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Abstract. Peculiar velocity measurements of 2500 southern spiral galaxies show large-scale flows in the 
direction of the Hydra-Centaurus clusters which fully participate in the flow themselves. The flow is not 
uniform over this region and seems to be associated with the denser regions which participate in the flow 
of amplitude about 400km/s. In the less dense regions the flow is small or non-existent. This makes the 
flow quite asymmetric and inconsistent with that expected from large-scale, parallel streaming flow that 
includes all galaxies out to 6000km/s as previously thought. The flow cannot be modelled by a Great 
Attractor at 4300km/s or the Centaurus clusters at 3500km/s. Indeed, from the density maps derived from 
the redshift surveys of "optical" and IRAS galaxies, it is difficult to see how the mass concentrations can 
be responsible particularly as they themselves participate in the flow. These results bring into question the 
generally accepted reason for the peculiar velocities of galaxies that they arise solely as a consequence of 
infall into the dense regions of the universe. To the N. of the Great Attractor region, the flow increases 
and shows no sign of diminishing out to the redshift limit of 8000km/s in this direction. We may have 
detected flow in the nearest section of the Great Wall. 

1. Introduction 

T h e resu l t s of a typical N - b o d y s imulat ion of the format ion of s t ruc ture in ou r Unive r se 

and the p red ic ted pecul ia r ve loci ty field us ing the s tandard C D M theory are s h o w n in 

F i g u r e 2 of N u s s e r et al. (1991) . As expec ted the f lows are t o w a r d s the mass -cen t e r s 

p r o d u c e d by their s imula t ion . The i r w o r k i n g hypo these s c o n c e r n the n a t u r e of the 

p r imord ia l dens i ty f luctuat ions , the process of gravi ta t ional ins tabi l i ty , the va lue of Ω/b 

w h e r e b is the b iass ing factor and that the ga laxy and m a s s - d e n s i t y f luc tua t ions are 

propor t iona l at each point . 

T h e s e hypo these s can be tested by m e a s u r e m e n t s of, 1) the c o s m i c m i c r o w a v e 

b a c k g r o u n d ( C M B ) , i ts i r regula r i t i es a n d d ipo le , 2) the d i s t r i bu t ion of ga lax ies in 

redsh i f t - space f rom wh ich the ga laxy-dens i ty field m a y be o b t a i n e d to m a k e pecu l i a r 

ve loc i ty (Vpec ) p red ic t i ons and 3) the V p e c of ga l ax ie s and the c o n s t r u c t i o n us ing 

P O T E N T (Ber t sch inger & Deke l 1989) of the mass -dens i ty field. A c o m p a r i s o n of the 

dens i ty fields ob ta ined from redshif ts to those ob ta ined f rom V p e c is the c ruc ia l test of 

the current theories of the evolut ion of the universe . 

T h e 1990s have seen the d i s appea rance of the c o n c e p t of the G r e a t At t rac to r 

( G A ) in t roduced by Lynden-Be l i et al. (1988) as the mys te ry object r e spons ib l e for the 

o b s e r v e d f lows in the local universe and the re in t roduct ion of l a rge-sca le bu lk f lows of 

ampl i tude about 4 0 0 k m / s . W h a t drives these bulk f lows is the subject of m u c h debate . 
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W i l l i c k (1990) de tec ted a f low of ga lax ies f rom the d i rec t ion of Pe r seus -P i s ce s 
t o w a r d the L o c a l G r o u p . M a t h e w s o n , F o r d and B u c h h o r n (1992a , b) f rom the V p e c 
m e a s u r e m e n t s of 1355 southern spiral ga lax ies , found that there w a s e v i d e n c e of a bulk 
f low of a b o u t 6 0 0 k m / s t o w a r d s the d i r ec t ion of the G A r e g i o n o n a sca le of at least 
6 0 0 0 k m / s . T h i s , w h e n a d d e d to the b u l k f low of 4 5 0 k m / s found by W i l l i c k in the 
oppos i t e par t of the sky, sugges ted that there is bu lk f low in the superga lac t i c p l ane o v e r 
v e r y la rge scales grea te r than 13000km/s . M o r e recen t ly Cour t eau et a l . ( 1993 ) , us ing a 
n e w set of Tu l ly -F i she r (TF) d is tances for nor thern spirals and the da ta f rom M a t h e w s o n 
et a l . ( 1 9 9 2 b ) , suppor t the p r e v i o u s f ind ings and c o n c l u d e tha t the re is a l a rge - sca le , 
para l le l s t r eaming flow of 3 6 0 k m / s t owards 1 = 294° , b = 0° that inc ludes all ga laxies out 
to at least 6 0 0 0 k m / s rad ius a round the Loca l G r o u p . 

