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ABSTRACT 

We present c o r r e l a t i o n func t ion r e s u l t s from galaxy and QSO r e d s h i f t 
s u r v e y s . The ga laxy c o r r e l a t i o n f u n c t i o n shows evidence f o r a p o s s i b l e 
' s h o u l d e r 1 f e a t u r e in ξ ( β ) a t s = 2h~^ Mpc. At s c a l e s between 10 and 
1 0 0 η _ 1 Μ ρ ο the c o r r e l a t i o n func t ion remains c l o s e to zero and shows 
no ev idence f o r any l a r g e s c a l e ga laxy c l u s t e r i n g . The QSO c o r r e l a t i o n 
f u n c t i o n d e t e c t s s t rong QSO c l u s t e r i n g f o r s c a l e s s < 10h"l Mpc. At 
l a r g e r s c a l e s (10 < s < 1000h" 1 Mpc) no evidence of s i g n i f i c a n t QSO 
c l u s t e r i n g i s s een . 

1 . INTRODUCTION 

The aim of t h i s paper i s to address the main i s s u e of t h i s conference ; 

to determine the ex ten t of the U n i v e r s e ' s l a r g e s c a l e s t r u c t u r e . We 

do t h i s f i r s t l y by r e p o r t i n g pre l iminary c o r r e l a t i o n a n a l y s i s r e s u l t s 

from a r e d s h i f t survey of ^ 700 Β £ 1 6 . 7 5 mag g a l a x i e s . Then we go 

on to d i s c u s s s i m i l a r r e s u l t s from a r e d s h i f t survey of ^ 400 Β ^ 21mag 

QSOs. 

2 . GALAXY REDSHIFT SURVEY RESULTS 

The ga laxy r e d s h i f t survey i s the Durham/SAAO survey of M e t c a l f e e t 
a l . ( 1 9 8 7 ) . This survey i s an e x t e n s i o n of the Durham/AAT R e d s h i f t 
Survey of Peterson e t a l . ( 1 9 8 6 ) and made in a s i m i l a r way except that 
a o n e - t h i r d sampling procedure was adopted so that a b i g g e r area of 
sky (nine 3 . 7 5 χ 3 . 7 5 deg^) f i e l d s could be observed in the g iven 
observ ing t i m e . The Β £ 1 6 . 7 5 mag l i m i t means that our average survey 
r e d s h i f t i s ζ ^ 0 . 0 5 (150h~l Mpc) . R e d s h i f t s f o r 263 g a l a x i e s were 
obta ined us ing a Ret icon d e t e c t o r on the SAAO 74" t e l e s c o p e and the 
v e l o c i t y accuracy i s ± 1 2 0 k m s ~ l . We inc lude in our ana lyses the f u l l y 
sampled Durham/AAT r e d s h i f t survey and a l s o the f u l l y sampled survey of 
^100 galaxies in a s i n g l e 5 . 4 χ 5 . 4 deg^ f i e l d of Parker e t a l . ( 1 9 8 6 ) 
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which was made i n very s i m i l a r f a s h i o n to our own. 

The 2 - p o i n t v e l o c i t y c o r r e l a t i o n f u n c t i o n ( ξ ( β ) ) r e s u l t s f o r t h i s 

15 f i e l d 700 ga laxy ) r e d s h i f t survey are shown in f i g u r e s la and l b . 

.1 1 _t 10 100 
s (h Mpc) 

Figure 1 ( a ) . The ga laxy c o r r e l a t i o n f u n c t i o n a t smal l s e p a r a t i o n s 

compared to o ther r e s u l t s and to s imple models ( see t e x t ) . 

(b) The ga laxy c o r r e l a t i o n f u n c t i o n a t l a r g e s e p a r a t i o n s . The 

s o l i d l i n e r e p r e s e n t s ξ ( β ) e x t r a p o l a t e d from the range 2<s<7h~ l Mpc. 

The dashed l i n e r e p r e s e n t s the A b e l l c l u s t e r ξ ( β ) . 

