver t i ca l p u m p i n g of s t a r s t h r o u g h b a r r e sonances , could no t exp la in 

why m a n y l a t e t y p e galaxies show no evidence for a bu lge , even t h o u g h 

they were found t o con ta in b a r s . F u r t h e r m o r e , t h e ba r -d r iven ver t ica l reso-

n a n t p u m p i n g m e c h a n i s m a lone , w i t h o u t a co r r e spond ing r ad ia l acc re t ion 

flux f rom t h e o u t e r disk t o t h e inner disk, could no t expla in t h e obse rved 

corre la t ion b e t w e e n a b u n d a n c e a n d k inema t i c s for t h e bu lge s t a r s ; t h e ra-

dial acc re t ion of t h e in t e r s t e l l a r m e d i u m alone also is no t capab le t o g a t h e r 

enough m a t t e r t o accoun t for t h e fo rmat ion of t hose mass ive bulges in ear ly 

t ype ga lax ies . 

2. S e c u l a r H e a t i n g o f t h e D i s k S t a r s a n d S e c u l a r R a d i a l M a s s 
A c c r e t i o n I n d u c e d b y a Q u a s i - S t a t i o n a r y S p i r a l S t r u c t u r e 

It has recen t ly been found t h a t spira l galaxies u n d e r g o significant redis-

t r ibu t ion of disk surface dens i ty d u r i n g the i r l i fet ime, t h r o u g h a collect ive 
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d i s s ipa t ion process i nduced by t h e ga lac t ic spiral s t r u c t u r e . T h e de ta i l ed 

desc r ip t ion of t h i s p rocess can b e found in Z h a n g (1996) a n d Z h a n g (1998a) . 

In t h e a b o v e p a p e r s , is was shown t h a t t h r o u g h t h e spira l i nduced col-

lec t ive d i s s ipa t ion process an average s t a r inside coro ta t ion r ad ius t e n d s t o 

drift t o w a r d s t h e cen t r a l region of a galaxy. D u r i n g i t s rad ia l m i g r a t i o n , t h e 

r a n d o m veloci ty of t h e s t a r also increases t h r o u g h t h e very s a m e collective 

d i s s ipa t ion p rocess , d u e t o t h e difference in t h e p a t t e r n speed Ω ρ of t h e 

wave a n d t h e c i rcu lar speed Ω of t h e s t a r s . Because th i s h e a t i n g is due t o 

a local g r a v i t a t i o n a l ins tab i l i ty , i t is t h ree -d imens iona l in n a t u r e a n d all 

t h r e e spa t i a l c o m p o n e n t s of a s t a r ' s r a n d o m veloci ty increase as a resu l t 

of sp i ra l - induced h e a t i n g . T h e rad ia l profile of s te l lar veloci ty d i spers ion 

p r o d u c e d by t h i s h e a t i n g process ha s increas ing veloci ty d ispers ion w i t h 

dec reas ing ga lac t ic r a d i u s . Consequen t ly , when t h e ver t ica l c o m p o n e n t of 

a s t a r ' s ve loci ty d i spers ion becomes c o m p a r a b l e t o i t s c i rcular velocity, t h e 

s t a r will r ise o u t of t h e ga lac t ic p l ane a n d b e c o m e a bu lge s t a r . 

3 . F o r m a t i o n o f t h e B u l g e o f O u r G a l a x y 

As a n e x a m p l e , we n o w e s t i m a t e t h e r a t e of m a s s accre t ion for t h e f o r m a t i o n 

of t h e Bu lge of o u r Ga laxy . A s s u m i n g t h a t t h e spiral p a t t e r n d u r i n g t h e p a s t 

1 0 1 0 y ea r s h a s an average p i t c h angle of 20° , a n d 20% frac t ional a m p l i t u d e 

a r o u n d t h e solar n e i g h b o r h o o d , t h e r ad ia l o rb i t a l decay r a t e of an ave rage 

s t a r d u e t o t h e p resence of t h e spi ra l can b e found t o b e a b o u t 2kpc in 

1 0 1 0 y ea r s ( Z h a n g 1998b) . F u r t h e r m o r e , we use an average local surface 

dens i t y of Σ « Ö O M Q ^ C " 2 , t h e r a t e of rad ia l inflow of m a s s is therefore 

dM/dt = 2πτά^/άίΣ « O^M^/yr . T h i s m e a n s t h a t in a H u b b l e t i m e t h e 

a m o u n t of m a s s acc re t ed t o w a r d s t h e cen te r of t h e G a l a x y is of t h e s a m e 

o r d e r as t h e m a s s of t h e Ga lac t i c Bulge , 1 0 1 0 Μ Θ . 

4 . I m p l i c a t i o n s 

T h e sp i ra l - induced secular evo lu t ion process leads t o t h e g r a d u a l cen t ra 

c o n c e n t r a t i o n of m a t t e r in a galaxy, t oge the r wi th t h e bu i ld -up of an ex-

t e n d e d o u t e r enve lope . It therefore leads t o t h e evolu t ion of t h e H u b b l e 

t y p e of a ga l axy f rom l a t e t o early. T h e m a s s accre t ion in t h e o u t e r disk 

is a lso t h e p r e p a r a t o r y s t age for t h e t r igger ing of nuc lea r ac t iv i ty in ga lax-

ies , t h r o u g h t h e fo rma t ion of nuc lea r s t r u c t u r e s assoc ia ted w i th t h e i n n e r 

L i n d b l a d r e sonances ( Z h a n g et al . 1993). 
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