In an a t t emp t to p r o b e d e e p e r in to the local un ive r se to see if t he sca le of this 
bu lk f low can be de te rmined , w e ex t ended the survey of 1355 ga lax ies by M a t h e w s o n et 
a l . ( 1 9 9 2 b ) a n d m a d e V p e c m e a s u r e m e n t s of an a d d i t i o n a l 1200 g a l a x i e s . T h e 
c o m b i n e d da ta set of abou t 2 5 0 0 ga lax ies has been u s e d to e x a m i n e t h e s e l a rge-sca le 
f lows and the pre l iminary resul ts are p resen ted here (also see M a t h e w s o n & F o r d 1994). 

2. The Data 

T h e e x t e n d e d s a m p l e of spiral ga laxies w a s selected f rom the E S O - U p p s a l a Ca ta log of 
types S b - Sc , d i ame te r s b e t w e e n Γ .0 a n d Γ .6 , ve loc i t ies in genera l b e t w e e n 4 0 0 0 k m / s 
and 14000km/s inc l ina t ions grea ter than 40° and l b l > l l ° . A l toge the r ove r 1200 galaxies 
w e r e obse rved . T h e s e i nc luded 9 0 ga lax ies wi th redshif ts less than 8 0 0 0 k m / s N . of the 
G A r eg ion (1 = 250° to 360° , b = 45° to 70°) f rom a list k i n d l y s u p p l i ed by D r John 
H u c h r a . 

T h e H a ro ta t ion c u r v e s of the sp i ra l ga lax ies w e r e m e a s u r e d w i t h t he 2 . 3 m 
t e l e s c o p e at S i d i n g S p r i n g O b s e r v a t o r y u s i n g the s a m e p r o c e d u r e s d e s c r i b e d in 
M a t h e w s o n et al ( 1 9 9 2 b ) . P h o t o m e t r y w a s o b t a i n e d in the K r o n - C o u s i n s I p a s s b a n d 
wi th a G E C C C D o n the l m te l e scope . T h e I m a g n i t u d e s w e r e found u s i n g m e t h o d s 
o u t l i n e d in the first su rvey . T h e "ze ro-ve loc i ty" H I w a s o b s e r v e d in the d i r ec t ion of 
each ga laxy wi th the P a r k e s r ad io t é l e scope and used to m e a s u r e the ex t i nc t i on in ou r 
G a l a x y fo l lowing Burs te in and He i l e s (1978) . 

T h e c o m p l e t e d a t a set w h e n c o m b i n e d wi th the 1355 g a l a x i e s m e a s u r e d by 
M a t h e w s o n et al (1992b) consis ts of abou t 2 5 0 0 galaxies wi th 1200 ga lax ies ly ing in the 
d i r e c t i o n of the G A r e g i o n de f ined as 2 6 0 ° < 1 < 3 6 0 ° , - 4 0 ° < b < 4 5 ° . T h e a i m is to 
inves t iga te the f low a l ready de tec ted in the di rect ion of the G A with this c o m b i n e d data 
set. 

3. The TF Relation and Selection Bias 

T h e m e t h o d is to a s s u m e that the ga laxies ou ts ide the G A reg ion (apart f rom ga lax ies to 
the N . of b = 45° a n d in the Pe r seus -P i sces reg ion) are at sufficiently l a rge ang les to the 
f low that the i r ve loc i t i e s on ly ref lect p u r e H u b b l e f low i .e . , the i r r edsh i f t s are the i r 
d i s t ances . T h e s e ga lax ies in this con t ro l zone are then used to ca l ibra te the T F re la t ion 
w h i c h is used to es t imate the V p e c of the galaxies in the d i rec t ion of the f low. 

