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ABSTRACT F o l l o w i n g a b r i e f r e v i e w o f the e a r l y deve lopmen t s in the 
f i e l d , we d i s c u s s a few new advances in the d i s t r i b u t i o n o f b r i g h t 
g a l a x i e s which o c c u r e d a f t e r the e x t e n s i v e r e v i e w paper by Oort ( 1 9 8 3 ) 
We show that the l a r g e s c a l e s t r u c t u r e , s h e l l s , f i l a m e n t s a n d / o r s h e e t s , 
may b i a s the d e t e r m i n a t i o n o f the v e l o c i t y d i s p e r s i o n in c l u s t e r s o f 
g a l a x i e s and that the b o u n d a r i e s o f the v o i d s may o f t e n be b i a s s e d by 
the c l u s t e r s and g r o u p s v e l o c i t y d i s p e r s i o n . 

Of i n t e r e s t a re the ve ry l a r g e s t r u c t u r e s s e l e c t e d on c a t a l o g s o f 
c l u s t e r s o f g a l a x i e s . The "Loca l S t r u c t u r e " c l a i m e d by T u l l y seems t o 
be somewhat f l a t t e n e d and about p a r a l l e l t o the p l a n e o f the Loca l 
S u p e r c l u s t e r . I f the s t r u c t u r e i s r ea l the a l ignement i s r e l e v a n t in 
r e l a t i o n t o the p h y s i c a l mechanisms a t work at the t ime o f f o r m a t i o n . 
N o t i c e a b l e p r o g r e s s has been done in the measurement o f the l a r g e s c a l e 
v e l o c i t y f i e l d . Large s c a l e m o t i o n s may somewhat b i a s the s tudy o f the 
t o p o l o g y o f the u n i v e r s e . 

R e l e v a n t work has be done on the shape o f the b o u n d a r i e s o f the v o i d s 
and o b s e r v a t i o n a l work i s p r o g r e s s i n g t o d e t e c t f a i n t g a l a x i e s in v o i d s 
and de t e rmine t h e i r c h a r a c t e s t i c s . T h i s i s important a l s o in r e l a t i o n 
t o the t h e o r y o f b i a s s e d g a l a x y f o r m a t i o n . To b e t t e r f o c u s the 
o b s e r v a t i o n a l p rob l em and e v e n t u a l l y r e l a t e d b i a s s e s , we g i v e some 
s t a t i s t i c s on dwarf g a l a x i e s in the V i r g o c l u s t e r . 

1. INTRODUCTION 

The s tudy o f our env i ronmen t , the Cosmos, d a t e s back t o the t ime the 
human b e i n g t o o k c o n s c i o u s n e s s o f h i m s e l f and o f i t s s u r r o u n d i n g s . The 
i n c r e a s e o f s c i e n t i f i c a l knowledge and t e c h n o l o g y expanded , d u r i n g the 
c e n t u r i e s o f our e v o l u t i o n , the o r i z o n o f the p h y s i c a l w o r l d . 

In most modern t i m e s and a f t e r the t h e o r e t i c a l work on c o s m o l o g i c a l 
mode l s i t became c l e a r tha t the knowledge o f the d i s t r i b u t i o n o f 
g a l a x i e s , taken by most s c i e n t i s t s a s a mark o f the d i s t r i b u t i o n o f 
mat te r in the U n i v e r s e , would l e t u s under s t and not o n l y t h e . p r e s e n t 
s t a t u s o f the U n i v e r s e , but a l s o g i v e us some o b s e r v a t i o n a l da ta t o be 
used a s t e s t f o r m o d e l s about the o r i g i n and e v o l u t i o n o f the Un ive r se 
a s a w h o l e . 
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In the l a s t few y e a r s a l o t has been w r i t t e n on the l a r g e s c a l e 
s t r u c t u r e s and v a r i u s r e v i e w p a p e r s have been p u b l i s h e d , e . g . among 
o t h e r s C h i n c a r i n i ( 1 9 8 2 ) and the comprehens ive r e v i e w by Oort ( 1 9 8 3 ) . 
We w i l l t h e r e f o r e o n l y s c h e t c h some o f the e a r l y deve lopment and f o c u s 
our a t t e n t i o n on some o f the r e c e n t work which we b e l i e v e p a r t i c u l a r l y 
i m p o r t a n t . 

Sandage ( t h e s e p r o c e e d i n g s ) men t ioned that in the da ta o f Hubble 
( 1 9 3 6 ) we a l r e a d y have the n o t i o n o f c l u s t e r i n g . Shapley and h i s 
c o l l a b o r a t o r s ( e . g . Shapley and Ames, 1932; S h a p l e y , 1935) , howeve r , 
p i o n e e r e d the two fundamental a s p e c t s o f the l a r g e s c a l e d i s t r i b u t i o n o f 
g a l a x i e s . They c a l l e d a t t e n t i o n t o the e x i s t e n c e o f a l o c a l l a r g e s c a l e 
s t r u c t u r e , the Loca l S u p e r c l u s t e r , and d e t e c t e d o t h e r d i s t a n t s t r u c t u r e s 

La te r and in a d i f f e r e n t form A b e l l ( 1 9 5 8 ) and Zwicky ( e . g . Z w i c k y , 
1957) c a l l e d a t t e n t i o n on o t h e r a g g l o m e r a t e s and i t became f a i r l y c l e a r 
tha t not o n l y the d i s t r i b u t i o n o f g a l a x i e s i s clumpy but tha t a l s o the 
d i s t r i b u t i o n o f c l u s t e r s o f g a l a x i e s i s not random ( A b e l l 1 9 6 1 ) . 

