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1 . INTRODUCTION AND INITIAL CONDITIONS 

The aim of t h e present work (performed i n c o l l a b o r a t i o n wi th J .R . 
Gott and E.L. Turner) i s t o account f o r t h e observed d i s t r i b u t i o n of 
g a l a x i e s i n terms of the g r a v i t a t i o n a l i n s t a b i l i t y p i c t u r e . S p e c i f i c -
a l l y we assume t h a t a l l the matter i s conta ined i n g a l a x i e s . The 
e v o l u t i o n of such a system can then be s t u d i e d by N-body s i m u l a t i o n s 
once the i n i t i a l c o n d i t i o n s are s p e c i f i e d . Our approach i s e s s e n t i a l l y 
exper imenta l ; a v a r i e t y of models are computed and t h e r e s u l t s are 
compared wi th o b s e r v a t i o n s . 

The models are c h a r a c t e r i z e d by the f o l l o w i n g s e t of parameters: 
N, n, m, 3, Ω0 , ε , RQ. Here Ν denotes the t o t a l number of g a l a x i e s ; 
th^ index η i s used t o d e s c r i b e the i n i t i a l d e n s i t y f l u c t u a t i o n s δρ/ρ œ 

M~2 - η / 6 ( n = ο corresponds t o a random d i s t r i b u t i o n , whereas η = - 1 
g i v e s r i s e t o a ' f l a t * f l u c t u a t i o n spectrum favoured by Gott and Rees 
( 1 9 7 5 ) ) . The ga laxy masses m are u s u a l l y taken t o be equal ; a l t e r n a -
t i v e l y we s e l e c t two mass groups or a genera l mass f u n c t i o n . A random-
i z e d component of k i n e t i c energy, T^ Ξ 3Τ^, may be superimposed on the 
i n i t i a l Hubble v e l o c i t y f l ow v-j_ = wi th t o t a l k i n e t i c energy Tjj 
( 3 = 0 denotes a ? c o l d f u n i v e r s e ) . We adopt t h e standard Friedmann 
cosmology with A = 0 and concentrate on two v a l u e s of t h e f i n a l d e n s i t y 
parameter Ω0 ξ 87rGp0/3H0^, where p0 i s the present mean d e n s i t y of the 
u n i v e r s e : ( i ) a c l o s e d u n i v e r s e w i th Ω0 = 1 (parabo l i c case ) and ( i i ) 
an open u n i v e r s e wi th Ω0 = 0 . 1 . The c a l c u l a t i o n s are assumed t o s t a r t 
at a r e d - s h i f t when t h e pr imordia l d e n s i t y f l u c t u a t i o n s have 
reached a v a l u e δρ/ρ ^ 1 on g a l a c t i c mass s c a l e s . A s s o c i a t i n g t h i s 
epoch wi th a ga laxy c o l l a p s e t ime ^ 1θ9 yrs then g i v e s an expansion 
parameter at the present epoch of RQ = 1 + z ^ , whereupon the i n i t i a l 
va lue of Ω may be eva luated i f Ω0 φ 1 . The s c a l e of the system i s s e t 
from c o n s i d e r a t i o n s of t h e t o t a l l u m i n o s i t y ; we adopt a f i n a l radius 
RQ = 50 Mpc f o r a Hubble cons tant HQ = 50 km s e c - 1 Mpc"1. 

Two separate computer codes are used , depending on whether the 
g a l a x i e s are assumed t o be mass -po int s or extended d i s t r i b u t i o n s of 
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c h a r a c t e r i s t i c s i z e ε . In t h e l a t t e r c a s e t h e - | g a l a x i e s are r e p r e s e n t e d 
by a ' s o f t ' p o t e n t i a l of t h e form Gm/(r2 + ε 2 ) 2 . T r e a t i n g c l o s e mass-
p o i n t p a i r s by a two-body r e g u l a r i z a t i o n t e c h n i q u e , we have computed 
s e v e r a l models w i th Ν = 1000 g a l a x i e s . A s o f t p o t e n t i a l permit s more 
p a r t i c l e s t o be s t u d i e d ; here we r e p o r t on two models w i t h Ν = UOOO 
g a l a x i e s and a s o f t e n i n g parameter c/Rq = 1 χ 10~3 ( i . e . ε = 50 k p c ) . 
The equat ions of motion f o r each g a l a x y are advanced a c c o r d i n g t o t h e 
Ahmad-Cohen (1973) i n t e g r a t i o n scheme which t r e a t s ne ighbours and d i s -
t a n t p a r t i c l e s on d i f f e r e n t t i m e - s c a l e s . We c o n s i d e r a s p h e r i c a l 
r e g i o n of space i n i s o l a t i o n and t h e r e f o r e n e g l e c t t h e e f f e c t of 
e x t e r n a l g a l a x i e s . Any ga laxy which approaches t h e expanding boundary 
i s r e f l e c t e d w i th decreased r a d i a l v e l o c i t y . This procedure p r e s e r v e s 
t h e mean d e n s i t y i n t h e co-moving frame and has t h e e f f e c t of c o o l i n g 
t h e p e c u l i a r motions near t h e boundary. The boundary i t s e l f i s assumed 
t o obey an a p p r o p r i a t e Newtonian e q u a t i o n of motion throughout . 