T h e l u m i n o s i t y d i s t r i bu t ion of the s a m p l e c h a n g e s w i th i n c r e a s i n g redshi f t , 
s h o w i n g that o b s e r v a t i o n a l se lec t ion b ias ex is t s . T h e p e a k m a g n i t u d e p r o g r e s s i v e l y 
m o v e s to br ighter va lues as the redshift increases . Th i s , coup led wi th the d i spers ion (σ = 
0.44) of the T F re la t ion c o m b i n e s to m a k e the absolu te m a g n i t u d e of ga lax ies a function 
of redshi f t as wel l as ro ta t iona l ve loc i ty , Vro t . (a lso see F e d e r s p i e l et al . 1994) . T h e 
d i spe r s ion of the T F re la t ion inc reases m a r k e d l y for V r o t < 6 3 k m / s a n d these ga lax ie s 
have been omi t t ed f rom the analys is . 
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log Vrot 

Fig. 1. The Tully-Fisher relation as a function of redshift (Vcmb) for the galaxies in the control region. 

1 1000, the magnitude of the galaxies at a distance of 1000km/s, is plotted against log Vrot, the velocity of 

rotation for galaxies in redshift bins 2000km/s wide centred on the values given at the bottom of each plot. 

U s i n g the galaxies in the control zone , F igu re 1 was cons t ruc ted , w h i c h g ives I 1000 as a 
funct ion of Vro t and redshift (d is tance) . I 1000 is the m a g n i t u d e of the ga lax ies at a 
d i s t ance of 1000km/s . In this paper all redshif ts are re la t ive to the c o s m i c m i c r o w a v e 
b a c k g r o u n d , V c m b . T h e va lues of I 1000 for the ga lax ies in the G A r e g i o n are found 
us ing F igu re 1. As the luminos i ty d i s t r ibu t ion of ga lax ie s in the G A reg i o n is ve ry 
s imi la r to those in the cont ro l zone , this p rocess shou ld r e m o v e m o s t o f the select ion 
bias and a l low m e a s u r e m e n t of the V p e c of ga lax ies in the G A r e g i o n r e l a t ive to the 
cont ro l zone . T h e accuracy of an individual m e a s u r e m e n t of d i s tance is abou t 2 2 % . 

T o i m p r o v e the accuracy of the detect ion of la rge-sca le f lows , the ga lax ies were 
d i v i d e d in to redshif t b ins of 1000km/s a n d ave raged . W i t h the p r e s e n t s a m p l e , this 
p r o c e d u r e w o u l d a l low f lows of about 3 0 0 k m / s or m o r e to be de t ec t ed at d i s t ances of 
1 1 0 0 0 k m / s . At grea te r d i s tances , the f luctuat ions inc rease rap id ly d u e to e r ro rs which 
i n c r e a s e wi th d i s t a n c e and sma l l n u m b e r s t a t i s t i c s a n d the r e s u l t s h a v e sma l l 
s ignif icance. 

As a check , F igu re 2 plots V p e c vs V c m b for the 1100 ga lax ies in the contro l 
zone . T h e ga lax ies were d iv ided into redshif t bins of 1 0 0 0 k m / s and ave raged . T h e 
ave raged poin ts lie c lose to the Vpec = 0 line with m e a n va lue -57 ± 4 9 k m / s consis tent 
with no net f low. 
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Fig. 2. Vpec vs Vcmb for the control zone which is the region outside the Great Attractor box in Fig. 3 

(apart from galaxies to the N. of that box and in the Perseus-Pisces region). This is assumed to be a region 

of quiet Hubble flow. The open circles are the averages of the galaxies (dots) in intervals of 1000km/s 

Vcmb. A total of 1100 galaxies are plotted. 

