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

O n e of t h e m a i n a ims w i th respec t t o t h e evolu t ion of spiral ga laxies is t o 

clarify how t h e disk a n d bulge were formed. T h e s t u d y of bulges ha s usua l ly 

b e e n focused on how bulges resemble t o el l iptical ga laxies . For t h e s t u d y 

of t h e evo lu t ion of el l ipt ical ga laxies , t h e co lo r -magn i tude re la t ion ( C - M 

re l a t i on ) gives us a clue t o u n d e r s t a n d i n g t h e fo rmat ion a n d evo lu t ion of 

e l l ip t ica ls . In fac t , t h e t i gh t C-M re la t ion of el l ipticals (Bower et ai 1992) 

w a s i n t e r p r e t e d as t h e sequence of t h e meta l l i c i ty difference ( K o d a m a a n d 

A r i m o t o 1997). O n t h e con t r a ry , t h e r e a re few obse rva t ions for t h e C-M 

re la t ion of bu lges . O n t h e ana logy of el l ipt ical ga laxies , t h e C-M re la t ion of 

bu lges , if i t ex i s t s , m a y be one of t h e mos t i m p o r t a n t clues t o u n d e r s t a n d i n g 

t h e fo rma t ion process of bu lges . T h e m a i n goal of t h e p re sen t s t u d y is t o 

i nves t iga t e t h e C-M re la t ion of bulges . 

2 . O b s e r v a t i o n s 

O b s e r v a t i o n s were per fo rmed in J o h n s o n 5 , V , a n d K r o n - C o u s i n s Rc, Ic 

b a n d s w i t h a C C D c a m e r a a t t a c h e d t o t h e p r i m e focus of t h e 105 c m 

S c h m i d t t e lescope a t t h e Kiso O b s e r v a t o r y of t h e Univers i ty of Tokyo . T h e 

field of view of t h e c a m e r a is 12.5 ' X 12.8 ' w i th a reso lu t ion of 0 .75" X 0 . 75" 

pe r p ixel . 
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3. Results 

W e m e a s u r e t h e colors of t h e bulges in t h e fan-shaped a p e r t u r e o p e n e d 

a long t h e m i n o r axis since t h e c o n t r i b u t i o n of disk l ight becomes lower a n d 

t h e d u s t ex t i nc t i on b e c o m e s less effective a t t h e large d i s t ance from t h e 

ga lac t ic p l ane a long t h e mino r axis . T h e m e a s u r e d bulge colors a re no t 

in t r ins i c b e c a u s e t h e r e is t h e con t r i bu t i on of t h e disk color t o t h e bu lge 

color. W e d e c o m p o s e each ga laxy i n t o a disk a n d a bulge a n d correc t t h e 

obse rved bu lge color us ing decompos i t ion p a r a m e t e r s . T h e de ta i l p r o c e d u r e 

of t h e cor rec t ion is m e n t i o n e d by I t oh (1997) . 

W e c o m p a r e t h e bu lge colors w i th t h e bulge m a g n i t u d e . F igure 1 shows 

t h e p lo t of t h e bu lge colors as a funct ion of bulge m a g n i t u d e . T h e b r igh t 

bu lges t e n d t o b e r e d d e r t h a n t h e faint bu lges . Th i s t e n d e n c y is s imilar 

t o t h e c o l o r - m a g n i t u d e re la t ion of el l ipt icals . T h e regression, t h e s c a t t e r 

( σ ) a n d t h e cor re la t ion coefficient ( r ) for each color are o b t a i n e d wi th t h e 

l e a s t - squa re f i t t ing. T h e resu l t s are 

(B-I)0 = - 0 . 0 5 1 ( ± 0 . 0 4 7 ) . ( M / ^ e + 20) + 2 .161 (±0 .048 ) , (1) 

I t is i n t e r e s t i ng t o c o m p a r e t h e C M re la t ion of t h e bulge wi th t h a t of ellip-

t i ca l s . W e can see in figure 1 t h a t t h e s lope of t h e bulge C M re la t ion is con-

s i s t en t w i th t h a t of el l ipt ical w i th in er rors a n d t h a t bulges t e n d t o be r e d d e r 

t h a n el l ipt icals w i t h t h e s a m e luminos i ty . T h e color offsets of t h e bulge from 

t h e e l l ip t ical a t M / = —20 m a g a re A(B — I)bulge-elli. = 0 . 0 9 ± 0 . 0 8 m a g . 

Bower , R . G . , Lucey, J .R . , a n d Ell is , R. , (1992) , MNRAS, 254, 589. 

I t o h , N . , (1997) , P h . D . thes i s , Univers i ty of Tokyo . 

K o d a m a , T . a n d A r i m o t o , N . , (1997) A & A, 320, 4 1 . 

σ = 0 .075, r = - 0 . 7 2 6 . (2) 

In s u m m a r y , bulges have t h e co lo r -magn i tude re la t ion . 
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Figure 1 
The color-magnitude relatione of bulges and ellipticals. 
Filled circles indicate bulges and open circles ellipticals. 
The solid and dotted lines show regressions for bulge and 
ellipticals respectively. 
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