The c a l c u l a t i o n s g i v e r i s e t o an e x t e n s i v e data bank which w i l l be 
used f o r a v a r i e t y of t e s t s and compar i sons . In t h i s paper we r e p o r t 
b r i e f l y on t h e c o v a r i a n c e f u n c t i o n and d i s c u s s some p r o p e r t i e s of t h e 
c l u s t e r i n g p r o c e s s . More d e t a i l e d c o n s i d e r a t i o n s w i l l be p u b l i s h e d 
e l s ewhere (Aarse th , Gott and Turner ( 1 9 7 7 ) , h e n c e f o r t h r e f e r r e d t o as 
AGT) . 

2 . THE COVARIANCE FUNCTION 

The c o v a r i a n c e f u n c t i o n ξ p r o v i d e s a p r e c i s e t o o l f o r comparing 
t h e f i n a l models w i t h o b s e r v a t i o n s . I t i s d e f i n e d i n terms of t h e 
p r o b a b i l i t y dP of f i n d i n g a g a l a x y w i t h i n a volume dV at t h e d i s t a n c e r 
from a randomly chosen g a l a x y : dP = ng ( l + ξ ( τ ) ) dV, where ng i s t h e 
number d e n s i t y of g a l a x i e s . P e e b l e s (197M f i n d s ξ ( τ ) - 68 r ~ l f o r 
0 . 0 6 < r < 6θ , r b e i n g measured i n Mpc, where the ampl i tude i s u n c e r t a i n 
by a f a c t o r of ^ 2 . The 6U r o u b l e q u e s t i o n i s then whether any of t h e 
models can reproduce a s a t i s f a c t o r y power-law c o v a r i a n c e f u n c t i o n over 
t h e observed r a n g e . 

A n a l y s i s of models I and I I y i e l d s c o v a r i a n c e f u n c t i o n s ξ ( τ ) - 110 
r - 1 * 9 and ξ ( τ ) - 190 r ~ l - 9 9 r e s p e c t i v e l y , over t h e range ξ ( τ ) ^ 10 4 t o 
ξ ( τ ) ^ 1 f o r t h e s c a l i n g RQ = 50 Mpc. Here Model I i s a c l o s e d u n i v e r s e 
w i t h parameters Ω0 = 1 , n = 0 , (3 = 0 . 0 2 7 , 1 + = 1 3 . 8 , whereas t h e 
open Model I I i s c h a r a c t e r i z e d by Ω0 = 0 . 1 , n = - l , 3 = 0 , 1 + = 
3 0 . 9 . Both models c o n t a i n Ν = 1000 g a l a x i e s of equal mass which have 
been t r e a t e d as m a s s - p o i n t s (ε = 0 ) . The ampl i tudes which are somewhat 
h igh may be reduced by u s i n g s m a l l e r v a l u e s of whereas t h e exponent 
i s very c l o s e t o t h e observed v a l u e f o r both mode l s . 

I t i s a s t r i k i n g f e a t u r e of t h e mass -po in t models t h a t t h e c o v a r i -
ance f u n c t i o n c o n t i n u e s t o i n c r e a s e ( w i t h a s l i g h t l y s t e e p e r s l o p e ) a t 
smal l er d i s t a n c e s , r e a c h i n g ξ ( τ ) > 1 0 a t r/RQ ^ 2 χ 10 ^ i n both models 
This property i s accounted f o r by a number of ex tremely c l o s e b i n a r i e s . 
No such smal l s c a l e s are p r e s e n t i n t h e i n i t i a l d i s t r i b u t i o n s where t h e 
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c l o s e s t b i n a r i e s are ^ 10 ^ of t h e corresponding s c a l e f a c t o r R. The 
net shrinkage i s mainly due t o r e l a x a t i o n e f f e c t s between b i n a r i e s and 
s i n g l e g a l a x i e s which are w e l l understood from t h e o r e t i c a l c o n s i d e r a t i o n s 
(Heggie 1 9 7 5 ) . In t h e case of s o f t p o t e n t i a l s the form of ξ ( τ ) i s 
s i m i l a r t o the mass-point models over the o b s e r v a t i o n a l range but t h e 
maximum amplitude i s c o n s i d e r a b l y s m a l l e r . 