De V a u c o u l e u r s ( 1 9 5 8 ) i s p r o b a b l y the one who had an e a r l y 
u n d e r s t a n d i n g on the s i g n i f i c a n c e o f S h a p l e y ' s work on the l o c a l 
d i s t r i b u t i o n o f g a l a x i e s and d e v o t e d impor tant y e a r s o f r e s e a r c h in 
u n d e r s t a n d i n g t h i s s t r u c t u r e . 

Shane and Wirtanen ( 1 9 6 7 ) unde r took a monumental o b s e r v a t i o n a l work 
in a ve ry a c c u r a t e su rvey on the d i s t r i b u t i o n o f g a l a x i e s w h i l e Neymann 
and S c o t t ( s e e e . g . t h e i r 1959 r e v i e w ) d e v e l o p e d foundamental 
s t a t i s t i c a l t o o l s t o a l l o w t h e i r i n t e r p r e t a t i o n . 

The d i s c o v e r y o f the microwave background ( P e n z i a s and Wi l son 1965 
and Dicke e t a l , 1965) gave c o n f i d e n c e t o a t h e o r e t i c a l framework around 
which t o d e v e l o p numerica l m o d e l s and marked the b i r t h d a y o f the 
o b s e r v a t i o n a l c o s m o l o g y in a l l i t s b r a n c h e s and c o m p l e x i t y . 

In the e a r l y s e v e n t i e s P e e b l e s and c o l l a b o r a t o r s ( s e e P e e b l e s 1980) 
were h e a v i l y i n v o l v e d in d e v e l o p i n g the a u t o c o r r e l a t i o n f u n c t i o n 
machinery and in u s i n g i t t o under s t and the l a r g e s c a l e c l u s t e r i n g u s i n g 
two d imens iona l c a t a l o g s . E a r l i e r a p i o n e e r a n a l y s i s o f the 
Shane-Wirtanen c a t a l o g was c a r r i e d out by T o t s u j i and Kihara ( 1 9 6 9 ) . 

In the same p e r i o d i t became f e a s i b l e , thanks t o the new image 
i n t e n s i f i e r s and a v a i l a b i l i t y o f t e l e s c o p e s , t o o b s e r v e a f a i r number o f 
r e d s h i f t s o f g a l a x i e s in a r e a s o n a b l e amount o f t i m e . I t i s wor th 
s t r e s s i n g tha t g o o d t e l e s c o p e s in g o o d s i t e s and w i th advanced 
i n s t r u m e n t a t i o n a lways a l l o w g o o d p r o g r e s s in r e s e a r c h . T h i s may be 
impor tant f o r t h o s e c o u n t r i e s which p lan a growth in o b s e r v a t i o n a l 
As t ronomy. 

The a v a i l a b i l i t y o f the r e d s h i f t s opened the way t o the 3 - d i m e n s i o n a l 
s t u d i e s o f the d i s t r i b u t i o n o f g a l a x i e s . 

C h i n c a r i n i and Rood ( 1 9 7 5 ) in the a t tempt t o de te rmine the s i z e o f 
the Coma c l u s t e r , f o l l o w i n g a l s o d i s c u s s i o n and s u g g e s t i o n s g i v e n by 
Z w i c k y , r e a l i z e d tha t g a l a x i e s a t the r e d s h i f t o f Coma were s t i l l 
p r e s e n t a t v e r y l a r g e angu la r d i s t a n c e s from the c l u s t e r i t s e l f . 
C h i n c a r i n i and Mar t i n s ( 1 9 7 5 ) in the a t tempt t o e x p l a i n the d i s c r e p a n t 
r e d s h i f t in the S e y f e r t S e x t e t r e a l i z e d tha t the d i s t r i b u t i o n o f 
g a l a x i e s in the r e d s h i f t s p a c e was not homogeneous . R e d s h i f t s were 
i ndeed s e g r e g a t e . In o t h e r words r e g i o n s p o p u l a t e d by g a l a x i e s were 
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s e p a r a t e d by r e g i o n s empty o f g a l a x i e s . 
The l a r g e s c a l e c l u s t e r i n g found in the r e d s h i f t s u r v e y s was found t o 

be in ve ry g o o d agreement wi th the p i c t u r e that P e e b l e s and 
c o l l a b o r a t o r s were d e r i v i n g by measur ing the a u t o c o r r e l a t i o n f u n c t i o n o f 
g a l a x i e s u s i n g two d imens iona l d i s t r i b u t i o n o f g a l a x i e s a s l i s t e d in 
v a r i o u s c a t a l o g u e s : Shane and Wir tanen , Zwicky and the Jage 1 Ionian 
f i e l d ( s e e P e e b l e s 1 9 8 0 ) . 

I t i s in t h i s p e r i o d and f o l l o w i n g a l s o the work o f Gregory e t al 
( 1 9 8 1 ) tha t i t became c l e a r tha t in the u n i v e r s e we had l a r g e s c a l e 
s t r u c t u r e s and l a r g e r e g i o n s v o i d o f g a l a x i e s . Independen t ly t h i s l i n e 
o f r e s e a r c h was p e r s u e d by E i n a s t o and h i s c o l l a b o r a t o r s ( e . g . E i n a s t o 
e t a l , 1980) ) · Fundamental in t h i s c o n t e x t has been the t h e o r e t i c a l 
work d e v e l o p e d by Z e l d o v i c h and h i s c o l l a b o r a t o r s ( s e e e . g . Z e l d o v i c h , 
1 9 7 8 ) . 

