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1 . I n t r o d u c t i o n , N - b o d y m e t h o d a n d r e s u l t s 

Af te r t h e c lass ica l d e s c r i p t i o n of bu lges by a de V a u c o u l e u r s profile w a s 
f o u n d t o b e i n a d e q u a t e , a gene ra l i zed profi le , Sers ic ' s l a w , w a s u s e d suc -
cessful ly t o d e s c r i b e t h e sur face b r i g h t n e s s : 

Σ Π ( Γ ) OC e x p ( - r / r 0 ) 1 / n 

( A n d r e d a k i s e t a l . 1994 ( A P B 9 5 ) ) . T h e e x p o n e n t η w a s f o u n d t o v a r y sys-
t e m a t i c a l l y w i t h t h e m o r p h o l o g i c a l t y p e of t h e ga l axy , f rom η = 4 for 
t h e b u l g e s of SOs t o η = 2 for i n t e r m e d i a t e t y p e sp i ra l s a n d η = 1 ( p u r e 
e x p o n e n t i a l ) for t h e l a t e t y p e s . ( A P B 9 5 , de J o n g 1996) . T h i s h a s b e e n con-
f i rmed a l so b y t h e k i n e m a t i c s ( H e r a u d e a u e t al 1996) . T h i s v a r i a t i o n of 
η h a s b e e n i n t e r p r e t e d in t w o w a y s : ( i ) A s t h e effect of t h e d isk f o r m i n g 
a r o u n d a n a l r e a d y d e v e l o p e d b u l g e ( A P B 9 5 ) a n d ( i i ) as e v i d e n c e t h a t t h e 
b u l g e o r i g i n a t e d f rom secu la r p rocesses in t h e g a l a x y , after t h e d isk w a s 
f o r m e d ( C o u r t e a u e t a l . 1996) . T h i s n e e d s t o b e r e so lved . 

W e use N - b o d y s i m u l a t i o n s t o s t u d y t h e effects of disk f o r m a t i o n on t h e 
b u l g e . T h e in i t i a l b u l g e is a s p h e r i c a l , i so t rop i c Ä 1 / 4 l aw s y s t e m , c o n s i s t i n g 
of 32 ,000 p a r t i c l e s . Af te r e x t e n s i v e t e s t s t o e n s u r e t h e s t a b i l i t y of t h e sys-
t e m , t h e p o t e n t i a l of a n e x p o n e n t i a l d isk is s lowly g r o w n ins ide a n d a r o u n d 
t h e b u l g e . A r a n g e of va lues is u s e d for t h e disk m a s s a n d s c a l e l e n g t h : T h e 
B / D r a t i o r a n g e s f rom 0.05 t o 2 , a n d (hd/Reff) f rom 1.5 t o 10. Af ter t h e 
d i sk g r o w t h is c o m p l e t e , Sers ic ' s l a w is f i t t ed t o t h e profi le . 

T h e 77 of t h e b u l g e profile does i n d e e d dec rea se f rom 4 , in i t i a l ly , t o 
s m a l l e r va lue s ; M o r e m a s s i v e a n d m o r e c o m p a c t d i sks p r o d u c e a s m a l l e r n. 
B u t t h e final η of t h e b u l g e n e v e r n e a c h e s 1 - t h e sur face b r i g h t n e s s profile 
n e v e r b e c o m e s e x p o n e n t i a l l y s t e e p . T h i s is s h o w n in F i g . l a . For t h e b u l g e s 
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Figure 1. T h e o b s e r v e d c o r r e l a t i o n s ( d a t a p o i n t s ) a n d t h e o n e s r e s u l t i n g from t h e 
s i m u l a t i o n s ( s h a d e d a r e a s ) . 

w i t h η > 2 t h e two cor re la t ions , observed a n d p red ic t ed , genera l ly agree . 

T h e p r e d i c t e d η — Β jD r e la t ion levels off a t η = 2, however; bulge profiles 

b e c o m e m o r e r e s i s t an t t o change , as t h e y become s teeper! 

A n o t h e r a spec t of t he se s imula t ions is t h e p red ic ted change t h e effective 

r a d i u s of t h e bu lge . T h i s c rea tes a corre la t ion be tween disk sca le length a n d 

bu lge i2eff. T h i s k ind of cor re la t ion ha s b e e n observed in ga laxies , ( C o u r t e a u 

et al 1996) a n d h a s been i n t e r p r e t e d as evidence for secular evolu t ion origin 

of bu lges . Very roughly , b ig disk c r e a t e s b ig bu lge , smal l disk c r e a t e s smal l 

bu lge . Here it is shown t h a t w h a t h a p p e n s is t h a t an a l ready ex is t ing bu lge 

is cut short by a c o m p a c t disk. T h i s resul t is shown in F ig . l b . 

2 . C o n c l u s i o n s 

T h e g r o w t h of t h e disk changes t h e s h a p e of t h e surface b r igh tness profile of 

a p re -ex i s t ing bu lge . T h e index η of t h e best-fi t Sersic law decreases from t h e 

in i t i a l va lue of 4 d o w n t o a l imi t of 2. A large p a r t of t h e re levant obse rved 

cor re la t ion is exp la ined . E x p o n e n t i a l bu lges , however , r ema in u n e x p l a i n e d 

by th i s m e c h a n i s m , l eav ing o p e n t h e bar -or ig in . 

T h e cor re la t ion of bu lge Rejf w i th disk sca le length can b e a lmos t en-

t i re ly exp la ined by t h e disk g r o w t h a r o u n d an a l ready exis t ing bu lge . No 

secu la r -evo lu t ion fo rma t ion scenar ios need be invoked, excep t p e r h a p s for 

t h e smal les t bu lges . 
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