Models wi th two mass groups m^ and m^ have a l s o been c o n s i d e r e d . 
In one model with m^ = 2m. we f i n d t h a t the amplitude of ξ ( τ ) f o r the 
heavy mass component i s about t w i c e tha t f o r the l i g h t component, whereas 
the r e s p e c t i v e s l o p e s are 2 . 1 and 1 . 9 . We may a s s o c i a t e the heavy com-
ponent with Ε and SO g a l a x i e s which show some ev idence o f having t w i c e 
the M/L va lue of s p i r a l s (Turner 1976) but s i m i l a r l u m i n o s i t y f u n c t i o n s 
(Shapiro 1971) . Our r e s u l t i s then i n q u a l i t a t i v e agreement wi th 
covar iance f u n c t i o n s determined s e p a r a t e l y f o r e l l i p t i c a l s , l e n t i c u l a r s 
and s p i r a l s (Davis and G e l l e r 1 9 7 6 ) . The mass e f f e c t i n the s imulated 
models i s another m a n i f e s t a t i o n t h a t s i g n i f i c a n t two-body r e l a x a t i o n 
has taken p l a c e . A f u r t h e r i n d i c a t i o n of r e l a x a t i o n i s provided by an 
i n i t i a l f e a t u r e i n the covar iance f u n c t i o n at l a r g e r which d isappears 
during the e v o l u t i o n . 

To conclude t h i s d i s c u s s i o n , i t appears t h a t d i f f e r e n t cosmolog ica l 
models ( i . e . c l o s e d vs open) cannot be d i s t i n g u i s h e d from the a n a l y s i s 
of ξ ( τ ) f o r the present range of parameters . However, t h e N-body 
s i m u l a t i o n s do demonstrate t h a t the g r a v i t a t i o n a l i n s t a b i l i t y theory 
can account f o r the observed galaxy c l u s t e r i n g . 

3. THE GROWTH OF CLUSTERING 

P i c t u r e s of t h e f i n a l models r e v e a l a s i g n i f i c a n t amount of galaxy 
c l u s t e r i n g ( c f AGT) and i t i s t h e r e f o r e of i n t e r e s t t o understand the 
c l u s t e r i n g p r o c e s s . The growth of c l u s t e r i n g i s i l l u s t r a t e d by a l 6 mm 
time sequence movie which shows the p r o j e c t e d x y - d i s t r i b u t i o n of Ν = 
i+000 g a l a x i e s i n co-moving coord inate s . This i s an open model wi th 
b a s i c parameters n = - l , 3 = 0 , Ω0 = 0 . 1 , ε = 50 kpc, 1 + z ^ = 32. 
We employ a general mass spectrum der ived from the l u m i n o s i t y f u n c t i o n 
of g a l a x i e s i n small groups (Turner and Gott 1 9 7 6 ) , where the i n i t i a l 
d e n s i t y f l u c t u a t i o n s όρ/ρ are comparable t o a s i m i l a r d i s t r i b u t i o n of N= 
1000 equal ga laxy masses . Although the movie only d i s p l a y s the two-
dimensional development, the apparent c l u s t e r i n g i s qu i t e pronounced. 
Two snap-shots of the e v o l u t i o n are d i s p l a y e d i n Figure 1; t h e r e i s some 
i n d i c a t i o n of the c l u s t e r s grouping t o g e t h e r i n t o s u p e r - c l u s t e r s as 
sugges ted by the o b s e r v a t i o n s . One c l u s t e r forms at the boundary and 
s u r v i v e s throughout t h e c a l c u l a t i o n ; hence the boundary e f f e c t s do not 
appear t o suppress the c l u s t e r i n g unduly. 

