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A B S T R A C T . T w o slices o f the Center for As t rophys i c s ( C f A ) redshift survey ex-

tens ion are n o w c o m p l e t e . T h e survey indicates that galaxies are d is t r ibuted o n the 

th in surfaces o f "bubble- l ike" s t ructures . T h e vo id s in the survey have diameters 

as large as 5,000 k m s _ 1 . These s t ructures chal lenge theories for the fo rmat ion o f 

large-scale s t ructure in the universe and suggest new approaches t o several p r o b l e m s 

in the field. 

1. I N T R O D U C T I O N 

E a c h o f the large redshift surveys c o m p l e t e d dur ing the last ten years has caused 

significant evo lu t ion in ou r unders tanding o f the nature o f the d is t r ibut ion o f galax-

ies. A perusal o f the v o l u m e s f r o m the the I A U S y m p o s i a in Tal l inn and K o l y m b a r i 

c lear ly demons t ra tes the cont inu ing change in perspec t ive (Longa i r and Einas to 

1978; A b e l l and Chincar in i 1982) . In Tal l inn, Joeveer and Einas to (1978) suggested 

that the large-scale d is t r ibut ion o f galaxies has a "cellular" pa t te rn in w h i c h rich 

clusters are c o n n e c t e d b y "fi lamentary" s t ructures . T h e da ta at that t ime were 

i n c o m p l e t e a n d o n l y adequa te t o hint at such s t ructure . B y 1982, the year o f 

the mee t ing in Cre te , several large redshift surveys were under w a y and s o m e were 

c o m p l e t e (Dav i s , Huchra and L a t h a m 1983; Kirshner et al. 1983 ( K O S S ) ; Giovanel l i 

1983) . V o i d s , par t icular ly ones as large as that in B o o t e s , and filaments like the 

o n e in the Pisces-Perseus reg ion were the apparent features o f the d is t r ibut ion in 

redshift space w h i c h c o m m a n d e d the a t tent ion o f b o t h theorists and observers . T h e 

ub iqu i ty o f such large-scale features was no t clear . 

S ince the mee t ing in K o l y m b a r i , the n u m b e r o f measured redshifts has m o r e 
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than d o u b l e d . T h e r e are n o w approx ima te ly 20,000 galaxies wi th measu red red-

shifts in the ca ta log main ta ined at the C f A (Center for As t rophys i c s ; Huch ra et al. 

1987a) . R e c e n t l y c o m p l e t e d surveys cont inue t o m o d i f y our p ic ture o f the large-

scale d i s t r ibu t ion o f galaxies . T h e deep surveys o f K o o , K r o n , M u n n , and Szalay 

(1987) indica te that large vo id s are c o m m o n at h igh redshift. T h e A A T surveys 

also reveal vo id s and thin s t ructures perpendicu la r t o the line-of-sight (Pe te r son 

et ai 1 9 8 6 ) . T h e cont inu ing A r e c i b o survey delineates nearby vo ids and suppo r t s 

the in terpreta t ion o f the s t ructure in Pisces-Perseus as a "one-d imens iona l" fila-

men t (Haynes and Giovanel l i 1986; Giovanell i et al. 1986) . In this v o l u m e , D r . 

Chincar in i (1987) reviews these and a hos t o f o ther observa t ions . T h e ex tens ion 

o f the C f A redshift survey, the subjec t o f this talk, indicates that br igh t galaxies 

are d is t r ibuted o n thin sheets — two-d imens iona l s tructures — w h i c h su r round (or 

near ly su r round) vast v o i d s . Large structures appear t o b e a c o m m o n feature o f all 

surveys large e n o u g h to con ta in t h e m . 