In the e a r l y e i g h t i e s enough o b s e r v a t i o n a l and t h e o r e t i c a l work had 
been done t o a l l o w an e x t e n s i v e m e e t i n g on t h i s and r e l a t e d t o p i c s , IAU 
Symposium 104. The c o u p l i n g between the ve ry e a r l y U n i v e r s e , r e l a t e d 
h igh ene rgy p h y s i c s and the o b s e r v e d d i s t r i b u t i o n o f ma t t e r was a l r e a d y 
in fui 1 deve lopment 

The d i s t r i b u t i o n o f g a l a x i e s i s not an i s o l a t e d s u b j e c t . I t i s 
r e l a t e d t o the s tudy o f p e r t u r b a t i o n s in the d e n s i t y and v e l o c i t y f i e l d , 
t o the fo rma t ion and e v o l u t i o n o f s t r u c t u r e s and g a l a x i e s , t o the 
u n d e r s t a n d i n g o f c l u s t e r membership , t o phenomena o f i n t e r a c t i o n between 
g a l a x i e s and the i n t e r g a l a c t i c g a s , and d e e p l y c o n n e c t e d t o the 
p r o b l e m a t i c o f the m i s s i n g mass (and i t s d i s t r i b u t i o n ) . 

In t h i s r e v i e w we w i l l l i m i t o u r s e l v e s t o the d i s r i b u t i o n o f g a l a x i e s 
and r e f e r f o r the r e s t t o the v a r i o u s r e v i e w s and s p e c i a l i z e d p a p e r s 
p r e s e n t e d a t the p r e s e n t symposium. Whi le M. G e l l e r w i l l d i s c u s s the 
r e c e n t r e s u l t s o f the Cfa s u r v e y , we remind that in a d d i t i o n t o the 
o t h e r l a r g e su rvey c a r r i e d out at A r e c i b o , work i s p r o g r e s s i n g in B r a s i l 
and South A f r i c a . The work done in S o v i e t Union w i l l be i l l u s t r a t e d by 
Ka rachen t s ev . 

2 . SUPERCLUSTERING 

The b a s i c assumpt ion h e r e i s t h a t , in f i r s t a p p r o x i m a t i o n , the 
r e d s h i f t i s a measure o f d i s t a n c e . We a l s o r e f e r t o a l a r g e s c a l e 
s t r u c t u r e o r a s u p e r c l u s t e r meaning an a g g l o m e r a t e o f g a l a x i e s o r 
sys tems which show a c e r t a i n c o n n e c t i o n , and d e t e c t e d e i t h e r by a 
p e r c o l a t i o n a l g o r i t h m o r v i s u a l i n s p e c t i o n . 

These a s sumpt ions a re r e a s o n a b l e , however they a l s o r e f l e c t the 
l i m i t s o f our f i n d i n g s . Large s c a l e m o t i o n s would d i s t o r t the t o p o l o g y 
( l a r g e p e c u l i a r v e l o c i t i e s in c l u s t e r s a re e a s i l y r e c o g n i z a b l e ) and the 
s i z e and the form o f a s t r u c t u r e w i l l depend on the l eng th o f the 
p e r c o l a t i o n v e c t o r o r e q u i v a l e n t l y the d e n s i t y c o n t r a s t o v e r the mean. 
The volume o f the sample i t s e l f w i l l l i m i t the s i z e o f the s t r u c t u r e s 
which can be d e t e c t e d . 

F i n a l l y , a s i t has been o f t e n m e n t i o n e d , the word " s u p e r c l u s t e r " 
means d i f f e r e n t t h i n g s f o r d i f f e r e n t p e o p l e and the word " f i l a m e n t " i s , 
a t t i m e s , imprope r ly u s e d . 
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The r e g i o n o f Coma has a lways been one o f the most s t u d i e d r e g i o n s o f 
the s k y . I t i s o f some i n t e r e s t , t h e r e f o r e , t o compare the d i s t r i b u t i o n 
a s p u b l i s h e d by C h i n c a r i n i and Rood ( 1 9 7 5 ) about 10 y e a r s a g o , F igu re 1, 
w i th a c o m p i l a t i o n made by Gavazzi ( 1 9 8 6 ) , F igu re 2 . In a d d i t i o n t o the 
p u b l i s h e d r e d s h i f t s , in the p l o t a re i n c l u d e d about 110 new r e d s h i f t s 
o b t a i n e d a t A r e c i b o . The r i c h n e s s o f d e t a i l s , s t r u c t u r e s and c l u s t e r i n g 
and the improvement o v e r the y e a r s i s r emarkab le . 

12,000 

ιο,οοομ 

r(degrees) 

F i g u r e 1. The d i s t r i b u t i o n o f 
C h i n c a r i n i and Rood ( 1 9 7 5 ) . 

g a l a x i e s in the Coma r e g i o n , 

In t h i s c o n t e s t we show in F i g u r e 3 t he v e l o c i t y h i s t o g r a m p repa red 
abou t t en y e a r s ago a c c o r d i n g t o t h e c o m p i l a t i o n o-f r e d s h i f t s in Coma by 
Gregory and Thompson ( 1 9 7 8 ) . S t a t i s t i c a l l y we canno t d i s t i n g u i s h 
be tween 1 o r 2 g a u s s i a n f i t t i n g s . Gavazzi ( 1 9 8 6 ) i n d e p e n d e n t l y f i n d s 
the same t h i n g , F i g u r e 4 . The two g a u s s i a n i n t e r p r e t a t i o n has now an 
h i g h e r s i g n i f i c a n c e , however no t s o much b e c a u s e o f s t a t i s t i c s , bu t 
ma in ly b e c a u s e o f the f a c t tha t p a r t o f a f i l a m e n t ( o r p s e u d o - s h e l l ) may 
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R.A. 