The r e s u l t s inc lude the c o n t r i b u t i o n from the c r o s s - f i e l d c o r r e l a t i o n 
f u n c t i o n which improves our e s t i m a t e a t s c a l e s l a r g e r than 40h~^ Mpc. 
The e r r o r bars come from s i m u l a t i o n s ; f i e l d - t o - f i e l d e r r o r s g i v e very 
s i m i l a r r e s u l t s . The c o r r e l a t i o n f u n c t i o n i s normal i sed us ing the 
average space d e n s i t y of g a l a x i e s in the sample; here as e lsewhere 
the assumption i s tha t the sample i s " f a i r " . 

From the smal l s c a l e r e s u l t s in Figure la we see that C ( s ) does 

not resemble a - 1 . 8 power-law with c l u s t e r i n g l e n g t h , r Q = 4 . 7 h ~ l Mpc 

( the s o l i d l i n e in Figure l a ) as expected from ξ ν ( σ , π ) ( P e e b l e s , 1979) 

a n a l y s i s of the smal l s c a l e c o r r e l a t i o n s in t h i s r e d s h i f t survey 

(Ha le -Sut ton e t a l . 1987) and from a n a l y s e s of angular surveys ( e . g . 

Groth and P e e b l e s , 1 9 7 7 ) . For s < 2 h " 1 Mpc t h i s r e s u l t i s expected 

s i n c e the e f f e c t of the known 300 kms"^ rms ga laxy v e l o c i t y d i s p e r s i o n 

i s to smooth out s m a l l - s c a l e c o r r e l a t i o n s . The dashed l i n e shows a 

model where t h i s smoothing has been taken i n t o account . Although t h i s 

model r easonab ly e x p l a i n s the s m a l l - s c a l e behaviour of C( s ) i t s t i l l 

s e r i o u s l y u n d e r - e s t i m a t e s the observed ξ ( β ) a t s c a l e s between 

2 < s < 7 h""l Mpc. The observed excess c o r r e l a t i o n r e p r e s e n t s a 

3 . 8 σ e f f e c t over t h i s model (Ha le -Sut ton e t a l . 1 9 8 7 ) . Such an e f f e c t 

was noted by Bean ( 1 9 8 3 ) and Shanks e t a l . ( 1 9 8 3 ) in the Durham/AAT 
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r e d s h i f t survey and i t i s a l s o seen in the new s u r v e y s . A l s o marked 
in Figure l a are the r e s u l t s from the Northern and Southern CfA surveys 
(Davis and P e e b l e s , 1 9 8 3 , D a v i s , 1987) and a l s o from the " s l i c e " survey 
of de Lapparent e t a l . ( 1 9 8 7 ) . I t i s apparent that a l l these surveys 
show a s i m i l a r l y enhanced ξ ( β ) amplitude ( r 0 ^ 7 h ~ ^ Mpc) in the range 
2 < s < 7h~l Mpc. As noted by Bean ( 1 9 8 3 ) such an enhancement could 
e x i s t in ξ ( τ ) as a r e a l s p a t i a l f e a t u r e and s t i l l be c o n s i s t e n t with 
the power-law form of the p r o j e c t e d c o r r e l a t i o n f u n c t i o n ; p r o j e c t i o n 
e f f e c t s in the presence of a "break" a t l a r g e r s e p a r a t i o n s can 
e f f i c i e n t l y smooth out such a "shoulder" f e a t u r e ( see a l s o Soneira 
& Peebles 1 9 7 8 ) . I f the observed behaviour i n d i c a t e d a non-power law 
f e a t u r e in the s p a t i a l c o r r e l a t i o n f u n c t i o n then i t s importance would 
be immense s i n c e , p r e v i o u s l y , the smooth behaviour of C ( s ) has always 
been taken as a s t rong argument f o r s c a l e - f r e e ga laxy c l u s t e r i n g (but 
see Shanks 1 9 7 9 ) . However, i t i s a l s o p o s s i b l e that such a f e a t u r e 
may on ly appear in the v e l o c i t y c o r r e l a t i o n f u n c t i o n , be ing caused 
by the e f f e c t s of i n f a l l or s treaming v e l o c i t i e s . The d e t e c t i o n of 
such i n f a l l would a l s o have important consequences f o r cosmology and 
i t w i l l be important to d i s c r i m i n a t e between these a l t e r n a t i v e 
e x p l a n a t i o n s . At present we conf ine o u r s e l v e s to the c o n c l u s i o n that 
the o b s e r v a t i o n a l case f o r the "shoulder" f e a t u r e i s becoming 
i n c r e a s i n g l y compel l ing a t l e a s t in the case of the v e l o c i t y 2 - p o i n t 
c o r r e l a t i o n f u n c t i o n , £(s). 