T h e cont inua l ly changing p ic ture reflects the a t tent ion wh ich has b e e n pa id t o 

the des ign o f redshift surveys . Each o f the surveys men t ioned so far exp lo res a 

n e w reg ime in a sor t o f "phase space" for observat ions o f large-scale s t ruc ture . A 

conven ien t set o f parameters for c o m p a r i n g surveys are effective dep th , m a x i m u m 

angular scale cove red (sol id angle is a less telling measure — the shape o f the 

survey is i m p o r t a n t ) , and s ignal- to-noise ( the n u m b e r o f galaxies available t o define 

the s t ruc tures ) . Surveys like the K O S S survey (Kirshner et al. 1986) o f B o o t e s 

w h i c h consis t o f w ide ly separa ted smal l p r o b e s are an efficient w a y o f finding large 

v o i d s . However , they have l o w "signal- to-noise" because they they cover o n l y a smal l 

f ract ion o f the v o l u m e spanned b y the p r o b e s . Surveys like the C f A survey ex tens ion 

(Huchra et al. 1987b) w h i c h are c o m p l e t e over a region o f large angular scale are 

less efficient for identifying large v o i d s , b u t they are necessary for quant i ta t ive 

charac ter iza t ion o f the d is t r ibut ion o f galaxies over a range o f scales. 

2 . D E S C R I P T I O N O F T H E S U R V E Y 

T h e goa l o f the C f A redshift survey extens ion is t o measure redshifts for all 

galaxies in a m e r g e o f the Zwicky et al. (1961 - 1968) and Ni lson (1973) ca ta logs 

w h i c h have m ß ( 0 ) < 15.5 and \bu\ ^ 4 0 ° . The re will b e ~ 12,000 galaxies in 

the c o m p l e t e survey; 5,500 redshifts have already been measured . A b o u t 1,800 o f 

these galaxies w i th measured redshifts lie in the "slices" for w h i c h the survey is n o w 

c o m p l e t e : (1) a slice wi th Sh < a < 17h and 26 .5° < δ < 32 .5° (de Lappa ren t , 

Gel ler , and Huchra 1986) and (2) a slice wi th Sh < a < 17h and 32 .5° < 6 < 3 8 . 5 ° . 

M o r e than 6 0 % o f the redshifts were measured wi th the M o u n t Hopk ins 1.5-meter 

and the M M T . T h e m e a n external error in these measurements is ~ 30 k m s _ 1 . 

F igure 1 s h o w s the pos i t ions o f the galaxies f rom the Zwicky-Ni l son m e r g e w h i c h 

have m B ( o ) < 15 .5 , Sh < a < 17h and 8.5° < δ < 5 0 . 5 ° . T h e gr id is Car tes ian in α 
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and δ. T h e def ic iency o f galaxies west o f 9 h and east o f 16 is caused b y Galac t ic 

obscu ra t i on . T h e b o l d ticks indicate s h o w the loca t ion o f the t w o c o m p l e t e survey 

str ips. T h e C o m a cluster is the dense reg ion at 13h in the 6 ° s tr ip. 

5 0 . 5 ° 

% 3 2 . 5 ° 

Ο 
2 6 . 5 ° 

B . 5 ° 

7031 galaxies m ^ 15.5 

1 7 * 1 6 h 1 5 Ä U ' 1 1 3 h 1 2 h 1 l h 1 0 Ù 9 * 8 h 

right ascension 

Figure 1. Pos i t ions o f galaxies in the Z w i c k y - N i l s o n m e r g e 

w i t h m B ( o ) < 1^.5, 8h < α < 17h and 8.5° < δ < 5 0 . 5 ° . 

T h e b o l d t icks indicate the decl ina t ion l imits o f the c o m p l e t e 

redshift survey str ips. 

3. T O P O L O G Y O F T H E G A L A X Y D I S T R I B U T I O N 

Observa t ions for the first strip o f the survey were c o m p l e t e d dur ing the spr ing 

of 1986. F igure 2a is a p lo t o f the obse rved ve loc i ty versus right ascens ion: the str ip 

is 6 ° thick in dec l ina t ion . T h e p lo t includes o n l y the 1067 galaxies w i th veloci t ies 

less than 15,000 k m s - 1 . A ga laxy wi th the character is t ic luminos i ty M * = —19.4 

( H 0 = 100 k m s " 1 M p c " 1 ; Davis and Huchra 1982) is at 10,000 k m s _ 1 in this 

survey. 