F i g u r e 2 . The d i s t r i b u t i o n o f g a l a x i e s in Coma a s p r e p a r e d by 
Gavazzi ( 1 9 8 6 ) · In the p l o t we have 570 r e d s h i f t s most o f which a re 
from the l i t e r a t u r e . 110 r e d s h i f t s from A r e c i b o a re u n p u b l i s h e d . 

be l o c a t e d in f r o n t o f the c l u s t e r p r o p e r , F igu re 5 l e f t . The f i l a m e n t 
i s v i s i b l e , w i th v a r i o u s e x t e n s i o n , a l s o in the deep s u r v e y by de 
Lapparent e t al ( 1 9 8 6 ) , F i g u r e 6 . Such an i n t e r p r e t a t i o n w o u l d d e c r e a s e 
the v e l o c i t y d i s p e r s i o n o f the Coma c l u s t e r o f about a f a c t o r 1 .43 and 
the mass o f about a f a c t o r 2 . 

Comparison o f F i g u r e 5 l e f t w i th F i g u r e 5 c e n t e r and r i g h t shows tha t 
the v o i d b o u n d a r i e s s o s h a r p l y d e f i n e d in the f i r s t a r e p o o r l y v i s i b l e 
in the o t h e r two f i g u r e s . The wes t e rn wa l l i s w e l l d e f i n e d o n l y in 
F igure 5 . l e f t b e c a u s e o f the c o m p r e s s i o n in d e c l i n a t i o n and i t i s 
l a r g e l y due t o the e f f e c t o f the v e l o c i t y d i s p e r s i o n in the c l u s t e r 
A1367. I t i s a f l a g o f c a u t i o n . 

The w e l l o b s e r v e d s t r u c t u r e s in the P e r s e u s - P i s c e s r e g i o n ( G i o v a n e l l i 
e t a l , 1986) and Hydra-Centaurus ( d a C o s t a e t al 1986a, 1986b) a re 
d i s p l a y e d in F i g u r e s 7 , 8 and 9 . 

F i g u r e 8 has been o b t a i n e d u s i n g a p e r c o l a t i o n a l g o r i t h m on the two 
d imens iona l d i s t r i b u t i o n o f g a l a x i e s o f the ESO-Uppsala C a t a l o g u e 
( L a u b e r t s 1 9 8 2 ) . The Hydra s t r u c t u r e seems , u n l e s s we g o t o v e r y low 
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F i g u r e 3 . His togram o f the r e d s h i f t s f o r the Coma c l u s t e r a s 
p l o t t e d in 1979 ( a c c o r d i n g t o the da ta l i s t e d in Gregory and Thompson 
1978) 
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F i g u r e 4 . a ) R e d s h i f t s h i s t o g r a m ( 1 2 8 g a l a x i e s ) o f a 4 square 
d i g r e e s r e g i o n c e n t e r e d on the Coma c l u s t e r . b ) the same f o r A1367. 

F igu re 5 . L e f t : wedge diagram o f 465 g a l a x i e s in the r e g i o n o f 
Coma. Note the f i l a m e n t at about V = 5800 Km/sec fo rming the 
boundary o f a v o i d and l o c a t e d in f r o n t o f the c l u s t e r . Center and 
r i g h t : the two d i f f e r e n t c u t s in d e c l i n a t i o n show tha t the s t r u c t u r e o f 
the v o i d i s i r r e g u l a r a n d / o r tha t the c l u s t e r v e l o c i t y d i s p e r s i o n 
(A1367) may s i m u l a t e in pa r t the v o i d bounda ry . 
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Figu re 6 . The d i s t r i b u t i o n o f g a l a x i e s in the r e g i o n o f Coma 
be tween 2 6 : 3 0 and 3 2 : 3 0 d e g r e e s in d e c l i n a t i o n , a c c o r d i n g t o the da ta o f 
de Lapparent e t al ( 1 9 8 6 ) . 

Right Ascension (1950) 

F i g u r e 7 . The P e r s e u s - P i s c e s s u p e r c l u s t e r . T o p : the d e n s i t y 
d i s t r i b u t i o n o f g a l a x i e s a s seen p r o j e c t e d on the c e l e s t i a l s p h e r e . 
Bo t tom: The d i s t r i b u t i o n o f g a l a x i e s in depth ( r e d s h i f t ) . 
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F i g u r e 8 . The Hydra-Centaurus s t r u c t u r e a s a f u n c t i o n o f the 
p e r c o l a t i o n v e c t o r . The p e r c o l a t i o n v e c t o r i n c r e a s e s from the f i g u r e a t 
the t o p t o the f i g u r e a t the b o t t o m r i g h t ( 0 . 7 7 , 0 . 8 0 , 0 . 8 9 d e g r e e s ) . 
Note the l ack o f g a l a x i e s in the r e g i o n between 11 and 12 h o u r s in R . A . 
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F i g u r e 9* The r e g i o n Hydrae-Centaur i · T o p : r e d s h i f t d i s t r i b u t i o n in 
the two d imens iona l gap between Hydra and Centaurus ( s e e F i g u r e 8 ) from 
11 t o 12 h o u r s in R . A . and - 2 7 - 3 3 d e g r e e s in d e c l i n a t i o n . Bo t tom: 
r e d s h i f t d i s t r i b u t i o n in Cen tau rus : 1 3 ^ < R . A . < 1 4 h and - 3 3 ° < DEC < - 2 5 ° . 
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d e n s i t y l e v e l s , d i s c o n n e c t e d from the Centaurus s u p e r c l u s t e r . To t e s t 
f o r t h i s e f f e c t r e d s h i f t s were o b t a i n e d in the r e g i o n between 13 and 14 
h o u r s in R .A. and between - 2 5 and - 3 3 d e g r e e s in d e c l i n a t i o n . The 
compar i son between F igu re 9 t op and F igu re 9 bo t tom c l e a r l y shows that 
t h e r e i s a lack o f g a l a x i e s wi th the r e d s h i f t o f Hydra-Centaurus (Da 
Cos ta e t al 1986 b ) . 