A proper a n a l y s i s of the c l u s t e r i n g process i s b e s t c a r r i e d out i n 
t h r e e d imens ions . Some pre l iminary r e s u l t s have been obta ined us ing a 
s imple approach based on s p h e r i c a l symmetry. For t h i s purpose we employ 
an o p e r a t i o n a l c l u s t e r d e f i n i t i o n as f o l l o w s . The i n t e g r a t i o n scheme 
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Figure 1 Projected distr ibut ion in the xy-plane for the 
model Ω =0.1, N=4000 at expansion factors R=4.3 and R=15.4. 
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p r o v i d e s i n f o r m a t i o n about t h e number d e n s i t y of ne ighbours ( i . e . n e i g h -
bour sphere r a d i u s and corresponding membership). For s i m p l i c i t y we 
assume t h a t t h e ga laxy w i t h t h e h i g h e s t a s s o c i a t e d d e n s i t y i s l o c a t e d a t 
a c l u s t e r c e n t r e . We then i n c l u d e t h e mass Ms w i t h i n spheres of i n c r e a s -
i n g r a d i u s Rs u n t i l t h e corresponding d e n s i t y c o n t r a s t C Ξ R^MS/NRS^ 
f a l l s below a p r e s c r i b e d v a l u e C c l (N i s a l s o the t o t a l m a s s ) . A d e n s i t y 
c o n t r a s t of Cc]_ = 5 - 5 r e p r e s e n t s turn-around i n an E i n s t e i n - d e S i t t e r 
u n i v e r s e , but a l t e r n a t i v e v a l u e s may a l s o be c o n s i d e r e d . The p r o p e r t i e s 
of such a c l u s t e r can then be a n a l y s e d as f o r an i s o l a t e d sys tem, 
whereupon t h e next c l u s t e r i s i d e n t i f i e d i n a s i m i l a r manner s u b j e c t t o 
t h e c o n d i t i o n t h a t no ga laxy i s counted more than once . 

Table I g i v e s t h e f requency d i s t r i b u t i o n o f i d e n t i f i e d c l u s t e r s 
w i t h more than 12 members f o r C c l = 5 . 5 . The f i r s t l i n e r e f e r s t o t h e 
Ω0 = 0 . 1 model d i s c u s s e d above and t h e second l i n e i s f o r a s i m i l a r 
c l o s e d model w i th 1 + = 1 0 . 7 . 

Table I 

Model > hOO 1+00 - 200 200 - 100 100 - 50 50 - 25 25 - 13 
Ω0 = 0 . 1 1 0 k 6 9 31 
Ω0 = 1 1 1 3 h 8 31 

The t a b l e c o n t a i n s 51 and U8 c l u s t e r s w i t h r e s p e c t i v e t o t a l p o p u l a t i o n s 
of 2b22 and 27^8 g a l a x i e s . Adopting C c l = 22 i n s t e a d we f i n d s i m i l a r l y 
29 and 21 c l u s t e r s w i t h a corresponding t o t a l membership of 1731 and 
l80U g a l a x i e s . The average mass o f t h e c l u s t e r g a l a x i e s i n Table I 
t ends t o be somewhat h i g h e r than t h e t o t a l average ( t y p i c a l l y ^ 20 -
30 per c e n t ) , but o n l y i n one c a s e does t h e e x c e s s reach a f a c t o r o f 2 . 
On t h e o ther hand, a few c l u s t e r s show a smal l d e f i c i e n c y of heavy mem-
b e r s ; t h i s i s perhaps not s u r p r i s i n g c o n s i d e r i n g t h a t on ly about 26 per 
cent of a l l t h e g a l a x i e s exceed t h e average mass . In any c a s e i t should 
be emphasized t h a t t h e r e l a t i v e l y smal l mass d i f f e r e n c e s between c l u s t e r 
g a l a x i e s and f i e l d g a l a x i e s i n t h e s e models do not a l l o w f o r t h e p o s -
s i b i l i t y of mergers , which would be more l i k e l y i n c l u s t e r s . 