In F igure 2a, near ly every ga laxy wi th a ve loc i ty less than 10,000 k m s - 1 is in 

an ex tended thin s t ructure . T h e boundar ies o f the e m p t y regions are remarkably 

sharp. Several o f the e m p t y regions are su r rounded b y thin s t ructures in w h i c h the 

separation o f galaxies is small c o m p a r e d wi th the extent o f the enc losed v o i d . T h e 

edges o f s o m e o f the largest s t ructures m a y b e ou t s ide the r ight ascens ion l imits 

of the survey. T h e o n l y p r o n o u n c e d ve loc i ty finger in the d is t r ibu t ion is the C o m a 

cluster at ~ 13h. 

T h e thin structures in the d is t r ibut ion o f galaxies are cu ts t h rough t w o - d i m e n -

sional sheets; in this slice the s tructures are not one -d imens iona l filaments. If the 
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F i g u r e 2a . ( t o p ) O b s e r v e d ve loc i ty versus right ascension for the c o m p l e t e 

survey str ip centered at δ = 2 9 . 5 ° . T h e str ip ex tends for 6 ° in dec l ina t ion . 

O n l y the galaxies w i th veloci t ies < 15,000 k m s - 1 are s h o w n . F i g u r e 2 b . 

( b o t t o m ) S a m e as a ) b u t for galaxies in the 6 ° dec l ina t ion str ip cen te red 

at 3 5 . 5 ° . 
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right ascension 

F i g u r e 3. ( t o p ) Obse rved ve loc i ty versus right ascension for the t w o c o m -

plete strips s h o w n separately in Figures 2a and 2 b . F i g u r e 4. ( b o t t o m ) 

Obse rved ve loc i ty versus right ascension for the survey str ip centered at δ 

= 29 .5° (see F igure 2a) bu t wi th a magn i tude limit m # ( 0 ) = 14.5 . 
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~ 150 M p c long s t ructure wh ich ex tends across the entire survey ( f rom 9h t o 16h 

b e t w e e n 7,000 k m s _ 1 and 10,000 k m s _ 1 ) is a fi lament, a thin linear s t ructure 

shou ld b e v is ib le in p ro jec t ion o n the sky. T h e r e is n o such s t ructure in F igure 

1 (see de Lapparen t , Geller and Huchra 1986) . Because s tructure o n the sky can 

b e caused b y pa t chy obscu ra t ion a n d / o r b y inhomogenei t ies in the ga laxy ca ta log , 

s t ructure in the d is t r ibut ion o n the sky canno t p rov ide c o m p l e t e p r o o f (or d i s p r o o f ) 

o f the filamentary nature o f a s t ructure in redshift space . A s e c o n d a rgument 

against the filamentary nature o f the structures in Figure 2a is that several thin, 

e longa ted s t ructures lie in the survey slice: the intersect ion o f a thin slice w i th a 

three-d imens ional ne twork o f filaments is a priori unlikely t o b e a two-d imens iona l 

ne twork o f filaments. O f course , w e c o u l d have been lucky (or u n l u c k y ) . 

A "bubble- l ike" s t ructure in wh ich the galaxies lie o n thin surfaces su r round ing 

vo id s accoun t s for the data . In such a structure, a lmost all slices wil l r esemble F igure 

2a. In this m o d e l , the 150 M p c "filament" is m a d e u p o f po r t ions o f the surfaces 

o f adjacent "bubb le s " and clusters like C o m a lie in the interstitial regions (where 

several " b u b b l e s " c o m e toge the r ) . W e observe few, if any, p r o n o u n c e d ve loc i ty 

fingers p o k i n g t h rough the shells. 

M a p s o f adjacent slices suppor t this geomet r ic p ic ture o f the s t ructure . Dur ing 

the spr ing o f 1987, w e c o m p l e t e d the survey in the slice centered at δ = 3 5 . 5 ° , jus t t o 

the no r th o f the strip in Figure 2a. F igure 2 b shows the ve loc i ty d is t r ibu t ion in the 

s e c o n d sl ice. O n c e again m o s t o f the galaxies are in thin s tructures. Fur the rmore , 

these s t ructures are a natural ex tens ion o f the structures in Figure 2a; the s t ructures 

are h ighly cor re la ted in the t w o slices. T h e t w o c losed structures at ~ l l h (9 ,000 

k m s " 1 < ν < 11,000 k m s " 1 ) and at 14h (7 ,000 k m s " 1 < ν < 11,000 k m s " 1 ) in 

F igure 2a are n o t clearly del ineated in F igure 2 b . Sampl ing o f these s t ructures m a y 

b e affected b y variat ions in the m a g n i t u d e limit o f the ca ta log . 