S i n c e the mechanism o f f o r m a t i o n may have de t e rmined the p r e s e n t 
shape o f s u p e r c l u s t e r s i t became important t o de te rmine some s t r u c t u r a l 
pa ramete r s t o ea se the compar i son between o b s e r v a t i o n s and m o d e l s . 
Doubts on d i s k shaped s t r u c t u r e s have been e x p r e s s e d by Oort ( 1 9 8 3 ) and 
C h i n c a r i n i ( 1 9 8 2 ) and i t seems tha t at l e a s t in the P e r s e u s - P i s c e s 
s u p e r c l u s t e r t h e r e i s some e v i d e n c e o f a f i l a m e n t a r y s t r u c t u r e . 

The u n c e r t a i n t y on t h i s ma t t e r i s c l e a r l y apparent from a s ta tement 
by Oort ( 1 9 8 3 ) in h i s r e v i e w a r t i c l e , when he d i s c u s s e s the c e n t r a l 
s t r u c t u r e o f V i r g o : 
" i t may e i t h e r be an o b l a t e d i s t r i b u t i o n seen r o u g h l y e d g e - o n , 
o r p o s s i b l y a p r o l a t e f e a t u r e " 

An a n a l y s i s o f shape pa rame te r s has been c a r r i e d out on a c o m p l e t e 
sample w i th m < 1 4 . 5 by C h i n c a r i n i e t al ( 1 9 8 6 ) , s e e V e t t o l a n i e t al 
( t h i s c o n f e r e n c e ) . 

A ve ry p u z z l i n g p o s s i b i l i t y i s the e x i s t e n c e o f a g g l o m e r a t e s which 
e x c e e d by a r a t h e r l a r g e f a c t o r the s u p e r c l u s t e r i n g s c a l e s o f a r 
p r o p o s e d . That we have c o n t i n u i t y o r c o n n e c t i o n among c l u s t e r s and 
s u p e r c l u s t e r s at ve ry low g a l a x i a n d e n s i t y i s a r a t h e r o l d c o n c e p t and 
i n d i c a t i o n s were a v a i l a b l e s i n c e some t i m e . What i s new, and very 
impor tant i f the r e a l i t y can be c o n f i r m e d , i s tha t such c o n n e c t i o n and 
r e l a t e d a g g l o m e r a t e s form a v e r y l a r g e s c a l e s t r u c t u r e h a v i n g some 
p h y s i c a l s i g n i f i c a n c e o f i t s own. In o t h e r words i t may be a l a r g e r 
u n i t c e l l in the u n i v e r s e . 

We r e f e r in p a r t i c u l a r t o the l a r g e s t r u c t u r e embedding the Loca l 
S u p e r c l u s t e r i n d i c a t e d by T u l l y ( 1 9 8 6 ) . He s u g g e s t s tha t the l a r g e r 
s t r a t i f i e d and f l a t t e n e d s t r u c t u r e e x t e n d s in l a y e r s o f about 400 Mpc. 
The main and r i c h e r l a y e r would be in the p l a n e o f the s u p e r g a l a c t i c 
e q u a t o r . The geometry i s shown in F igu re 10 . 

I s t h i s a r e a l f a c t o r c o u l d i t be due t o an o b s e r v a t i o n a l b i a s ? 
Some p o s s i b l e b i a s e s a re the f o l l o w i n g : 
a ) The s u p e r g a l a c t i c p l a n e i s f a v o r e d by g a l a c t i c e x t i n c t i o n b e c a u s e 

i t i s l o c a t e d toward the nor th g a l a c t i c p o l e . We n o t i c e however tha t 
l ong ago de V a u c o u l e u r s ( 1 9 7 6 ) has g i v e n c l e a r e v i d e n c e tha t the p l a n e 
o f the Loca l S u p e r c l u s t e r i s no t due t o an e f f e c t o f o b s c u r a t i o n . I t 
seems t h e r e f o r e tha t a b i a s due t o g a l a c t i c o b s c u r a t i o n i s u n l i k e l y a l s o 
in t h i s c a s e . 

b ) The p e r c o l a t i o n a l g o r i t h m , o r any c l u s t e r i n g a l g o r i t h m , i s 
f a v o r e d in c o n n e c t i n g s t r u c t u r e s a c r o s s the zone o f a v o i d a n c e b e c a u s e o f 
1) g a l a c t i c e x c t i n t i o n , 2 ) the p r e s e n c e o f the b o u n d a r i e s d e f i n e d by the 
zone o f a v o i d a n c e 3 ) the i n c o m p l e t e n e s s o f the s a m p l e . 

That the c l u s t e r c a t a l o g s may be a f f e c t e d by not w e l l known 
o b s e r v a t i o n a l b i a s e s i t seems s u g g e s t e d by the r e c e n t work o f Shectman 
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S G X ( h * ^ 5 M p c ) 

Figure 10. Distribution of clusters of galaxies according to Tully 
(1986). The supergalactic plane is iT<SGX,S6Y). 
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(1985). The sample of clusters selected by Shectman from the 
Shane-Wirtanen galaxy counts shows that only 40% of these clusters are 
members of the Abell catalog. Shectman, furthermore, calls attention to 
an unexplained absence of clusters north of declination 57 degrees and 
to a lack of clusters in the range of galactic latitude between 40 and 
50 degrees. 

The evidence can be enforced or weakened only by future work, 
simulations and observations, and by complete and deeper samples. Some 
of the uncertainties will be probably resolved with the completion of 
the southern catalogue of clusters of galaxies, Abell, Corwin and Olowin 
(1987). 

