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ABSTRACT. The purpose of this work is a verification of the 

virial mass estimations for small galaxy groups. The dynamical 

evolution of triple and quintuple galaxies has been studied by 

the numerical simulations. The dependence of the virial 

coefficient k(t) versus time was derived. Initially k(O) = 0. 

The function k(t) has some strong oscillations from 0.02 to 

0.99. Generally, these oscillations are quasiperiodical ones. 

Such a behavior of k(t) is caused by formation in a system of 

close isolated temporary double subsystems . A strong correlation 

between the virial coefficient and the least mutual distance in 

the system is observed. 

Such wide oscillations may add into the estimation of virial 

mass of the galaxy groups an uncertainty of more than one 

order. An additional uncertainty is introduced by the projection 

effect. This uncertainty for the individual estimations of the 

masses approach three orders. Thus any individual estimation of 

the virial mass is impossible for small galaxy groups. 

Some possibility of statistical estimation (median or 

average) of th total mass, including a hidden mass, is shown for 

the homogeneous samples. We propose a method €or these 
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estimations based  on’ a comparison of t h e  medians of  dynamical  

p a r a m e t e r s  (a mean s i z e  i n  p r o j e c t i o n  and a d i s p e r s i o n  of  

r e l a t i v e  r ad ia l  v e l o c i t i e s )  f o r  t h e  s imulated and obse rved  

ensembles  of t h e  g a l a x y  groups .  T h i s  method h a s  been a p p l i e d  t o  

a sample of 46 probab ly  p h y s i c a l  t r i p l e t s  of g a l a x i e s .  The 

p r o b a b l e  median of t h e  h idden  mass i n  a volume of t h e  t r i p l e t  is 

a b o u t  4 M ,  where M is t h e  t o t a l  mass of v i s i b l e  matter. 

On t h e  s t u d y  of g a l a x y  g r o u p s ,  t h e  problem of d e t e r m i n a t i o n  

of t h e  mass of a sys tem on t h e  b a s i s  of t h e  d a t a  obse rved  ( t h e  

s i z e s  and c o n f i g u r a t i o n s  of t h e  sys tems on t h e  sky  and r a d i a l  

v e l o c i t i e s  of t h e  components) ar ises .  U s u a l l y ,  one u s e s  t h e  

v i r i a l  theorem i n  any form (Heisler e t  a l .  1985) i n  o r d e r  t o  

estimate t h e  dynamical  mass of a g a l a x y  system. The aim of t h i s  

work is some v e r i f i c a t i o n  of t he  v i r i a l  estimates of masses f o r  

t h e  small  g a l a x y  groups .  A method of  computer s i m u l a t i o n s  has  

been used ( e .g . ,  Anosova e t  a l .  1989) .  

One  of t h e  most i m p o r t a n t  parameters of t h e  dynamical  s ta te  

of t h e  N-body sys tem is t h e  r a t i o  of i ts k i n e t i c  ene rgy  T t o  t h e  

p o t e n t i a l  e n e r g y  U: a v i r i a l  c o e f f i c i e n t  k = T/IUI. 

averaged  v a l u e  f o r  k is e q u a l  t o  0.5 f o r  an  i s o l a t e d  s t a t i o n a r y  

s y s t e m  of g r a v i t a t i n g  b o d i e s ,  h e r e  one b e a r s  i n  mind a ra t io  of 

t h e  mean k i n e t i c  e n e r g y  

\ 

The t i m e  

t o  t h e  mean p o t e n t i a l  one 1 ~ 1 .  
The computer s i m u l a t i o n s  (Anosova e t  a l .  1989)  have shown 

t h a t  t h e  dynamical  s ta tes  of t h e  m u l t i p l e  galaxies  may s t r o n g l y  

change d u r i n g  t h e  e v o l u t i o n .  O f t e n  t h e  temporary i s o l a t e d  

b i n a r i e s  are formed i n  sys tems which have as a r u l e  e l o n g a t e d  

o r b i t s .  Such b i n a r i e s  r e s u l t  i n  some impor t an t  v a r i a t i o n s  of t h e  

e n e r g i e s  T and U. 
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A t  f i rs t ,  l e t  u s  c o n s i d e r  a v a r i a t i o n  of t h e  v i r i a l  

c o e f f i c i e n t  k v e r s u s  t i m e  t, f o r  i s o l a t e d  binaries i n  terms o f  

t h e  o r b i t a l  e c c e n t r i c i t y  e. The f u n c t i o n s  k ( t )  are shown i n  

F i g u r e  1 f o r  e = 0 ,  0.2, 0 . 6 ,  1.0. The t i m e  t is i n  u n i t s  of t h e  

p e r i o d  P of t he  b i n a r y .  The ave rage  o v e r  t h e  p e r i o d  is 

F i g u r e  1. The dependence of t h e  v i r i a l  c o e f f i c i e n t  k ( t )  on t i m e  
f o r  b i n a r y  sys tems w i t h  d i f f e r e n t  e c c e n t r i c i t i e s .  