F igure 3 shows the ve loc i ty d is t r ibut ion for the t w o c o m p l e t e strips taken t o -

gether . T h e d is t r ibut ion remains remarkably i n h o m o g e n e o u s wi th e m p t y v o i d s ou t -

l ined b y thin s t ructures . Because the surfaces are cu rved or incl ined, the s t ructures 

are thicker here than in Figures 2a and 2 b . T h e curvature or incl inat ion is m o s t 

no t i ceab le for the smal l v o i d wh ich is centered at 1 3 / l 2 0 m and ~ 3,500 k m s _ 1 (in 

front o f the C o m a c lus te r ) . T h e d iameter o f this s t ructure is ~ 2,000 k m s - 1 . T h e 

largest l o w densi ty reg ion in the survey is loca ted be tween 1 3 / l 2 0 m and 17h w i th 

4 ,000 < ν < 9 ,000 k m s " 1 . T h e d iameter is ~ 5,000 k m s " 1 (50 M p c in the absence 

o f large-scale flows). T h e underdens i ty in this region ( is 2 0 % o f the m e a n ) is c o m -

parab le w i th the recent est imates for the v o i d in B o o t e s . T h e galaxies inside the 

s t ructure w h i c h are at similar veloci t ies in Figures 2a and 2 b m a y f o r m a tenuous 

s t ructure . 

It is ins t ruct ive t o c o m p a r e these n e w surveys wi th the informat ion available 

f r o m the C f A survey (Davis et al. 1982; Huchra et al. 1983) t o a l imit ing m a g n i t u d e 
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mB(o) — 14.5 . F igure 4 shows the slice centered at 29 .5° t o this l imit . Here an M * 

ga laxy has a ve loc i ty o f ~ 6000 k m s - 1 . Because the "effective dep th" o f the earlier 

survey is c o m p a r a b l e wi th the size o f the largest s t ructures in Figures 2a - 3, these 

s t ructures c o u l d no t b e de tec ted . 

T h e nearby small v o i d centered at 13h 2 0 m and 3500 k m s - 1 can b e seen in b o t h 

Figures 2a and 4 . T h e fainter galaxies in F igure 2a p o p u l a t e the s ame thin s t ructure 

w h i c h is jus t bare ly de tec tab le in F igure 4 . N o t e that the fainter galaxies fill in gaps 

a long the per imeter o f the v o i d s . T h i s c o m p a r i s o n and o ther deep p r o b e s t h rough 

the 29 .5° sl ice ( P o s t m a n , Huchra and Geller 1986) indica te that the d is t r ibut ion 

o f galaxies is independen t o f absolu te luminos i ty for M ß ( 0 ) ^ -17 .4 . T h e change 

in the fract ional cove rage o f the per imeter o f the v o i d as a fui ict ion o f luminos i ty 

is a p r o b l e m for a t t empts t o dist inguish be tween "sponge- l ike" ( G o t t 1987; G o t t , 

M e l o t t , and Dick inson 1986; Hami l ton , G o t t , and We inbe rg 1987) and "bubble - l ike" 

s t ructures . Because the fractional coverage o f the surface area o f any part icular v o i d 

is p o o r l y def ined, it is difficult t o identify the border l ine be tween the t w o topo log ie s . 

T h e 2 1 - c m da ta (Haynes and Giovanel l i 1986) also reveal sheet-like structures 

in the Perseus-Pisces reg ion . T h e effective "s ignal- to-noise" o f the da ta is s o m e w h a t 

lower for these surveys — on ly a b o u t 5 0 % o f the galaxies in a sample l imi ted t o 
m B ( o ) ~ 15.5 a r e readi ly de tec tab le at 2 1 - c m . T h e smaller area A A T surveys 

(Peterson et al. 1986) p r o v i d e further ev idence o f similar s tuctures . 