Assuming however that these structures are real and not due to an 
unknown observational bias, the important fact is not so much the size ( 
we have other detections of large clusters of clusters) but the fact 
that the main plane of the structure is about parallel to the plane of 
the Local Supercluster. This calls for physical phenomena at the time 
of formation. Large scale clustering, up to 300 h Mpc has been 
evidenced by Batusky and Burns (1985a and 1985b), Bahcall and Soneira 
(1984), Bahcall and Burgett (1986). Indeed Abell (1961) in his analysis 
on the clustering of clusters gives an upper limit of about 1000 Mpc 
He clearly stated that the distribution of clusters of galaxies is 
non-random. 

Bahcall and Soneira (1983) put this fact on a very solid basis 
showing that the spatial correlation function of rich clusters of 
galaxies (Abell's catalogue) is approximately 18 times stronger than the 
correlation function of galaxies. 

What is also attractive is the simple explanation given by Bahcall 
(1986). This is the quantized version of the simple minded 
observational fact which has been often stated: clusters are embebbed 
in larger structures. 

Perturbations in density are necessarly related to perturbations in 
the Hubble flow so that large scale motions must be considered. These 
must ultimately be in agreement with thé dipole anisotropy observed in 
the microwave background. 

Fair understanding has been gained on the perturbations caused by the 
Virgo supercluster (for a comprehensive discussion on this matter see 
Tammann and Sandage 1985) while large uncertainties remain on larger 
scale motion. 

The latest attempt in clarifiyng this matter is the work by Burstein 
et al (1986). Using the magnitude related parameter , the diameter 
within which an elliptical galaxy reaches a mean surface brightness of 
20.75 Β mag arcsec"* , and the relation — ο ( σ is a measure of 
central velocity dispersion) the authors are able to predict distances 
to individual galaxies with accuracies of ± 2 3 % . With this new 
distance indicator and the accurate redshifts they interpret the 
observed systematic deviations from the Hubble flow as due to a bulk 
motion of approximately 700'km/s towards 1 =299 and b = 1 degrees for 
galaxies within 60 h"' Mpc of the Local Group, see Fig 11. 

The detected motion is in agreement with the motion derived using 
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Figure 11. Motions of elliptical galaxies (Burstein et al 1986) 
with respect to the microwave background reference frame. The peculiar 
motion is represented as a solid line for a velocity vector pointing 
away from the position of the Local Group and as a dashed line for a 
velocity vector pointing towards the Local Group. 
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other samples, that is the sample of spirals by Aarson et al (1982), via 
the infrared Tully Fisher relation, and the Rubin-Ford sample (Rubin et 
al 1976) 

Bahcall et al (1986 and these proceedings) using a complete sample of 
clusters of galaxies (subsample selected from the Abell Catalogue with 
D < 4 ( z<0.1) and R > 1 ) detect a strong asymmetry in the space 
distribution of cluster pairs. The strong elongation observed in the 
redshift direction corresponds to a velocity broadening of about 2000 
km/s among clusters pairs. 

The phenomenon, which appears to be real, is interpreted as partly 
due to the geometrical elongation of the superclusters along the line of 
sight. Peculiar velocities, on the other hand, could play a large role. 

With the present data it is impossible to disentangle or distinguish 
between the two effects. Only in one case, the Hercules supercluster is 
a clean magnitude redshift relation which shows that cluster members 
satisfy the Hubble relation and are endeed spread along the line of 
sight. 

It is unlikely, however, that the superclusters considered could be 
in equilibrium and that the velocity could be interpreted as due to a 
balance between kinetic energy and the gravitational potential energy. 
It seems more likely that such motions reflect perturbations in the 
Hubble flow due to overdensities or mass motions involving large volumes 
of space and reflecting primordial perturbations. 

Infact the large scale motions discussed by Burstein et al (1986), 
and previously by Rubin et al (1976), the infall to Virgo and the 
dispersion detected by Bahcall et al (1986) are probably all due the 
same mechanism. A dispersion of about 2000 km/s on a scale of about 
25 h 1 Mpc seems, however, rather large. 

3. VOIDS 

Recently attention has been focussed particularly on the regions of 
space which are void of galaxies, the "voids". 

After Chincarini and Martins (1975), Chincarini and Rood (1975), 
Gregory and Thompson (1978), Tifft and Gregory (1978), Tarenghi et al 
(1979) clearly showed that on large scale galaxian redshifts were 
segregated in rather well defined intervals, a distribution 
structure-void, it became clear that such empty regions could help in 
distinguishing among clustering models. 

The detection by Kirshner et al (1981) of a rather large void in 
Boot is convinced many of us that a pancake scenario, and related galaxy 
formation and evolution, could be the most likely explanation of the 
observed distribution of galaxies. 

Vettolani et al (1985) approached the problem statistically using a 
sample complete to m <14.5. In this study they came to the conclusion 
that 1) the voids observed in the sample used do not contradict a 
hierarchical distribution of matter in the universe and 2) the presence 
of large voids as the one detected in Bootes could be explained in a 
hierarchical realization. 
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Sol tan (1985) analyzed a similar sample, in this case a subsample of 
the Cfa redshift survey (Huchra et al 1982) with M <-20.5. As stated 
in Vettolani et al (1985) it is a matter of whether it is more reliable 
a sample with larger statistics and somewhat more complicated analysis 
or a sample with small statistics and a rather well defined volume. In 
practice Soltan (1985) reaches the same conclusions reached by Vettolani 
et al (1985) . If this is the case, voids could be a result of the 
gravitational clustering process and there is no need to invoke a 
special mechanism producing voids in the galaxy distribution: these 
form as a consequence of the clustering process. 

However, using the wording by Occhionero et al (1984) it is a matter 
to decide whether we are dealing with condensations surrounded by 
cavities or with cavities surrounded by condensations. 

Ikeuchi et al (1983)*and Ostriker and Cowie (1981) propose that 
galaxies, and related structures, form in an intergalactic medium 
dominated by explosions. In this case the structures, rather than the 
voids, came second. 