The ave rage  K ove r  t h e  e c c e n t r i c i t y  e w i t h i n  t h e  i n t e r v a l  ( 0 , l )  

is e q u a l  t o  

1 
<E> = 1 k(e)  d e  = 5/12 I 0.42 

0 
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i n  t h e  case o f  a homogeneous d i s t r i b u t i o n  of e. L e t  u s  n o t e  t h a t  

a r a t i o  o f  t h e  a v e r a g e  o f  t i m e  q u a n t i t i e s  ?; and  Ivl does n o t  

depend  on e, it is e q u a l  t o  0 .5 .  

N o w ,  l e t  u s  c o n s i d e r  t h e  b e h a v i o r  of t h e  v i r i a l  c o e f f i c i e n t  

k v e r s u s  t h e  t i m e  t i n  3- and 5-body s y s t e m s .  Some typ ica l  

e x a m p l e s  of k ( t )  are shown i n  F i g u r e s  2 and 3 .  The t i m e  t is i n  

t h e  u n i t s  T - t h e  mean c r o s s i n g  t i m e  f o r  t h e  t r i p l e  s y s t e m  ( e . g . ,  

Anosova e t  a l .  1 9 8 9 ) .  One h a s  a d o p t e d  k ( 0 )  = 0 for  t h e  t r i p l e  

95 

F i g u r e  2 .  The dependence  of t h e  v i r i a l  c o e f f i c i e n t  k ( t )  and t h e  
minimum s e p a r a t i o n  rmi ( t )  f o r  t h e  t r i p l e  system. A s t r o n g  
c o r r e l a t i o n  is o b s e r v e 8 .  
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F i g u r e  3 .  The dependence  k ( t )  f o r  t h e  q u i n t r u p l e  sys t em.  

sys t ems :  t h e  dependences  k ( t )  have been o b t a i n e d ,  b e g i n n i n g  f rom 

t = 2.r as t h e  t r i p l e  s y s t e m  " f o r g e t s "  i ts i n t i a l  s t a t e  a f t e r  t h i s  

t i m e .  The f u n c t i o n s  k ( t )  have s t r o n g  o s c i l l a t i o n s  w i t h i n  t h e  

i n t e r v a l  ( 0 . 0 2 ,  0 . 0 9 9 ) .  O f t e n  these o s c i l l a t i o n s  f o r  t h e  t r i p l e  

s y s t e m s  have  a q u a s i p e r i o d i c a l  c h a r a c t e r ;  s u c h  a b e h a v i o r  is 

c a u s e d  by t h e  f o r m a t i o n  of  t empora ry  d o u b l e  s u b s y s t e m s .  T h i s  

c o n c l u s i o n  is s u p p o r t e d  by t h e  s t r o n g  c o r r e l a t i o n  between k and 

t h e  minimum mutua l  s e p a r a t i o n  rmin i n  a t r i p l e t  (see F i g u r e  2 ) .  

The c o e f f i c i e n t s  of  c o r r e l a t i o n  between k and rmin are shown i n  

T a b l e  1 f o r  t h e  models t h  equal-mass as w e l l  as d i f f e r e n t  mass 

compoents .  Here N is t h e  number of  r e a l i z a t i o n s  c o n s i d e r e d ,  

and  A t  is t h e  t i m e  i n t e r v a l  be tween t w o  n e i g h o r i n g  

r e a l i z a t i o n s .  T h i s  T a b l e  shows s t r o n g  c o r r e l a t i o n  between k and 

for  a l l  r a t io s  of t h e  masses c o n s i d e r e d .  The c o e f f i c i e n t  o f  rmin 

c o r r e l a t i o n  weakly  depends  on t h e  r a t i o  of  t h e  masses. 

4 
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Table 1 

Elass 
ratio 1:l:l &1:1:3 1:3:3 1:2:6 1:3:9 1:4:12 1:5:15 

Correlat. 
Coefficient -0.88 -0.90 -0.83 -0.89 -0.81 -0.72 -0.79 

N 525 525 525 2626 525 2625 2625 
At 0.5, 0.5 0.5 0.1 0.5 0.1 0.1 

The distribution of f(k) is shown in Figure 4. It has been 

Constructed from 4400 realizations fixed in At = 0.2~ within the 

interval (2, 10)~. The moments of this distribution are equal to 

k = 0.41, uk = 0.21. 

31 

0 q2 g4 46 48 40 x 
Figure 4. Distribution f(k) for the 4400 realizations of the 
simulated triplets . 

672 



Such strong oscillations of k(t) may make an uncertainty in 

the estimation of the virial mass of the galaxy groups of more 

than one order for an individual group. Some additional 

uncertainty will be made by the effect of projection - using 
projected distances and radial velocities instead of the three- 

dimensional sizes and velocities. The projection uncertainty of 

the individual virial mass of the galaxy group may be as large as 

three orders. In order to estimate the characteristic maximum 

uncertainty in the virial mass by both above effects, we have 

considered a sample from the simulated catalogues of triples with 

equal-mass components during the evolution. We have determined 

the medians of the minimum and maximum virial mass of the 

triplets (Mmin)1/2 - - 10-2.63 and (Mmax)l/2 - - 100.25 in units of 

the actual mass of the triplet. Thus the characteristic 

scattering between the maximum and minimum virial estimations of 

the mass reaches to 3 orders. Therefore one may make a 

conclusion that any reliable individual estimation of the virial 

mass is impossible for galaxy triplets. 