4. I M P L I C A T I O N S 

O n e o f the impor t an t impl ica t ions o f the survey is o b v i o u s f r o m inspec t ion o f 

Figure 3: the inhomogene i t i e s in the d is t r ibut ion o f galaxies are large c o m p a r e d even 

with the t w o slices taken toge ther , a s amp le c o m p a r a b l e in v o l u m e w i th the w h o l e 

CfA survey t o m ß ( 0 ) = 14.5 . T h e n e w da ta are a clear demons t r a t ion that these 

samples are no t large e n o u g h to b e "fair". F igure 5 p rov ides a m o r e quant i ta t ive 

demons t ra t ion o f the signif icance o f thé large-scale departures f r o m h o m o g e n e i t y 

in the sample . T h e ve loc i ty h i s tog ram for the t w o slices differs marked ly f rom the 

distr ibution (sol id curve) p red ic ted wi th luminos i ty funct ion parameters f r o m the 

niB(o) < 14.5 s ample (φ* = 0.014 M p c " 3 , M * = - 19.4, α = - 1.3). T h e departures 

are d o m i n a t e d b y the large nearby vo ids and b y the s t ructures w h i c h run across 

the survey be tween 7,000 and 10,000 k m s - 1 , no t b y the c o r e o f the C o m a cluster 

which cont r ibutes o n l y ~ 100 galaxies t o the h i s tog ram. 

It is sober ing that the largest s tructures w e obse rve in the C f A survey ex tens ion 

are the largest w e can detec t wi th in the constraints p l a c e d b y the d e p t h o f the 

survey. T h e size o f the inhomogenei t ies relative t o the v o l u m e o f surveys m a y 

underlie unexp la ined variat ions in t radi t ional statistics o f the ga laxy d is t r ibu t ion 

like the luminos i ty funct ion (Schechter 1976; K O S S 1983; B e a n et αϊ. 1983; Davis 
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and Huchra 1982) and the two-po in t corre la t ion funct ion at large scale (cf. G r o t h 

and Peebles 1977; Davis and Peebles 1983; Kirshner , Oemle r , and Schechter 1979; 

Shanks et al. 1983 ) . W h e n the inhomogenei t ies are large c o m p a r e d w i th the s ample 

v o l u m e , m e a n quanti t ies are no t well-defined. 

200 

Ν lOOh 

I 1 I I 1 I 

5 10 

V (1000 k m / s ) 

15 

F i g u r e 5. T h e ve loc i ty d is t r ibut ion for the entire c o m p l e t e 

s a m p l e d isp layed in F igure 3. T h e s m o o t h curve is the dis-

t ibu t ion e x p e c t e d for a un i fo rm ga laxy dis t r ibut ion w i th the 

luminos i ty funct ion parameters der ived f r o m the C f A survey 

t o m ß ( o ) = 14.5 . 

In the absence o f a "fair" s ample , there are s o m e statist ical measures o f the 

proper t ies o f indiv idual s t ructures w h i c h m a y b e useful for c o m p a r i n g the da ta 

w i th s imula t ions (see de Lapparen t 1986; de Lapparen t , Gel ler , and H u c h r a 1 9 8 7 ) . 

B o t h the v o i d s and the surfaces m a y b e charac ter ized quanti tat ively. T h e frequent 

m e n t i o n o f the "size" o f the v o i d in B o o t e s is a demons t r a t i on o f the p o w e r o f a 

measure o f the scale o f the largest obse rved s t ructures . T h e d is t r ibu t ion o f sizes 

o f v o i d s is an impor t an t test o f m o d e l s ( the theoret ical s i tua t ion is r ev iewed b y 

D r . Dekel (1987) in this v o l u m e ) ; the small-scale end is a cons t ra in t o n h o t dark 

ma t t e r m o d e l s ( Z e l ' d o v i c h 1970; Doroshkev i ch et al. 1980; Centre l la and M e l o t t 

1983) and the large-scale end is the m o s t d e m a n d i n g for c o l d dark ma t t e r m o d e l s 

(Dav i s et al. 1985) and for the exp los ive m o d e l s (Ostr iker and C o w i e 1981; Ikeuchi 

1981; Saar inen, Dekel , and Car r 1986 ) . De te rmina t ion o f the d i s t r ibu t ion o f sizes 

o f v o i d s requires samples m u c h larger than those current ly available. 