De Lapparent et al (1986), Fig. 6, claim that the distribution of 
galaxies observed in their sample ( m< 15 . 5 1 , a 6 times 117 degrees 
strip (0.2138 steradians) going through-the Coma cluster, appears to 
have a bubble like structure with the galaxies distributed on the 
surface of the bubble. The bubbles have, according to the authors, a 
typical diameter of 25 h"1 Mpc, R 12.5 h~1 Mpc. Another striking 
feature emphasized by the authors is the sharpness of the boundaries of 
the high density regions which surround the voids (see Geller, these 
proceedings). 

Statistics on voids, as we said, is rather scarce since a good 
understanding can be obtained only with deep samples, m 14.5, over 
large regions of the sky. 

Using the zero order approximation given in Vettolani et al (1985) 
the number of voids of a given volume expressed in units of V 0 , the 
volume of the sweeping vector (V c = 7 3 ), is 

N 1 4 , 5

(
 v / V o > = 3/2 ( V/V) N j (14.5) 

and the corresponding probability is 
P(> V/V 0) = 3/2 j" Ν (V/V0 ) = 

3/2Nj (14.5) (V/V0 ) 

Therefore, for the de Lapparent et al (1986) saniple we find 

N 1 5 5 = N 1 4 c ; * V 1 R V V 1 4 . = 3.98 * Ν 

1 5 . 5 1 4 5 1 5 4 5 1 4 , 5 1 4 5 

where the volume of the sample has been increased by the amount 

\ . / V s = 10 " Ί " - 1 * 3 . 98 

with N j << 14.5)~100 over 4 sterad (Vettolani et al 1985) we derive 

Ν - 43.9 
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The number of fields equivalent to the de Lapparent et al (1986) 
field in 4 steradians is 4 / 0.2138 = 18.71 and the number of expected 
25 h"1 Mpc diameter voids is 43.9 / 18.7 = 2.3, a sizable number even if 
computed in a zero order approximation. 

The number of voids observed in the de Lapparent et al (1986) sample 
is about 4. The approximate dimensions and volume as derived from their 
Figure 1 is shown in Table I. 

Table I 

void V V Volume 

km/s km/s 10 Mpc 

1 3000 1590 31.6 

2 8000 2400 19.3 

3 7900 2170 160.0 

4 9200 2000 23.7 

If the topology of these large structures is confirmed and the number 
of rather large voids increases when compared to the simple hierarchical 
distribution of galaxies it may be hard to avoid the conclusion that 
standard gravitational clustering models do not match the observations. 

While a bubble like structure may be somewhat unlikely, it seems that 
a sponge like structure is in agreement with most of the observations 
(see Gott, these proceedings). The data will show which one the 
universe preferred. See however Ruffini (these proceedings) for another 
interpretation. 

At the voids boundary we expect, both in the case of a hierarchy 
generated by gravitational phenomena and in the presence of cavities 
surrounded by superclusters (bubbles and shells) a galaxian density 
enhancement, Hoffmann et al (1983) (1983), Occhionero et al (1983), 
Peebles (1982) and Ostriker and Cowie (1981). 

While de Lapparent et al (1986) find some indication of over.density 
on the ridges, Soltan (1985), in a sample limited however at 14.5, but 
with a much larger volume, states that his analysis shows that galaxies 
do not create high-density regions around the voids. Any evidence on 
this is rather scanty also in view of the fact that one has to be 
careful 1 about the subtle effect of the velocity dispersion in groups 
and clusters, compare Fig. 2 with Fig. 12, where we have marked the 
presence of two groups. The alignment of the void wall, in the 
direction of the line of sight, is partly due to the velocity dispersion 
of the member galaxies. To better understand this and other problems 
related to the detailed structure of superclusters, via the Tully-Fisher 
relation we started years ago observations in the 21 cm line and 
infrared ( H band, Gornengrat and KPNO). 
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R.A. 

Dec. 26:30-32:30 

Figure 12. Galaxies in the Coma region with m <14.5 and declination 
between 26:30 and 32:30 degrees. The figure shows how velocity 
dispersion in galaxies which are members of a group may simulate a void 
boundary and complicate the understanding of the boundary density. 
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l.OOA 

L o g 1 0 θ (degree) 

Figure 13* The autocorrelation function for various morphological 
types in the Perseus Pisces supercluster (Giovanelli et al 1986). 
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3. MORPHOLOGY OF GALAXIES AND STRUCTURES 

Giovanelli, Haynes and Chincarini (1986), and references therein, 
have shown that the two points angular correlation function depends on 
the morphological type, Figure 13. That is late type galaxies are less 
clustered. Abell (1977) showed that it would be difficult to detect the 
Coma cluster by using solely spiral galaxies. In other words the more 
we go toward late types galaxies, the closer we approach a poissonian 
distribution. 

The distribution of dwarf galaxies is known accurately only for the 
region of the Virgo cluster, Sandage et al (198*), The 
distribution of dE galaxies is somewhat clustered, Figure 14 left, while 
the irregular galaxies almost do not cluster at all. Indeed Sandage et 
al (1985) observe a lack of dwarf irregulars in the region of maximum 
concentration of dE galaxies. The result is confirmed, clustering of 
dE, by autocorrelating the sample of galaxies in Virgo. 

The suggestion is that, unless we must distinguish between local and 
universal effects about the distribution of galaxies, the relation 
type-clustering strength holds down to the dwarf irregulars where any 
sign of clustering seems to be lost (note, however, that the sample is 
very small). Since dwarf galaxies are of low luminosity some 
correlation should be present also between clustering and magnitude. 