Further a n a l y s i s may show whether some o f t h e r i c h e s t c l u s t e r s 
c o n t a i n independent s u b - c l u s t e r s not i d e n t i f i e d by t h e p r e s e n t procedure . 
In p r i n c i p l e a t l e a s t t h e s t a b i l i t y of h i e r a r c h i c a l c l u s t e r i n g would 
prov ide a t e s t f o r d i s t i n g u i s h i n g between c l o s e d and open mode l s . A l l 
c l u s t e r s i n Table I have s i g n i f i c a n t n e g a t i v e b i n d i n g e n e r g i e s and are 
t h e r e f o r e q u i t e s t a b l e . This i s s t i l l t h e c a s e ( w i t h one e x c e p t i o n ) 
a f t e r s u b t r a c t i o n of t h e n e g a t i v e energy s t o r e d i n c l o s e p a i r s , e q u i v a -
l e n t t o e v a l u a t i n g t h e t o t a l energy i n t h e two-body approx imat ion . Most 
o f t h e members are l o c a t e d i n s i d e h a l f t h e e s t i m a t e d c l u s t e r r a d i u s , 
i n d i c a t i n g a s i g n i f i c a n t c o r e - h a l o s t r u c t u r e . The a s s o c i a t e d c r o s s i n g 
t i m e s are d e f i n e d by t c r = M s 5 / 2 / ( 2 | e c 1 | ) 3 / 2 , where E c l i s t h e c o r r e c t e d 
c l u s t e r e n e r g y . T y p i c a l v a l u e s o f t h e dynamical age t / t c r range from 
^ 2 t o ^ 1 0 , hence t h e r e has been t ime f o r s i g n i f i c a n t i n t e r n a l r e l a x a -
t i o n . 
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T i d a l i n t e r a c t i o n s "between t h e c l u s t e r s may a l s o he o f dynamica l 
i m p o r t a n c e , w i t h shear m o t i o n s g e n e r a t i n g a n g u l a r momentum o f o p p o s i t e 
s i g n . The e f f e c t i v e n e s s o f such t i d a l t o r q u e s may be t e s t e d by e v a l u a t -
i n g t h e d i m e n s i o n l e s s q u a n t i t y γ Ξ J 2 / 2 T I , where J , Τ and I are t h e 
t o t a l a n g u l a r momentum, k i n e t i c energy and moment o f i n e r t i a w i t h r e s p e c t 
t o t h e c l u s t e r c e n t r e . For most c l u s t e r s i n Table I , γ < 0 . 0 1 and hence 
t h e e x t e r n a l l y induced r o t a t i o n a l energy i s v e r y s m a l l . Th i s r e s u l t may 
a l s o have i m p l i c a t i o n s f o r t h e t i d a l o r i g i n o f r o t a t i o n i n s i d e g a l a x i e s ; 
t o be e f f e c t i v e t h i s p r o c e s s r e q u i r e s t h e g a l a x i e s t o be r e l a t i v e l y 
c l o s e r t o each o t h e r t h a n i s t h e c a s e f o r t h e c l u s t e r s . 

In c o n c l u s i o n , t h e p r e s e n t dynamical models can a c c o u n t q u i t e w e l l 
f o r t h e o b s e r v e d c o v a r i a n c e f u n c t i o n and a r e a l s o c a p a b l e o f p r o d u c i n g 
c l u s t e r s w i t h a wide range o f membership. The i n s e n s i t i v i t y o f t h e s e 
q u a n t i t i e s t o t h e i n i t i a l c o n d i t i o n s ( p a r t i c u l a r l y Ω) i s somewhat s u r -
p r i s i n g and needs t o be u n d e r s t o o d b e t t e r . However, t h e v e l o c i t y d i s -
t r i b u t i o n p r o v i d e s more s e n s i t i v e t e s t s f o r d i s t i n g u i s h i n g be tween 
c o s m o l o g i c a l m o d e l s , as d i s c u s s e d by Gott e l s e w h e r e i n t h i s v o l u m e . 
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DISCUSSION 

Peebles: I have produced s i m i l a r f i l m s , but have a lways c a l l e d them 
"propaganda f i l m s " b e c a u s e i t seemed t o me t h a t i t i s v e r y dangerous t o 
compare them too c l o s e l y t o the r e a l U n i v e r s e . There are two important 
l e n g t h s i n t h e mode l , t h e r a d i u s R, and R / N 1 / 3 , where Ν i s the number of 
p a r t i c l e s , the l a t t e r b e i n g the r a d i u s a t which the i n i t i a l f l u c t u a t i o n s 
are n o n - l i n e a r . S i n c e we do no t know how t o model the n o n - l i n e a r p a r t 
of t h e mass d i s t r i b u t i o n , I f e l t t h a t one s h o u l d o n l y examine t h e s t r u c -
t u r e t h a t d e v e l o p s on p h y s i c a l s c a l e s £ R / N 1 / 3 . U n h a p p i l y , s i n c e Ν i s 
l i m i t e d t o ^ 1000 , t h i s l e a v e s o n l y a v e r y r e s t r i c t e d range of s c a l e s . 
You have taken a b o l d s t e p i n g o i n g t o much s m a l l e r s c a l e s , and you 
might be r i g h t , but I t h i n k i t i s a l i t t l e d a n g e r o u s . 

de Vaucouleurs: Could you o f f e r some comments - p o s s i b l e r e a s o n s - f o r 
t h e f a c t s t h a t (1) your c a l c u l a t i o n s match s a t i s f a c t o r i l y t h e o b s e r v e d 
two p o i n t c o v a r i a n c e f u n c t i o n , but (2) t h e g a l a x y and c l u s t e r d i s t r i b u -
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tions shown in your film does not resemble the real Universe as depicted 
by Peebles from the Lick counts? 