At l a r g e r s c a l e s ( s > 7h"^ Mpc) our C ( s ) breaks away to zero more 
q u i c k l y than a - 1 . 8 power-law ( see Figure l b ) . As can be seen the 
o b s e r v a t i o n s l i e ^ 2σ below the model wi th r 0 - 7h"^ Mpc in Figure l b . 
For s > 10h~l Mpc the c o r r e l a t i o n f u n c t i o n i s e s s e n t i a l l y zero wi th 
no d e v i a t i o n which i s s i g n i f i c a n t a t more than the 2σ l e v e l . Thus 
i f any l a r g e s c a l e s t r u c t u r e e x i s t s a t these s e p a r a t i o n s i t must con-
t r i v e to produce a ga laxy c o r r e l a t i o n f u n c t i o n which has C(s>10h~^ Mpc) 
£ 10% as a Ί σ u p p e r - l i m i t . This r e s u l t i s in disagreement wi th the 
s t rong p o s i t i v e c l u s t e r i n g shown at l a r g e s c a l e s by the A b e l l c l u s t e r s 
(Hauser & P e e b l e s , 1 9 7 3 , Bahca l l & Sone ira , 1983) whose ξ ( β ) r e s u l t 
i s shown as the dashed l i n e in Figure l b . One p o s s i b l e doubt about 
us ing c l u s t e r s to t r a c e the mass d i s t r i b u t i o n i s tha t t h e i r c o r r e l a t i o n 
f u n c t i o n ampli tude may be very prone to enhancement by s t a t i s t i c a l 
b i a s i n g of the type d e s c r i b e d by K a i s e r ( 1 9 8 4 ) . Of course i t i s s t i l l 
p o s s i b l e that very long wavelength f l u c t u a t i o n s have been f i l t e r e d 
out of the ga laxy r e s u l t by our use of a " l o c a l " ( i . e . depth ^ 
150h~l Mpc) background ga laxy d e n s i t y to normal i se ξ ( β ) . I f so then 
such f l u c t u a t i o n s can on ly e x i s t on s c a l e s l a r g e r than 150h~^ Mpc. 
In any case the e x i s t e n c e of such l a r g e s c a l e f l u c t u a t i o n s w i l l be 
t e s t e d us ing the QSO survey as d e s c r i b e d n e x t . 

3 . THE QSO REDSHIFT SURVEY 

The QSO r e d s h i f t survey was made us ing the f i b r e o p t i c coupler FOCAP 

(Gray, 1984) a t the A n g l o - A u s t r a l i a n T e l e s c o p e . S p e c t r o s c o p i c a l l y 

surveying 50 u l t r a - v i o l e t excess QSO candidates in a s i n g l e 9000 sec 
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1 10 , 1 0 0 1 0 0 0 
r ( h Mpc.) 

Figure 2 . The QSO c o r r e l a t i o n f u n c t i o n . The s o l i d l i n e r e p r e s e n t s 
the ga laxy c o r r e l a t i o n func t ion a t z ^ l . 5 p r e d i c t e d from a ' s t a b l e 1 

e v o l u t i o n a r y model , the dashed l i n e s s i m i l a r l y represent the A b e l l 
c l u s t e r ξ ( β ) under ' s t a b l e 1 and 'comoving' e v o l u t i o n a r y mode l s . 

exposure , Boyle e t a l . ( 1987a ) have i d e n t i f i e d ^ 400 0 < ζ < 2 . 2 QSOs 

in 32 4 0 ' diameter f i b r e f i e l d s s i t u a t e d in 7 randomly chosen UK 

Schmidt t e l e s c o p e f i e l d s in the Southern and Northern G a l a c t i c Caps. 