4. Results 

F i g u r e 3 s h o w s the dis t r ibut ion in galact ic longi tude and la t i tude of the ga lax ies used in 
this ana lys is . T h e G A region has been d iv ided into four a reas and F igu re 4 s h o w s Vpec 
vs V c m b plots for the galaxies w i t h i n t h e m . T h e galaxies have been p l aced in 1000km/s 
b ins of V c m b and averages taken. T h e three areas in C e n t a u r u s (Fig. 3 , a rea a) , H y d r a 
(Fig. 3 , area b) and P a v o (Fig. 3 , area c) show well def ined f lows of approx ima te ly 300 -
4 0 0 k m / s out to d is tances of 6000 - 7 0 0 0 k m / s when the flow van i shes in to the increas ing 
no ise at grea ter d i s tances . The ampl i tudes of the f lows in each area are m a r k e d against 
each box in F igure 3 . F igure 5 shows the dis t r ibut ion in redshif t space of the galaxies in 
the G A reg ion . T h e flow appears to be associa ted with the d e n s e r r eg ions (Figs . 3 and 5 
and F ig . 1 of H u d s o n 1994) which par t ic ipa te in the f low. In the less d e n s e a reas in the 
G A reg ion , i.e., b e y o n d 6500km/s and in the direct ion of area d in Fig . 3 , the flow is not 
so wel l defined. 

F igu re 6 s h o w s the c o m b i n e d plot of V p e c vs V c m b for the three a reas in the G A 
reg ion showing- f low. The galaxies have been d iv ided into b ins of 1 0 0 0 k m / s V c m b and 
ave rages t aken in each bin d e n o t e d by the open c i rc les . T h e f low of 3 7 0 ± 1 6 k m / s is 
c lear ly def ined up to 6 0 0 0 k m / s but from V c m b = 7 0 0 0 k m / s to 1 1 0 0 0 k m / s , the m e a n 
va lue of V p e c is on ly 3 ± 1 2 8 k m / s wh ich is cons i s ten t w i th n o f low. A s the cont ro l 
r eg ion (Fig. 2) has V p e c effectively zero f rom V c m b = 0 to 1 1 0 0 0 k m / s a n d if it can be 
r e g a r d e d as a r e g i o n of quie t H u b b l e flow, then the a b o v e e s t i m a t e d f low v a l u e s 
represen t the rea l f low values of the G A region re la t ive to the C M B . O u r f low va lue of 
3 7 0 k m / s agrees c lose ly with that found by Cour teau et al (1993) over the s a m e dis tance 
r a n g e w h o used as a control , a region a lmost diametr ical ly o p p o s e d to o u r s . 

F igure 7 s h o w s the plot of V p e c vs V c m b for the r eg ion 1 = 250° - 360° , b = 45° -
70°, to the N . of the G A region (see Fig . 3). The re is s t rong bu lk f low of 4 8 9 ± 6 1 k m / s 
wh ich shows no s ign of d imin i sh ing out to 8000km/s , the redshif t l imit of the sample in 
this d i rect ion. 
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Fig. 3. The distribution in galactic longitude and latitude of the 2500 southern spiral galaxies used in the 
analysis of peculiar velocities. The GA region is outlined and split into four areas against which is 
indicated the amplitude of the flow derived using Fig. 4. The directions of the CMB dipoie and the bulk 
flow directions denoted C and LP of Courteau et al (1993) and Lauer and Postman (1994) respectively, are 
shown. 
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Fig. 4. Vpec vs Vcmb for the four areas in the G A region shown in Fig. 3. Each plot is labelled with a 
letter to identify which area it refers to in Fig. 3. The open circles give the average Vpec of the galaxies 
in intervals of 1000km/s Vcmb. The mean of Vpec above and below Vcmb = 7000km/s for (a) and (b) 
and 6000km/s for (c) and (d) are shown on the RHS and LHS of each plot respectively. The amplitude of 
the flows is shown against each box in Fig. 3. 
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Galactic Longitude 

Fig. 5. The distribution in redshift-space for the galaxies in the G A region; a) + v e latitudes, b) -ve 

latitudes. 
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Fig. 6. The combined Vpec vs Vcmb plot for the three areas (a, b, c) which show strong flow in the G A 

region. The open circles give the average Vpec of galaxies (dots) in intervals of 1000km/s Vcmb. The 

mean of Vpec below and above Vcmb = 6000km/s is 370±16km/s and 3±128km/s respectively. 
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Fig. 7. Vpec vs Vcmb plot for the region to the N. of the G A region. The open circles give the average 
Vpec of the galaxies (dots) in intervals of 1000km/s Vcmb. The redshift limit of the sample in this 
direction is 8000km/s. The mean Vpec over this redshift range is 489±61km/s. 

