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ABSTRACT 

The s t a b i l i t y of a g a l a x y a g a i n s t d i s r u p t i o n when i t e n 
c o u n t e r s a p o i n t mass p e r t u r b e r h a s been i n v e s t i g a t e d by num
e r i c a l s i m u l a t i o n s . The merging p r o c e s s domina t e s in t h e case 
of e n c o u n t e r s of b i n a r i e s of comparab le mass and d i s r u p t i o n 
i s impor t an t i n c a s e s where t h e components have d i f f e r e n t ma
s s e s . The d i s r u p t i o n of a g a l a x y o c c u r s when i t s mean d e n s i t y 
i s l e s s t h a n a c r i t i c a l d e n s i t y - t h e Roche d e n s i t y . The c h a 
nge in t h e ene rgy f a l l s s t e e p l y near t h e Roche d e n s i t y in t h e 
c a s e of e n c o u n t e r s i n which t h e r e l a t i v e o r b i t of t h e p e r t u r 
ber i s c i r c u l a r . 

INTRODUCTION 

T i d a l i n t e r a c t i o n s between g a l a x i e s r e s u l t i n an exchange 
and r e d i s t r i b u t i o n of ene rgy mass and a n g u l a r momentum. The 
s u r v i v a l of a t e s t g a l a x y a g a i n s t d i s r u p t i o n d u r i n g t h e c o u r 
se of an e n c o u n t e r wi th a m a s s i v e p e r t u r b e r can g e n e r a l l y be 
p r e d i c t e d by e s t i m a t i n g t h e r a t i o AU/|U| where U i s t h e 
i n i t i a l i n t e r n a l ene rgy of t h e t e s t g a l a x y and AU t h e i n c r e 
a s e in i t . Numerical s i m u l a t i o n s have shown t h a t i f AU/ |U | > 2, 
t h e t e s t g a l a x y s u f f e r s s i g n i f i c a n t d i s r u p t i o n whereas t h e 
d i s r u p t i o n i s c o n s i d e r e d n e g l i g i b l e i f AU/|U | < 2 (Namboodiri 
and Kochhar, 1 9 9 0 ) . However AU/|U| g i v e s an e s t i m a t e of t h e 
changes in t h e i n t e r n a l s t r u c t u r e of a t e s t g a l a x y . 

THE MODEL 

Our model c o n s i s t s of a t e s t g a l a x y of mass M and a p o 
i n t mass p e r t u r b e r w i th mass M*. The t e s t ga l axy i s model led 
a s a s p h e r i c a l c l u s t e r c o n t a i n i n g 250 p a r t i c l e s s u b j e c t t o a 
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softened p o t e n t i a l . The t e s t galaxy has a r ad ius B % 36 where 
the u n i t s a re chosen such tha t the g r a v i t a t i o n a l constant G=l. 
One half of the mass i s contained within Rn = 6.55, 90%, with
in about 3RJJ, and 100%, within about 6Rn. A massive per turber 
i s introduced a t a d i s t ance of about 3R such tha t i t s i n i t i a l 
r e l a t i v e o r b i t i s c i r c u l a r and the o r b i t a l plane co inc ides 
with t h e X-Y p lane . 

The mean dens i ty p of M within a sphere of r ad ius R i s 

P = M 

(4/3 )IIR 

The Roche dens i ty p_ i s defined a s 

— T 3' pR = 2 p x = 2[ 

( 1 ) 

( 2 ) 

(4/3 )IIp" 

where p = 100 i s t he i n i t i a l d i s t ance of the pe r tu rbe r . We 
consider dens i ty r a t i o s p/pR = 0.25, 0.50, 1.0 and 4 .0 and 
the corresponding models a re denoted by C6, C7, C8 and C10 
r e s p e c t i v e l y . In models C8 and C10, the evolut ion of the t e s t 
galaxy has been followed for two o r b i t a l pe r iods . The parame
t e r s of the encounter and the e s sen t i a l r e s u l t s a re given in 
Table 1 . In t h i s t a b l e , ' a ' and ' b 1 denote t h e r e s u l t s a t t he 
end of the f i r s t and second encounter r e s p e c t i v e l y . The i n t e 
gra t ion of t h e o r b i t of each p a r t i c l e was performed using 
Aarse th ' s NB0DY 2 code (see Ahmed and Cohen,1973 and Aarseth, 
1987). 