If r ich clusters lie in interstices be tween large v o i d s , the c luster cor re la t ion 

func t ion (Hauser and Peebles 1973; Bahca l l and Sonei ra 1983; P o s t m a n , Gel ler , 
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a n d Huchra 1986) reflects the s p e c t r u m o f v o i d s . T h e puzzl ing contras t be tween 

ind iv idua l galaxies and clusters o f galaxies as tracers o f the large-scale mat te r dis-

t r ibu t ion (cf. Kaiser 1984) will p r o b a b l y on ly b e clearly resolved w h e n ga laxy and 

cluster redshift surveys over lap sufficiently. 

A n o t h e r interesting and poss ib ly measurab le character is t ic o f the vo ids is the 

e longa t ion a long the line-of-sight. If the densi ty inside is l ow c o m p a r e d wi th the 

average sur roundings , the vo ids shou ld b e expand ing relative t o the average c o s -

m o l o g i c a l flow and the s tructures shou ld appear a longa ted in redshift space . T h e 

m a g n i t u d e o f the flow depends u p o n the details o f the under ly ing phys ics for the 

fo rma t ion o f the s tructures (Peebles 1982; Hoffman, Salpeter , and Wasse rman 1983; 

Ber tschinger 1985 ) . In a large e n o u g h sample conta in ing m a n y vo id s the intrinsic 

spat ial g e o m e t r y o f the vo ids wil l average ou t and any net e longa t ion a long the line-

of-sight m a y b e interpreted as the result o f residual expans ion . T h e measurement 

o f d is tances t o galaxies in the s tructures offers a m o r e direct p r o b e for large-scale 

flows assoc ia ted wi th the exis tence o f v o i d s . M a n y spiral galaxies lie in the ex tended 

sheets offering the poss ib i l i ty o f using the infra-red Tul ly-Fisher t echnique ( A a r o n -

son , Huchra , and M o u l d 1979) t o ob ta in l imits at the few hundred k i lometer per 

s e c o n d level over scales o f fifty megaparsecs . 

T h e thinness ( ^ 500 k m s - 1 ) and cohe rence o f the surfaces p r o v i d e o ther c o n -

straints. T h e thickness as a funct ion o f or ienta t ion wi th respect t o the line-of-sight 

m a y cons t ra in the internal ve loc i ty d ispers ion and the spatial th ickness . T h e "uni-

fo rmi ty" o f the surfaces m a y p rov ide a const ra int o n Ω (see Peebles 1986) . If Ω = 

1 and the d is t r ibu t ion o f galaxies marks the d is t r ibut ion o f mat te r , it is unlikely 

that a s m o o t h shell c an persist over a H u b b l e t ime; gravi ty shou ld cause the mat te r 

t o c l u m p u p and "fingers" p o k i n g th rough the "shells" shou ld b e a m o r e c o m m o n 

feature in redshift space . If the actual densi ty cont ras t in shells is smal l and the 

vo id s are filled w i th a near ly un i formly dis t r ibuted dark mat te r (wi th Ω c lose t o 1 ) , 

the s t ructures c o u l d still b e in the linear reg ime. If, o n the o ther hand , Ω is low 

(say ;$ 0.2 as ind ica ted b y d y n a m i c a l analyses o f g roups and c lus te rs ) , the s t ructure 

c o u l d set in early o n and then jus t s t retch wi th the universal expans ion . 