5. Discussion 

B e c a u s e the f low in the G A reg ion is a s soc ia ted with i ts d e n s e r r e g i o n s , it is natural to 
s u s p e c t tha t the T F re la t ion is d e p e n d e n t on env i ronmen t w h i c h m a y c rea t e the i l lusion 
of a f low. H o w e v e r the f low w o u l d s e e m to be genuine b e c a u s e : -

1. no r the rn h e m i s p h e r e obse rvers , us ing the T F re la t ion , h a v e found that the Perseus -
P i s ce s superc lus te r is f lowing towards us , i.e., in the o p p o s i t e d i rec t ion to the G A 
r e g i o n w h i c h is m o v i n g a w a y . If there was s o m e ef fec t ar t i f ic ia l ly p roduc ing 
f lows , it w o u l d need to c h a n g e sign with direct ion, w h i c h is m o s t un l ike ly , 

2 . Dres s i e r et al (1987) , us ing the σ - D relat ion for e l l ip t ica ls , have s h o w n outf low in 
the C e n t a u r u s - H y d r a r eg ion of abou t the same a m p l i t u d e as w e h a v e s h o w n using 
the T F re la t ion for spi ra ls . H o w e v e r the σ - D and T F re l a t i ons a r e qu i t e different 
phys ica l re la t ions , the former tells us about galaxy e q u i l i b r i u m w h i l e the latter tells 
us abou t ga laxy format ion . M / L cons tancy does en te r b o t h re la t ions but the stellar 
popu la t i ons in the two ga laxy types are qui te different s o it w o u l d b e r emarkab le if 
M / L var ia t ions in both types were the same , 

3 . the s t ronges t f low in the G A reg ion of 4 5 0 k m / s is c e n t r e d on 1 = 3 1 0 e , b = 3 0 e in 
C e n t a u r u s on ly 30° f rom the C M B dipole at 1 = 2 7 6 e , b = 30° ( K o g u t et al 1993) 
w h i c h is i tself in a r e g i o n of s t r o n g flow (Fig 3 ) . T h i s p r o v i d e s i n d e p e n d e n t 
suppor t for our V p e c m e a s u r e m e n t s as there is no d o u b t n o w that the d ipo le is due 
to a V p e c of the Loca l G r o u p of abou t 600km/s (F ixsen e t al 1994) . 

It is ve ry difficult to m o d e l the obse rved asymmet r ic f low w i t h a bu lk f low of ampl i tude 
3 6 0 k m / s toward 1 = 2 9 4 e , b = 0° ove r a d i s tance of 6 0 0 0 k m / s (Cour t eau et al 1993) when 
the ad jacent a rea d, F ig . 3 , s h o w s a f low of only 100±89km/s ins tead of a p red ic ted flow 
of at leas t 3 0 0 k m / s . A l so the re is no s ign of the e x p e c t e d " S - c u r v e " f rom a G A at 
4 2 0 0 k m / s in the d i rec t ion 1 = 3 0 7 e , b = 9 e (Lynden -Be l l e t al 1988) . L i k e w i s e there 
appea r s little chance of sa lvaging the G A by call ing it H y d r a - C e n t a u r u s (Federsp ie l et al 
1994) because these clusters a t 3 5 0 0 k m / s d o not have an o v e r l y large effect on the flow 
in w h i c h they themse lves fully par t i c ipa te . Cour teau e t al ( 1993 ) s u g g e s t e d that large-
sca le , l ow ampl i tude densi ty fluctuations are respons ib le for the flow of abou t 400km/s 
f r o m the P e r s e u s - P i s c e s r e g i o n to the G A reg ion , o v e r a d i s t a n c e of 1 2 0 0 0 k m / s . 
H o w e v e r this does not expla in the fall to zero a round 6 5 0 0 k m / s in the G A reg ion (Fig. 
4) n o r the a s y m m e t r i c na ture of the flow about its apex , n o r the large a m p l i t u d e of the 
flow c o m p a r e d wi th the appa ren t smal l effect on the flow of the m a s s concen t ra t ions , 
e.g. , C e n t a u r u s . Shap ley 8 at 1 4 0 0 0 k m / s does not s e e m to exe r t m u c h p o w e r on the 
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flow as at HOOOkm/s, the flow is still smal l . It is apparen t ly not the G i a n t At t rac tor as 
p r o p o s e d by Sca rame l l a et al (1989) . 