Unambiguous r e d s h i f t s were obta ined f o r 85% of the QSOs. R e s u l t s on 

the QSO l u m i n o s i t y f u n c t i o n and the c l u s t e r i n g c o r r e l a t i o n f u n c t i o n 

have a l r e a d y been presented (Boyle e t a l . 1987b , Shanks e t a l . 1 9 8 7 a ) . 

Here we d i s c u s s the p r e l i m i n a r y c l u s t e r i n g r e s u l t s from the extended 

survey of 400 QSOs. 

At sma l l s c a l e s ( s < 10h~l comoving Mpc, q Q = 0 . 5 ) we f i n d 

evidence f o r s t rong QSO c l u s t e r i n g . Whereas on a random h y p o t h e s i s 

we expect to f i n d 1 0 . 4 QSO p a i r s in t h i s s e p a r a t i o n range , we a c t u a l l y 

observe 25 ( independent) QSO p a i r s r e p r e s e n t i n g a 4 . 5 σ d e t e c t i o n of 

QSO c l u s t e r i n g . A model where c l u s t e r s are s t a b l e below a present 

day ξ ( β ) break s c a l e of 5h""l Mpc p r e d i c t s 1 1 . 5 QSO p a i r s and even a 

comoving e v o l u t i o n a r y model p r e d i c t s on ly 1 5 . 6 QSO p a i r s in t h i s range . 

Thus the QSO c l u s t e r i n g seems s i g n i f i c a n t l y s t ronger than would be 

p r e d i c t e d by these s imple mode l s . On the o ther hand as can be seen 

in Figure 2 the QSOs seem l e s s c l u s t e r e d than would be p r e d i c t e d by 

reasonab le e v o l u t i o n a r y models f o r the A b e l l c l u s t e r ξ ( β ) a t our 

average r e d s h i f t of 1 . 5 (with 60 and 159 QSO p a i r s p r e d i c t e d wi th 

s < 10h~l Mpc in s t a b l e and comoving e v o l u t i o n a r y m o d e l s ) . One i n t e r -

p r e t a t i o n of t h i s r e s u l t i s that the p r e f e r r e d QSO environment may 

be r i c h e r than average ga laxy groups i . e . an in termedia te environment 
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between the f i e l d and r i c h c l u s t e r p o p u l a t i o n s . Some support f o r t h i s 
i n t e r p r e t a t i o n comes from the work of Yee & Green 1984 who found t h i s 
r e s u l t from CCD imaging o b s e r v a t i o n s around low r e d s h i f t QSOs ( see 
a l s o paper by Boyle e t a l . 1 9 8 7 , t h i s v o l u m e ) . However, i t could s t i l l 
be tha t QSOs are randomly sampling a ga laxy d i s t r i b u t i o n which i s 
e v o l v i n g d i f f e r e n t l y from the s imple models cons idered above . The 
extended survey should a l l o w some d i s c r i m i n a t i o n between the v a r i o u s 
models from d i r e c t o b s e r v a t i o n of the e v o l u t i o n of ξ ( β ) with r e d s h i f t . 
The p r e l i m i n a r y r e s u l t i s t h a t , in c o n t r a s t to the c la im by Shaver 
e t a l . ( 1 9 8 7 , t h i s volume) who used a d i f f e r e n t d a t a s e t , a non-evo lv ing 
comoving ξ ( β ) of l a r g e r amplitude than £ g g ( s ) i s s t i l l c o n s i s t e n t with 
our data but the s t a t i s t i c s may s t i l l be too poor to r u l e out any model . 
A f u l l d i s c u s s i o n of the c o n s t r a i n t s on the e v o l u t i o n of the QSO 
c o r r e l a t i o n f u n c t i o n w i l l be g iven e lsewhere (Shanks e t a l . 1 9 8 7 b ) . 