Table 1: Col l i s ion parameters and r e s u l t s of encounter 

Model 

C6 
C7 
C8a 
C8b 
ClOa 
CI 0b 

P/P R 

0 . 2 5 
0 . 5 0 
1 . 0 0 
4 . 0 0 
4 . 0 0 
4 . 0 0 

M1/M 

4 1 . 7 
2 0 . 8 
1 0 . 4 
1 0 . 4 

2 . 6 
2 . 6 

AD/|U | 

1 1 . 4 7 0 
1 . 6 1 0 
0 . 5 5 3 
0 . 5 3 9 
0 . 0 3 2 
0 . 0 6 2 

/W/M 

1 . 0 0 0 
0 . 1 7 2 
0 . 0 8 4 
0 . 1 2 8 
0 . 0 1 6 
0 . 0 3 6 

NUMERICAL RESULTS 

During an e n c o u n t e r , o r b i t a l energy i s t r a n s f e r r e d t o 
t h e i n t e r n a l energy of t h e t e s t g a l a x y . Some s t a r s g a i n e n e 
rgy such t h a t t h e i r v e l o c i t y exceeds t h e e scape v e l o c i t y 
and t h u s l e a v e t h e sys tem. The f r a c t i o n a l change i n t h e i n 
t e r n a l energy AU/ JU | of t h e t e s t g a l a x y and t h e mass l o s s 
/W/M a r e g i v e n i n Tab le 1 . The t e s t g a l a x y i s c o n s i d e r e d d i s 
r u p t e d i f t h e mass l o s s exceeds 30 - 40% ( M i l l e r , 1986) and 
AU/ |U | > 2 . To t a l d i s t r u p t i o n i s obse rved in model C6 whose 
d e n s i t y r a t i o i s 1 /4 . The d i s r u p t i v e e f f e c t s d e c r e a s e d r a s -
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t i c a l l y a s we increase the dens i t y r a t i o . The d i s rup t ion 
seems to be unimportant in models C7, C8 and CIO. 

DISCUSSION 

The f r ac t iona l change in t h e t o t a l in te rna l energy 
Si/ |U | of t h e t e s t galaxy i s a good measure of the damage 
done to i t . If ALT/ |U | > 2, t h e t e s t galaxy suf fe rs cons ide r 
able d i s rup t ion whereas the d i s rup t ion i s considered n e g l i 
g i b l e if &J/|U| < 2. The f r ac t iona l change in t h e in te rna l 
energy i s p lo t t ed as a function of the dens i ty r a t i o for a l l 
models in f igure 1 . I t i s i n t e r e s t i n g t o see tha t AU/|U| 
decreases d r a s t i c a l l y near P/Pp % *• Alladin e t . a l (1985) 

Figure 1: Var ia t ion of the f rac t iona l change in energy 
AU/|U| a s a function of the dens i ty r a t i o p/p 
for a l l models. R 

made ana ly t i c es t imates using ad iaba t i c approximation and 
have inferred tha t t he re would be a sharp decrease in the 
d i s rup t ion r a t e a t p. = pR where pfa i s t he mean dens i ty of 
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t h e t e s t ga l axy w i t h i n a r a d i u s Rn, t h e h a l f - m a s s r a d i u s . 
Kiirth (1957) has shown t h a t f o r t h e s t a b i l i t y of a c l u s t e r , 
i t s mean d e n s i t y must be a t l e a s t t w i c e a s l a r g e a s t h a t of a 
sphere of r a d i u s equal t o t h e d i s t a n c e of t h e c l u s t e r and b e 
ing u n i f o r m l y f i l l e d wi th i t s t o t a l m a s s . Our r e s u l t s a g r e e 
wi th R u r t h ' s e s t i m a t e , The agreement of our r e s u l t s wi th t h a t 
of A l l a d i n e t . a l . i s s a t i s f a c t o r y i f t h e f u l l r a d i u s of t h e 
t e s t g a l a x y i s used and not t h e ha l f mass r a d i u s . 

CONCLUSIONS 

We have performed s e l f - c o n s i s t e n t numer ica l s i m u l a t i o n s 
t o i n v e s t i g a t e t h e s t a b i l i t y of a t e s t g a l a x y a s i t e n c o u n t e r s 
a mass ive p e r t u r b e r which moves in an i n i t i a l c i r c u l a r o r b i t . 
The t e s t g a l a x y s u f f e r s s e v e r e d i s r u p t i o n i f i t s mean d e n s i t y 
i s l e s s t h a n t h e Roche d e n s i t y and t h e d i s r u p t i o n i s obse rved 
t o be i n s i g n i f i c a n t i f p > p R . F u r t h e r t h e r e i s a sharp d e c r 
ea se in change in t h e energy of t h e t e s t ga l axy near p ifc p „ . 
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