H u d s o n (1994) de r ived the dens i ty field out to a dep th of 8 0 0 0 k m / s us ing redshift 
s u r v e y s of ga lax ies s e l ec t ed f rom E S O a n d U G C ca ta logs a n d p r e d i c t e d the pecu l i a r 
v e l o c i t i e s of t he g a l a x i e s . H e f i nds tha t t he C e n t a u r u s - H y d r a - V i r g o a n d P a v o 
supe rc lus t e r c o m p l e x i s no t p r imar i l y r e s p o n s i b l e for the la rge s t r e a m i n g m o t i o n s of 
g a l a x i e s . H u d s o n b e l i e v e s that m o s t of the b u l k m o t i o n of the 4 0 5 k m / s w h i c h is 
r equ i r ed so as to ag ree wi th the p red ic t ed m o t i o n of the L o c a l G r o u p , is d u e to sources 
b e y o n d 8 0 0 0 k m / s . H o w e v e r the nex t la rge m a s s concen t ra t ion e n c o u n t e r e d in the flow 
di rec t ion is Shap ley 8 at 14000km/s and this does not appea r to have m u c h effect on the 
f low. 

It is n o t j u s t a ques t i on of w h e t h e r l ight t r aces m a s s bu t w h e t h e r the s tandard 
t heo ry of the f o r m a t i o n of l a rge - sca l e s t ruc tu re w i th t he c o n s e q u e n t V p e c flows is 
cor rec t (cf . Si lk 1987) . In this r ega rd the m a i n difficulty that the s t andard theory faces 
is to expla in w h y the la rge v is ib le m a s s cen te rs of the Loca l U n i v e r s e d o no t appea r to 
p r o d u c e l a rge sca le flows bu t ins tead fully par t i c ipa te in the flows t h e m s e l v e s . T h i s 
f ind ing d o e s no t n e g a t e t he re su l t of L a u e r a n d P o s t m a n (1994) of b u l k f lows of 
6 8 9 k m / s out to d i s tances of 15000km/s as flows m a y be a p roper ty of the d e n s e r r eg ions 
in wh ich are e m b e d d e d their obse rved c lus te rs . In this r espec t , it is in t r igu ing that the 
bu lk f low is s t ronges t in the reg ion N . of the G A reg ion and s h o w s n o s ign of aba t ing 
ou t to the survey l imit in this d i rec t ion of 8 0 0 0 k m / s (Fig. 7 ) . T h i s r eg ion e n c o m p a s s e s 
L a u e r and P o s t m a n ' s flow d i r ec t i on of 1 = 343° , b = 52° , m a r k e d in F i g . 3 . It is 
in te res t ing tha t the n e a r e r pa r t s of the G r e a t W a l l l ie a r o u n d 1 = 3 3 0 e , b = 70° at a 
d i s t ance of abou t 7 0 0 0 k m / s (Gel le r and H u c h r a , 1989 and a l so see F ig . 10 of H u d s o n , 
1993) . H a s the flow of the G r e a t W a l l been de tec ted? T h e r e is an o b v i o u s n e e d for 
m o r e obse rva t ions in this area. 

T h e au thors t hank the staff o f S id ing Spr ing Obse rva to ry for ma in t a in ing the te lescopes 
in excel lent condi t ion th roughou t the observa t ions . 
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