At l a r g e r s c a l e s Figure 2 shows that there i s no s i g n i f i c a n t 
ev idence of QSO c l u s t e r i n g a t any s e p a r a t i o n l a r g e r than 10h~l Mpc. 
The amount of l a r g e s c a l e c l u s t e r i n g shown by the QSOs i s aga in much 
s m a l l e r than shown by the A b e l l c l u s t e r s and i s much more in l i n e with 
the r e s u l t g iven by the g a l a x i e s . The QSO data have the advantage 
of sampling s t r u c t u r e over a huge r e d s h i f t range (0 < ζ < 2 . 2 ) and 
i s t h e r e f o r e even l e s s l i k e l y than the ga laxy data to be b i a s e d by 
' l o c a l 1 f e a t u r e s . I t i s t h i s l a r g e r e d s h i f t range which enables us 
to r e l i a b l y e s t i m a t e ξ ( β ) in the range 100 < s < 1000h""* Mpc; on ly 
QSOs are capable of d i r e c t l y probing the homogeneity of the Universe 
a t these s c a l e s . I t should be noted that the average r e d s h i f t of 
the QSO survey i s "ζ ^ 1 . 5 and there may have been s i g n i f i c a n t amounts 
of e v o l u t i o n in ξ ( β > 10h~l Mpc) b e f o r e the present day e s p e c i a l l y 
in the Ω 0 = 1 model . Again the extended survey w i l l a l l o w us to d i r e c t l y 
i n s p e c t the amount of e v o l u t i o n a t l a r g e s c a l e s as a f u n c t i o n of r e d -
s h i f t and t h i s work i s a l s o c u r r e n t l y in p r o g r e s s . 

4 . CONCLUSIONS 

Our ga laxy r e d s h i f t survey data ( M e t c a l f e e t a l . 1987) has g iven 

ev idence f o r a non power-law "shoulder" f e a t u r e in the v e l o c i t y 

c o r r e l a t i o n f u n c t i o n , ξ ( β ) f o r 2 < s < 7h~l Mpc. I f a r e a l s p a t i a l 

f e a t u r e then t h i s would be evidence that the ga laxy d i s t r i b u t i o n i s 

not s c a l e - f r e e . I f the f e a t u r e i s caused by p e c u l i a r v e l o c i t i e s then 

i t could be taken as a d e t e c t i o n of i n f a l l of g a l a x i e s i n t o c l u s t e r s . 

At s > 7h~l Mpc the ga laxy c o r r e l a t i o n f u n c t i o n breaks away to zero 

and f o r 10 < s < 100h~l Mpc no s i g n i f i c a n t evidence f o r ga laxy 

c l u s t e r i n g i s seen . 

The QSO r e d s h i f t survey (Boyle e t a l . 1987a) g i v e s a 4 . 5 σ d e t e c t i o n 

of QSO c l u s t e r i n g a t s < 10h" 1 Mpc (comoving) a t a l e v e l s t r o n g e r than 

that expected for g a l a x i e s on s imple assumptions about ga laxy 

c l u s t e r i n g e v o l u t i o n . In the range 10 < s < 1000h~l Mpc no s i g n i f i c a n t 

ev idence f o r any c l u s t e r i n g in the QSO s p a t i a l d i s t r i b u t i o n i s d e t e c t e d . 

Thus a t l a r g e s c a l e s both the ga laxy and QSO c o r r e l a t i o n f u n c t i o n s 
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d e t e c t no new evidence f o r l a r g e s c a l e s t r u c t u r e . Although these 
r e s u l t s do not r u l e out the e x i s t e n c e of l a r g e s c a l e s t r u c t u r e they 
do sugges t tha t the power in the l a r g e s c a l e f l u c t u a t i o n s may be 
s m a l l e r i f g a l a x i e s and QSOs prove to be b e t t e r t r a c e r s of the U n i v e r s a l 
mass d i s t r i b u t i o n than A b e l l c l u s t e r s . 
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