Searching the literature we found 4 galaxies with magnitude m > 14.5 
in the void of Figure 12. We did not, at present, a statistical search 
to check for the characteristics of faint galaxies in voids. In fact we 
do not have a good set of data, on the other hand we know that in other 
cases, Boot is void is one, going to fainter magnitudes we find a few 
faint galaxies in voids. The possibility is that dwarf galaxies may, to 
some extent, populate these regions of space and, perhaps, 
observational 1 y support the idea of biassed galaxy formation. 

However the question is: granted that we find some dwarf galaxies in 
the voids, are these galaxies located there because their formation is 
favoured by the low density region, whether or not dark matter is the 
solution to various cosmological problems, or because the distribution 
of dwarf galaxies does not show the dumpiness measured for bright 
galaxies. Virgo shows that regions of fairly high density of galaxies 
do not prevent the formation of dwarf galaxies. As for the type 
expected and number we must await for good data and for surveys similar 
to the one Binggeli (1985) is carrying out in non cluster fields. 

To this end, however, it is of some interest to look at the 
distribution of types, diameters and surface brightness of dwarf 
galaxies in Virgo. Table II has been prepared using the data of 
Binggeli et al (1985). The surface brighness has been computed using 
the simple relation SB = Β + 5 log D and at the distance of Virgo 
(m-M=^31.7) 20 arcsec correspond to about 2.1 Kpc. The sample 
incompleteness begins to be very strong at SB = 25.5 (Binggeli et al 
1986). Note however that their definition of surface brightness is not 
simple minded as the one above. The low surface brightness and small 
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Figure 14. Distribution of dwarf elliptical and irregular galaxies 
in Virgo according to Sandage et al (1985). 
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diameter make difficult the detection of the peak of the distribution. 
Finally to estimate the expectation in the voids we have to account 

also for the correlation between dwarf type and density since dwarf 
ellipticals are more clustered than irregulars. 

4. A CURIOSITY: MICRO-SUPERCLUSTERS 

We find of some interest that structures similar to the one we 
observe on the large scale in the Universe are also seen on much smaller 
scale. We are familiar with colloids and areosols. 

If we have particles of gold or nickel, with a diameter of the order 
of a few nanometers, in solution, the particles become ionized and repel 
each other. Such force dominates over the Van der Waal s forces and the 
solution is rather stable against any form of aggregation. The 
repulsive electrostatic forces, however, can be shielded (or 
neutralized) so that the Van der Waals attractive force acts when the 
particles are close to each other and form aggregates. In other words 
the solution is now unstable toward aggregation. As it is well known 
when large aggregates form, the solution becomes opaque and the 
aggregates deposit to the bottom. In Figure 15 is shown the 

Figure 15. A microsupercluster: agglomeration generated in a 
nickel colloid. From Jul lien et al (1985). 
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TABLE II 

<SB> dE dSO BCD Im 

19.5 0 0 0 0 
20.5 0 1 0 0 
21.5 2 8 0 0 
22.5 12 20 1 4 
23.5 127 18 16 14 
24.5 395 9 17 60 
25.5 453 6 6 51 
26.5 147 0 3 18 
27.5 11 0 1 0 

<D> dE dSO BCD Im 
arcsec 

20 411 1 21 21 
25 282 0 16 24 
35 204 2 12 23 
45 87 8 6 18 
55 71 3 4 16 
65 31 1 2 13 
75 21 6 1 8 
85 15 7 0 13 
95 8 3 0 3 
110 12 2 0 3 
130 5 12 0 5 
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reproduction of an aggregate of a colloid of Nickel prepared at Orsay by 
Mrs Belloni and J.L. Marignien and photographed with the electron 
microscope by J. P. Chevalier at Vi try (Jul lien et al 1985). 

The similarities with the distribution of galaxies on large scale is 
evident in spite of the fact that in this case the structures are 
somewhat more compact and large spaces exist among agglomerates. Are we 
learning something? 

We do not want to push the similarity too far, but stress that also 
in this case we are dealing with fractals whose characteristics can be 
studied using the developments of Mandelbrot and the structures may be 
interpreted in a hierarchical model (see figure on page 1337 of Julien 
et al 1985). 

This is an example of similarities between the micro and macrocosmos 
where similar structures are formed by forces of different nature. 
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DISCUSSION 

BURNS: Is there anything unusual about the galaxies at -3600 km/sec 
that fall within one of the Coma voids? In particular, how do they 
compare with the dwarf emission-line galaxies found in Bootes? 

CHINCARINI: The four galaxies I mentioned have been found in the 
literature and the published data are as follows: 

133624 + 2635 cz = 3994 Type = sp m. = 14.99 
125718 + 2303 3682 Ε nP = 16.81 (3.5 χ 1.2 Kpc) 
125706 + 2822 3651 SO nf = 17.20 
122648 + 2723 3819 — πζ = 15.10 

DENG: It seems that too many filaments of clusters and super-clusters 
are along the line of sight in the diagrams you showed. It seems to 
be unreasonable. Do you think there are any effects existing in the 
observation which could cause this kind of distribution? 

CHINCARINI: In the sample of Coma-A1367 I showed there are various 
groups, and the velocity dispersion of their members give the 
elongation, along the line of sight - I mentioned in the talk that 
in other cases distortions of the topology, at least in some regions, 
may be partly due to the large scale motion which various authors 
detected and similar to the one you referred to in the Hawaii meeting 
(see however R. Davies - this conference). However, I believe that the 
topological characteristics as found globally, probably sponge like, 
are by now demonstrated to be real. 

TULLY: I can provide an update of the work on extremely large-scale 
structure that was mentioned. The original published work was based 
on an analysis of 214 rich clusters with redshifts less than 0.1 c, 
whereas 375 such clusters are now known. The concentration to the 
supergalactic plane is even stronger in the most recent sample. Of 
order 100 rich clusters participate in a structure that extends across 
500 Mpc and has a FWHM thickness of 60 Mpc (H = 75). 
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