Aarseth: In the film each galaxy is shown with the same intensity, 
whereas the masses are in fact selected from a broad Schechter function. 
A proper representation would certainly improve the visual impression of 
the simulated cluster picture. In any case this question cannot be 
settled by a subjective inspection. What is needed, is a quantitative 
comparison using methods described at this meeting. 

Petrovskaya: What is the time unit in the flim and what may one say 
about the time scale of the clustering process? 

Aarseth: The initial epoch is taken to be 109 years and the final epoch 
is the present time, corresponding to an expansion factor of 32. A 
significant amount of clustering can already be seen after four or five 
expansion times. 

Fall: My question is related to Prof. Peebles1 comment about character-
istic scales and their possible effect on the reliability of your calcu-
lations. As he has pointed out, one might worry that the point-mass 
calculation would not accurately reflect the clustering of real galaxies 
on scales smaller than the initial mean intergalaxy separation or, 
equivalently, the characteristic size of a galaxy. Also, one might 
worry that the real distribution of galaxies was already clustered and 
had significant velocities at epochs, corresponding to the beginning of 
your calculations. If the final distribution of galaxies in your calcu-
lations depended sensitively on galaxy sizes, velocities etc., then the 
interpretation would be complicated. My question is simply, do you find 
any evidence that the final distribution depends sensitively on these 
effects? 

Aarseth: We have done calculations with mass-points and soft potentials 
as well as different initial position and velocity distributions, and 
find no significant differences in the final correlation functions. 

Zeldovich: The initial peculiar velocities if they are different in 
different places are equivalent to temperature. The Jeans mass grows 
and small clusters are prevented from forming. But various peculiar 
velocities increase the amplitude of perturbations, each one on its own 
mass scale. They can even lead to clustering in the absence of initial 
density fluctuations. 

Davis: Could you comment on the growth rate of the cosmic potential 
energy Τ or the cosmic potential energy U in your simulations? In the 
self-similar Ω = 1 models, Τ and U will scale as R(l-n)/(3+n)^ where R is 
the cosmic factor and η is the initial spectral index of perturbations. 
If this is not so in your simulations, then non self-similar effects are 
dominating the solution. 
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Aarseth: We plan to check the growth-rates of the peculiar energies, 
but have not done so yet. 

Ostriker: One of the most interesting aspects of Aarseth1s simulations 
is that the amplitude of the correlation functions for masses Μ = 2Mj 
are twice as large as those with M = . Can I ask all those who have 
made these numerical simulations whether they would have expected this 
result or does it indicate that the calculations are wrong? 

Peebles: I have made N-body calculations to test this point. The 
simulations start with a clustering hierarchy with points distributed 
according to the empirical 2, 3 and 4-point correlation functions. The 
velocities are chosen so that on taking statistical averages the distri-
bution will be kept in equilibrium, and the model is then run forward in 
time. It is found that the 2 and 3 point correlation functions do not 
change appreciably with time. If there is a mass distribution, the 
cross-correlation function for different masses does not change with 
time, i.e. the light particles do not float up to the dense spots. 

Ostriker: Have you answered my question? 

Peebles: If the simulations had resulted in the clustering distribution 
we observe in the Universe, I would not have expected to see mass 
segregation. 

Gott: We were not at all surprised that our simulations with two mass 
groups (M2 = 2Mi) gave the results that the galaxies of mass 2M^ had a 
covariance function of just twice the amplitude of the galaxies of mass 
Mi. The three point correlation results of Peebles and Groth show that 
a tight binary galaxy has just twice the covariance function of a normal 
galaxy, essentially because each of the two galaxies in the binary 
galaxy brings the expected average number of companions with it. Of 
course, one galaxy with mass 2M is dynamically indistinguishable from a 
tight binary of mass (M1+M1), and should, therefore, have a similar 
covariance function. 
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