T h e s t udy o f the d y n a m i c s o f individual r ich clusters is a final e x a m p l e o f a 

p r o b l e m where the n e w survey da ta suggest a revised a p p r o a c h . T h e C o m a cluster 

is an i l lustrat ion o f the difficulty. In F igure 2a the e d g e o f the largest shell is 

p ro jec ted near ly a long the line-of-sight adjacent t o the ve loc i ty finger o f C o m a . T h e 

s t ructures are separa ted s o m e w h a t in dec l ina t ion , bu t they are sufficiently c lose ly 

assoc ia ted that the de te rmina t ion o f the ve loc i ty d ispers ion o f the cluster c o u l d b e 

c o m p r o m i s e d b y the spatial extent o f the shell . Con t r ibu t ions f r o m these shells 

w o u l d general ly bias the ve loc i ty dispers ions upward . T h e re la t ionship be tween the 

t o p o l o g y o f large-scale s t ructure and the proper t ies o f individual clusters is also 

impor t an t for exp lo ra t ion o f the infall pa t te rn at large dis tances f r o m the cluster 

center (see, for e x a m p l e Shec tman 1982) . It is n o t yet c lear t o w h a t extent the 
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5. T H E F U T U R E 

Dur ing the next year detai led quanti ta t ive c o m p a r i s o n o f the n e w da ta w i th 

s imula t ions wil l further refine ou r unders tanding o f the nature and or igin o f large-

scale s t ructure . T h e d e v e l o p m e n t o f statistical measures t o character ize the large-

scale features in the da ta is an impor t an t first s tep in this p rocess . 

It is well t o keep in m i n d that the m a p s o f Figures 2 - 3 are m a p s in redshift 

space . Dis tance est imates for the galaxies in these s tructures are crucia l t o see h o w 

well the d is t r ibut ion in redshift space reflects the s t ructure in th ree-d imens iona l 

pos i t i on space . W e have b e g u n a p r o g r a m t o s tudy o n e o f the largest s t ructures . 

T h e s e measurement s m a y indicate h o w the s tuctures w e obse rve fit toge ther w i th 

the large-scale flows discussed b y Dr . Davies (1987) at this s y m p o s i u m . 

T h e d i scuss ion o f Sect ion 4 indicates several o f the drivers for m o r e extens ive 

redshift su rveys . In addi t ion t o c o m p l e t i o n o f the C f A survey ex tens ion t o the 

l imit ing m ^ ( 0 ) = 15 .5 , w e have b e g u n (in co l l abo ra t i on wi th J. Thor s t ensen and G . 

Wegne r at D a r t m o u t h ) t o survey a l ° x 100° str ip t o a limit o f m B ( 0 ) = 17 .5 . B o t h 

o f these surveys shou ld b e c o m p l e t e wi th in the next five years — perhaps they wil l 

b r ing further surprises as w e s ample m o r e o f the available "phase space . " 
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DISCUSSION 

FANG: Since the relationship between the richness of clusters and the 
sizes of clusters or voids is important in fractal theory, is such 
a relationship found in your survey? 

GELLER: We speculate that there is such a relationship, but we are 
far from having enough data to measure it! 

ROWAN-ROBINSON: Do you have types for these galaxies so that you 
could remove the ellipticals, and hence the cluster 1 fingers1, and 
then see the bubbles uncontaminated by 1 fingers1? 

GELLER: We do not yet have types for all the galaxies in the survey, 
but we will in the near future. 

DEKEL: (1) Isn't the Perseus-Pisces supercluster a filament? 

( 2 ) You've mentioned the finger of god1 effect that generates 
elongated structures along the line of sight from velocity dispersion. 
Infall velocities generate thin walls perpendicular to the line-of-
sight so one should be careful not to over-interpret the result in 
terms of "thin bubbles11. 

GELLER: (1) Before being absolutely convinced that the Perseus-Pisces1 

supercluster is a filament I would like to see a careful analysis of 
the effects of observation in the region. 

( 2 ) What you say is true, but I think it is difficult to 
produce such thin, extended structures on the observed scales. The 
case will become clearer when we have better quantitative 
characterization of both the data and the models. The ?bubble-like11 

geometry does not rule out your suggestion. 

SZALAY: Peebles1 argument for the homogeneity of the universe is 
based upon the excellent scaling of the angular correlations with 
depth. How can one reconcile this with the appearance of larger 
and larger structures as the redshift catalogues reach deeper? 

GELLER: It's difficult! The only clue I see is that the 
correlation function is measured on scales small compared with the 
structures. 

https://doi.org/10.1017/S0074180900159248 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900159248



