
Instability, Chaos and Predictability 
in Celestial Mechanics and 
Stellar Dynamics 

Copyright 61992 by Nova Science Publishers, Inc. 
All rights of reproduction in any form reserved. 

ISBN 1-56072-054-9 

THE STOCHASTICITY OF MOTIONS IN THE TRIPLETS 
OF STARS AND GALAXIES 

J.P. Anosova, L.G. Kiseleva, A.D. Chernin, A.V. Ivanov, 
and V. V. Orlov 

ABSTRACT 

The dynamical i n s t a b i l i t y of m o t i o n s i s s t u d i e d n u m e r i ­
c a l l y f o r t h e t r i p l e t s of s t a r s and g a l a x i e s . The mode l s of 
e q u a l - m a s s components which a r e i n r e s t i n i t i a l l y , a r e i n v e s ­
t i g a t e d . The d i v e r g e n c e of i n i t i a l l y nearby t r a j e c t o r i e s c l o s e 
to e x p o n e n t i a l one i s obse rved i n t h e c o n f i g u r a t i o n a l a s well 
a s t h e phase s p a c e . The c h a r a c t e r i s t i c t i m e of such d i v e r g e ­
nce i s l e s s fo r t h e c o n f i g u r a t i o n s which a r e i n i t i a l l y h i e r ­
a r c h i c a l . The p r e s e n c e of s i g n i f i c a n t d a r k m a t t e r d i s t r i b u t e d 
over t h e whole volume of system speeds up t h e r a t e of s t o c h -
a s t i s a t i o n c o n s i d e r a b l y . 

INTRODUCTION 

There i s a t endency fo r s t a r s and g a l a x i e s t o group t o 
c l u s t e r s (Gorba t sky 1986, Ba t t en 1975) of v a r i o u s m u l t i p l i ­
c i t y . S t r u c t u r a l l y , t h e most s imp le but i n t h e same t i m e non-
t r i v i a l from t h e dynamical v i e w p o i n t a r e t h e t r i p l e s t a r s and 
t h e t r i p l e t s of g a l a x i e s . The c a t a l o g u e s of smal l g r o u p s of 
g a l a x i e s and m u l t i p l e s t a r s a r e t h e main source of obse rved 
i n f o r m a t i o n . T h e s i n g l e homogeneous c a t a l o g u e c o n t a i n i n g o n l y 
t h e t r i p l e t s of g a l a x i e s i s t h e Karachentseva e t a l . c a t a l o ­
gue ( 1 9 7 9 , 1 9 8 7 ) . Because t h e r e a r e no any e f f e c t i v e a n a l y t i ­
ca l t e c h n i q u e s f o r s o l v i n g t h r e e - b o d y problem,many a u t h o r s 
use t h e numer ica l methods fo r s tudy t h e dynamics of t r i p l e t s 
( s e e , f o r i n s t a n c e , V a l t o n e n 1988, Anosova 1 9 8 6 ) . In t h e most 
c a s e s (90%), a s numer ica l e x p e r i m e n t s show, t h e t r i p l e t s of 
s t a r s a r e u n s t a b l e w i t h r e s p e c t t o d i s i n t e g r a t i o n on b i n a r y 
system and i s o l a t e d body th rowing ou t of t h e sys tem. On t h e 
o t h e r hand, i n t h e dynamics of t r i p l e t s of g a l a x i e s we have 
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t h e p r o c e s s e s of merging which p l a y s s i g n i f i c a n t roles(Mamon 
1987, A l l a d i n 1 9 8 8 ) . The r e s u l t of t h e s e d i f f e r e n t p r o c e s s e s 
i s t h e same - t h e m u l t i p l i c i t y of system c h a n g e s . The purpose 
of t h i s paper i s t o s t udy of s t o c h a s t i c p r o p e r t i e s i n t h e 
dynamics of t r i p l e t s of s t a r s and g a l a x i e s . 

MODELS AND METHODS 

In t h i s paper t h e dynamical e v o l u t i o n of t r i p l e t s of 
s t a r s and g a l a x i e s wi th components of equal masses and ze ro 
i n i t i a l v e l o c i t i e s i s i n v e s t i g a t e d . Sich i n i t i a l c o n d i t i o n s 
l e a d from cosmogonical c o n s i d e r a t i o n s t h a t t h e system forms 
from n o n r o t a t i n g q u a s i s t a t i o n a r y g a s e o u s c loud by f r a g m e n t a ­
t i o n . Moreover , t h e numer ica l s i m u l a t i o n s show t h e s i m i l a r i ­
t y of t h e dynamical e v o l u t i o n i n p l a n e and s p a t i a l c a s e s . We 
used so c a l l e d " s o f t e n e d " p o t e n t i a l fo r g a l a x y - g a l a x y i n t e r ­
a c t i o n s (Aar s e t h, 1963 ) 

„ , 2 . 2 , - 1 / 2 
* i j " ( T i j + e > 

where P-^~ i s the distance between centers of galaxies, e-

softening length which has the same order as half-mass radi­
us of galaxy (Mamon,1987). To take into account the possibi­
l i t y of merging of galaxies at their close approaches we use 
the criterion of Roos and Norman (1979). For the systems of 
galaxies we also studied the case when the t r iple t i s imbed­
ded into dark matter which is distributed spherically over 
the whole volume by the law 

R~2, e < R < R. — — h 
P(R) 4 " 

u 0 , R > R, 
where R - i s the distance from the center of dark matter whi­
ch coincides with the baricenter of t r ip le t in starting mo­
ment. Rjj- i s the limiting radius of dark matter distribution. 
The back action of galaxies to distribution of dark matter so 
as the dynamical friction considered i s negligible. For the 
ini t ia l configurations used a configurational diagram D (see 
Fig. 16 in Anosova 1986). In th is case the in i t ia l conditions 
are determined by two coordinates £ and n on area D. The 
dynamical systems of units have been used in the simulation 
where m - i s the average mass of component, d - i s the aver­
age size of system and T - i s the average crossing £ - time 
for the component of the system. 

