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M a n y la rge el l ipt icals were bel ieved t o have la rge , flat core , of wh ich t h e 

r a d i u s is typ ica l ly a few p e r c e n t s of t h e effective r ad ius (e .g . , L a u e r , 1985) . 

However , H S T obse rva t ions (e.g., Laue r et al., 1995) have revealed t h a t t h e y 

a r e n o t flat cores a t all . T h e "cores" observed by H S T a re ac tua l ly ve ry 

sha l low c e n t r a l dens i ty cusps (ρ ~ r - o . 5 ~ - i ^ Such a shal low cusp poses 

a ser ious p r o b l e m t o a lmos t any scenar io of t h e fo rma t ion of e l l ipt icals . 

If t h e s e el l ipt icals do no t h a v e cen t ra l b lack holes ( M B H s ) , we a r e faced 

w i t h ve ry s t r a n g e s t r u c t u r e w i t h t h e velocity d ispers ion decreas ing i n w a r d . 

N e i t h e r d i s s ipa t ion le s s /d i s s ipa t iona l collapse nor merg ing h a v e been ab le 

t o m a k e such a dens i ty d i s t r i bu t ion . 

Eb i suzak i et a l . (1991) p roposed t h e merg ing of galaxies w i t h cen t r a l 

M B H s as t h e m e c h a n i s m t o form "flat cores" . In t h e p resen t p a p e r , we give 

t h e resu l t of self-consistent d i rect iV-body s imula t ions of m e r g i n g of two 

ga laxies w i t h cen t r a l M B H s , w i t h t h e n u m b e r of par t ic les m u c h la rger t h a n 

prev ious ly u sed . Deta i l s of t h e resul t a re p r e se n t e d in M a k i n o & Eb i suzak i 

(1996) a n d M a k i n o (1997) . 

F i g u r e 1 shows t h e resul t of "h ie ra rch ica l " me rg ing s imula t ions w i t h a n d 

w i t h o u t c e n t r a l B H ( M a k i n o & Ebisuzak i , 1996) . Here , we pe r fo rmed t h e 

s i m u l a t i o n in essent ia l ly t h e s a m e way as (Fa rouk i et al., 1983) , w h o used 

t h e m e r g e r p r o d u c t of one s imula t ion as t h e ini t ia l ga laxies for t h e n e x t 

s i m u l a t i o n . In o rde r t o p r e v e n t t h e increase of t h e n u m b e r of pa r t i c l e s , 

we se lec ted half of t h e par t ic les in t h e merge r r e m n a n t . In a d d i t i o n , we 

r ep l aced t h e B H b i n a r y in t h e merge r by a single B H par t i c l e . T o t a l n u m b e r 

of pa r t i c l e s was ini t ia l ly 31746, a n d m a s s of t h e B H was 1/32 of t h e m a s s of 

t h e ga laxy . W e pe r fo rmed di rec t s imula t ion on G R A P E - 4 ( M a k i n o et al., 

1997) . In figure 1, we show t h e dens i ty profiles scaled in such a way t h a t all 

m e r g e r r e m n a n t s h a v e rough ly t h e s a m e m e a n dens i ty a n d hal f -mass r a d i u s . 

In t h e case of t h e successive merg ing w i t h o u t cen t ra l B H , it is clear t h a t 
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Figure 1. The density profiles the merger remnant. Left: mergings with BH; Right: 
density profiles for mergings without BH. 

t h e core r a d i u s re la t ive t o t h e hal f -mass r ad iu s becomes smal ler after each 

m e r g i n g . T h i s is b e c a u s e t h e rea l core r ad iu s r ema ins a lmos t u n c h a n g e d , 

whi le ha l f -mass r a d i u s increases (Fa rouk i et al. 1983, O k u m u r a et al. 1991) . 

In t h e case of t h e merg ings w i th BH, however , we can see t h a t t h e r e is 

n o real ly flat core , b u t a region of very shal low cusp is fo rmed. Moreover , 

t h e r e l a t ive size of th i s cusp is a lmos t c o n s t a n t , which m e a n s t h e real size of 

t h i s reg ion inc reases . In BH r u n s , b o t h t h e size of t h e cusp region a n d t h e 

ha l f -mass r a d i u s inc reases , whi le in No-BH r u n s , only t h e ha l f -mass r a d i u s 

inc reases a n d core r a d i u s r ema ins roughly c o n s t a n t . 

T h i s resu l t exp la ins qu i t e nicely t h e obse rved cen t ra l s t r u c t u r e s of l a rge 

e l l ip t ica ls . F r o m g r o u n d obse rva t i ons , it h a s been know t h a t t h e core r a d i u s 

shows s t r o n g cor re la t ion w i t h t h e effective r a d i u s , a n d H S T obse rva t ions 

revea led t h a t t h e cores a re ac tua l ly very shal low cusps . T h u s , ou r m o d e l of 

m e r g i n g of galaxies w i t h mass ive cen t r a l BH successfully r e p r o d u c e d b o t h 

of t h e s e t w o essen t ia l f ea tu res of t h e cen t ra l region of la rge el l ipt icals . 
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