By the numerical simulations, we have shown some possibility 

for reliable statistical estimates (median or average) of the 

total mass of the galaxy triplets taking into account dark 

matter. This estimation is certain for homogenous samples of the 

objects. A statistical method has been proposed in order to make 

such estimates. . This method is based on a comparison of the 

medians of the dynamical parameters (an average projected size r 

of the system and a dispersion s of the relative radial 

velocities of the galaxies) for the simulated and observed 
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samples of g a l a x y  g r o u p s .  I t  h a s  been a p p l i e d  t o  a sample of  46 

p r o b a b l y  p h y s i c a l  s y s t e m s  from a list by Karachen t seva  e t  a l .  

( 1 9 8 8 ) ,  t h e  s e l e c t i o n  of t h e  p r o b a b l y  p h y s i c a l  t r ip le t s  h a s  been 

c a r r i e d  o u t  u s i n g  t h e  c r i t e r i o n  of  Anosova ( 1 9 8 7 ) .  

The s i m u l a t e d  c a t a l o g u e s  are compiled f o r  equal-mass 

components and t h e  d i f f e r e n t  h idden  mass Mo, as w e l l  as f o r  

d i f  f e r en t -mass  components . 
compared f o r  t h e  s i m u l a t e d  c a t a l o g u e s  and t h e  p h y s i c a l  g a l a x y  

t r i p l e t s  a f t e r  a c o r r e s p o n d i n g  r e n o r m a l i z a t i o n .  I t  h a s  been 

The medians r112 and s112 are 

assumed t h a t  t h e  s i m u l a t e d  and obse rved  ensembles  are i n  agree- 

ment i f  t h e  medians r112 and s 1 / 2  do  n o t  d i f f e r  more t h a n  10% 

s i m u l t a n e o u s l y .  The r e s u l t s  are shown i n  T a b l e  2 and T a b l e  3 .  

T a b l e  2 

Hidden mass 0 50 75 100 125 

Number of t h e  
'I c o i n c i d e  n c e s '' 
w i t h i n  10% 

Ave. d a r k  mass 
w i t h i n  a volume 
o f  t r i p l e t  

0 4 7 5 4 

0 10.6 13.9 14.5 16.4 

T a b l e  3 

Ratio of masses 1 : l : l  l r l : 3  1:3:3  1:2:6 l : 3 : 9  1:4:12 1:5:15 

Number of t h e  
'I c o i n c i de n c e s 'I 
w i t h i n  10% 0 0 0 2 2 4 8 
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I n  t h e  f i r s t  l i n e  of Table 2 ,  t h e  h idden  mass, d i s t r i b u t e d  

i s o t h e r m a l l y  i n s i d e  a s p h e r e  w i t h  r a d i u s  e q u a l  to 10 d ( d  is t h e  

mean s i z e  of t h e  t r i p l e t s ) ,  is i n d i c a t e d  i n  u n i t s  of t h e  mass of 

one component of t h e  t r i p l e t .  A t  t h e  second l ine ,  a number of 

t h e  compa t ib l e  ( w i t h i n  1 0 % )  ensembles  ( 2 6  o u t  of 100)  t r i p l e t s  

are r e p r e s e n t e d .  A t  t h e  l a s t  l i n e ,  t h e  mean hidden mass i n s i d e  

t h e  volume of a t r i p l e t  is shown (a  da rk  mass i n s i d e  a s p h e r e  

w i t h  r a d i u s  e q u a l  t o  a distance from a c e n t r e  of its d i s t r i b u t i o n  

t o  t h e  most d i s t a n t  body from t h i s  centre) .  The p r o b a b l e  median 

of the  da rk  mass i n  t h e  volume of t h e  t r i p l e t  is e q u a l  t o  a b o u t  4 

M ,  where M is a t o t a l  mass of t h e  t r i p l e t .  A n o t i c e a b l e  number 

of "coincidences" are observed  i n  a coase of t h e  s i g n i f i c a n t  

d i s p e r s i o n  of t h e  masses a$ 1:5:15 i n  t h e  models w i t h o u t  any 

h idden  mass. However, t h e  masses of t h e  components of t h e  g a l a x y  

t r i p l e t s  are s imilar  (Karachentsev  19871, t h e r e f o r e  a p r e f e r e n c e  

may be g i v e n  to  the  dark matter h y p o t h e s i s .  May be, some 

s u p e r p o s i t i o n  of t w o  e f f e c t s  t a k e s  p l a c e  t h a t  demands a f u r t h e r  

v e r i f i c a t i o n ,  

Authors  thank P r o f e s s o r  A .  D. Chern in  ve ry  much f o r  t h e  

v a l u a b l e  d i s c u s s i o n  of t h e  resul ts  and a number of t h e  

i n t e r e s t i n g  p r o p o s i t i o n s ,  
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