RESULTS 

The effects of in i t ia l conditions variations. 

The instabil i ty of results with respect to small varia­
tions of in i t ia l conditions is obtained in numerical simula-
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t i o n s of the dynamics of t r i p l e systems Szebehely 1973,Agekian 
and Anosova 1977, Anosova and Zavalov 1988). In order to study 
a process of s c a t t e r i n g of the nearby t r a j e c t o r i e s , we have 
pointed out the conf igura t ions ins ide the region D by a s tep 
of time t = 1 of 2T (see Figures 1-3). The sca t t e r ing of co­
n f igu ra t ions of t r a j e c t o r i e s t akes p lace - a "cloud" of point 
images becomes wider during a time and gradual ly f i l l s the 
most par t of the regiond D: a t (? , n ) = (0.22, 0.45) during 

about 18x; in the case of (£ , n ) = (0 .22 ,0 .25) t h i s time i s 
equal to about 10 ; in the f i r s t case (£ , n0 ) = (0.386,0.050) 
the imaging p o i n t s f i l l a s t r i p 0.3 along t h e £ a x i s (during 
a time about 2 T ) . A speed of s c a t t e r i n g i s d i f f e ren t to these 
th ree po in t s : i t i s f a s t e r for the h i e ra rch ia l systems and 
c h a i n - l i k e ones than for non-hierarchia l systems with (.^Q>\) 
= (0.22, 0 .45) . In a l l t h r e e ca ses these es t imates a r e small­
er than a time of numerical i n s t a b i l i t y caused by the e r r o r s 
of numerical i n t eg ra t i on ( ^ 50x, see Skodrov et a l . 1988). 
Let us follow a topo log ica l " rebu i ld ing of a family of con f i ­
gura t ions . The twis t ing and elongating of the segment takes 
place with a following s e l f - c ro s s ing of imaging curve . 
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Figure 1 : ( C Q , n 0 ) = ( 0 . 2 2 , 0 . 4 5 ) . 
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Figure 2 (C 0 ,n 0 ) = (0.22, 0 .25 ) . 

The s imilar r e s u l t s for the ensemble of t h e model t r i p ­
l e t s of ga l ax ie s (with e= O.ld ) a re shown in F ig . 4 . The 25 
i n i t i a l conf igura t ions were taken on the segment £ e [0 .22 , 
0 .23] , n = 0.45. The evolution of t h i s ensemble a lso leads 
to reshaping and elongating of the segment. F ina l ly , the ima­
ging p o i n t s f i l l the D area a c c i d e n t a l l y with c l ea r condensa­
t ion near £ a x i s . 

Quanti t ive c h a r a c t e r i s t i c of the dynamical chaos in the 
t r i p l e t s : 

Fast increasing of the d i s t ance between two i n i t i a l l y 
c lose t r a j e c t o r i e s in the conf igura t ional space d i r e c t s to 
s t o c h a s t i c i t y of dynamics of t r i p l e systems. One can evaluate 
by using of the maximum Liapunov number (Lichtenberg, Lieber-
man 1982) the r a t e of divergence of i n i t i a l l y nearby t r a j e c ­
t o r i e s . We compute the maximum Liapunov number by lim 

a(t)=t+<>°,d(0)-K) 
l i m ( l / t )ln | d ( t ) | / | d ( 0 ) | using the method proposed C a s a r t e l l i 
et a l . ( 1 9 7 6 ) . It i s impossible in p r a c t i c e to compute t h i s 
number in the l i m i t t -*• <*>, so the e x p l i c i t behaviour of t ime-
dependent va r i ab l e a, ( t ) = lim 

d(0)-K) 
( l / t ) l n | d ( t ) | / | d ( 0 ) | was 
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Figure 3 : ao,r\Q) = (0.336, 0 .050) . 

s tudied . Figure 5 demonstrates ^ ( t ) for several examples of 
evolution with and without dark matter in the system. The 
mass of the dark matter were taken in 10 t imes l a rge r than 
the t o t a l mass of the t r i p l e t . As in the case of s t a r s the 
whole systems were imbedded in to d i s t r i b u t i o n of dark mat te r . 
The computations show tha t c^( t ) > 0 in a l l examples, so we 
have the exponential divergence in average. Such behaviour i s 
typ ica l for dynamically uns tab le motions. For the models with 
d i s t r i b u t e d dark matter the maximum Liapunov number i s l a rge r 
than in t h e case with i so la ted three-body system so the p r e ­
sence of s ign i f i can t hiding mass a c c e l e r a t e s s t ochas t i s a t ion. 

CONCLUSION 

The numerical simulation of the dynamic of t r i p l e s y s ­
tems of s t a r s and ga l ax i e s shows tha t t he t imescale of s t o c -
h a s t i s a t i o n i s considerably l e s s than i t s l i f e t i m e . 
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Figure 4 : The d i s i n t e g r a t i o n of the ensemble of the t r i p l e t s 
of ga lax ies , which l i e s i n i t i a l l y on the segment 
F c r n 99. n 5 i i n = na=; n = 0 . 4 5 . 
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Figure 5: The maximum Liapunov exponent o ^ ( t ) in the case without (a) and (b) 
s ign i f i can t dark ma t t e r . 
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