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Abstract 

Starting from the redshift space distribution of a volume limited sample of Abell+ACO 
clusters we use a reconstruction procedure to recover their distances and peculiar veloc­
ities. The resulting duster 3-D dipole, as the z-space one, converges at "'-i 170 h- 1 Mpc 
and points 10° away from the CMB apex. However, redshift space distortions cause f"-.J 

the asymptotic dipole of the z-space duster distribution to be overestimated with respect 
to the 3-D one by f"-.J 23%, leading to a value of f3(= n~·6 /be} ~ 0.21, where be is the bias 
factor of the cluster population with respect to the underlying matter distribution. The 
resulting cluster velocity field is dominated by a large scale streaming motion along the 
Perseus Pisces-Great Attractor base-line directed towards the Shapley concentration, in 
qualitative agreement with the galaxy velocity field on smaller scales. The cluster bulk 
velocity agrees well with that deduced from the POTENT analysis of galaxy motions at 
I"V 60 h- 1 Mpc; it decreases thereof while pointing in the general direction of the Cosmic 
Microwave Background (CMB) dipole, in strong disagreement with [3]. 

1 The Reconstruction Method 

We considered the redshift space distribution of the Abell+ACO clusters defined in: 
- Abell: d ::; 250 h- 1 Mpc, Ihl > 20°, mlO ::; 17. N=250 clusters. 
- ACO: d ~ 250 h- 1 Mpc, Ihl > 20°, mlO ~ 17. N=205 clusters. 
- Abell+ACO: d ~ 250 h- 1 Mpc, 13° < Ihl < 20°, mlO ~ 17. N=20 clusters. 
98% of clusters have measured redshift. For the remaining objec;:ts the redshift is estimated 
using the mlO - z relation, of [4], where mlO is the magnitude of the tenth brightest galaxy 
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Figure 1: Surface plot visualization of the density field of a slice 8000 km/sec wide centered 
onto the supergalactic plane both in z space (left panel) and 3-D space (right panel). 

in the cluster. We then use a two step procedure to reconstruct the 3-D cluster distribution 
starting from their observed redshift space positions: 

- The first step consists in reconstructing the all sky redshift-space cluster distribution. 
This is done by generating a population of synthetic objects outside the zone of avoidance (i.e. 
at Ibl > 20°) and within 20000 km/s. We impose the synthetic objects to be correlated with the 
real ones in order to reproduce the observed spatial cluster-cluster correlation while their large 
scale distribution accounts for galactic absorption, radial selection function and inhomogeneities 
between the Abell and ACO cluster catalogues. The object distribution within the zone of 
avoidance is then recovered by randomly cloning the cluster distribution in the nearby galactic 
strips. The reconstruction within the [20000, 25000] km/s region, where the radial selection 
function falls below unity, is aimed at providing the boundary conditions for the next step. 
In this region the synthetic clusters are distributed according to the selection functions but 
randomly with respect to the real ones to alleviate shot noise effects. The resulting cluster 
distribution, however, is a considerable improvement over the simple Poissonian one. Finally, 
the density field beyond 25000 km/s is considered homogeneous and isotropic. 

- In the second step we use an iterative technique, similar to [5], to reconstruct the all sky 
cluster 3-D distribution and their peculiar velocities. The reconstruction algorithm relies on the 
linear gravitational instability hypothesis and assumes linear biasing. Since the whole recon­
struction procedure is based on Monte Carlo techniques, all the analyses described below were 
performed by averaging over several different realizations of the synthetic cluster population. 

2 The Density Field and the Cluster Dipole 

In figure 1 we plot a 3-D visualization of the z-space density field (left panel) and the 3-D 
one (right panel) for a slice of 8000 km/sec wide, centered on the supergalactic plane. It 
is evident that eliminating the redshift distortions reduces significantly the amplitude of the 
peaks in z-space with respect to that in the 3-D space. The effect is particularly evident in 
the Great Attractor region [(X,Y)=(8,11)], while in the Perseus-Pisces region [(X,Y)=(13,10)] 
the opposite is true, due probably to a negative velocity gradient; increasing towards the LG. 
Changing the relative amplitude of the Great Attractor and Perseu~-Pisces density peaks causes 
the dipole amplitude to decrease by "'J 23% leading to an overestimate of the /3 parameter. The 
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Figure 2: The cluster peculiar velocity field in a SOh- l Mpc wide slice projected onto the 
Supergalactic plane. 

direction of the dipole, however, that points 1".1 10° away from the CMB apex, does not change 
appreciably. Comparing the cluster and CMB dipoles we obtain an estimate of (3: 

f3 = 0.21+0.07 [622 - Yin cos 88] (1)
-0.10 622 - ISO cos 88 

where of) 1".1 450 is the misalignment angle between the directions of the Virgo cluster and the 
CMB dipole and Yin is the Local Group Virgo centric in fall velocity, the introduction of which 
is necessary because the contribution to the cluster dipole of Virgo is neglected since, due to its 
proximity, it is not included in the Abell/ACO sample. The quoted uncertainty is dominated 
by the cosmic variance (1".1 SO%). This result is consistent with an no = 1 universe for be = 4.S. 

The Peculiar Velocity Field and the Bulk Flow 

We are in the position of exploring the dynamics on scales much larger than those probed by 
luminous galaxies. Because of the low spatial density, however, galaxy clusters provide a sparse 
sampling of the cosmic velocity field and does not allow us to characterize the velocity field 
with a resolution comparable to that obtained from galaxy samples. Nevertheless we are able 
to visualize large scale features of the linear velocity field since the typical errors of the 1-D 
cluster peculiar velocities are typically < 150 km/sec. 

In Figure 2 we present the cluster peculiar velocity field smoothed using a top hat window 
of 20 h- l Mpc radius in a slice SOOO km/sec wide projected onto the supergalactic plane. Open 
and filled dots refer to infiowing and outfiowing objects, respectively, while the length of each 
vector is proportional to the peculiar velocity in the CMB frame. The small circle at the 
center represents the typical region spanned by dynamical analyses based on galaxy peculiar 
velocities. The most prominent feature is a large coherent motion in the general direction of the 
CMB dipole towards the Shapley Concentration (X, Y) = (-13000~ +9000) km/s, in qualitative 
agreement with galaxy studies. This motion does not have a constant amplitude; it is small in 
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Figure 3: Cumulative bulk flow from clusters (filled dots and starred symbols), POTENT 
analysis (open dots) and the [3] result (filled exagon). 

the Perseus-Pisces region then rises in the Great Attractor zone while dropping on the backside 
of the Great Attractor. Furthermore, due to our large volume sampled we are able to identify 
other important features of the large-scale peculiar velocity field such as the prominent infall 
near the Shapley concentration. We also computed the bulk velocity using two techniques: by 
estimating the center of mass velocity of the region centered on the LG and also by minimizing 
the residual velocity of the whole cluster frame. In figure 3 we plot both estimators as filled dots 
and starred symbols, respectively. Error bars represent 1 (j uncertainties. The two methods 
provide a consistent estimate of the bulk velocity, well within their errors. Open dots represent 
the bulk flow obtained by the POTENT reconstruction of the velocity field traced by 1'Iark III 
galaxies [2]. Although the region where both, the galaxy and cluster bulk velocity estimates, 
overlap is quite small (between I"V 50 and 60 h- l Mpc), they appear to be consistent with each 
other. Finally, we point out that the bulk flow at ~ 100 h-1 Mpc ([3] sample effective limit) 
has an amplitude of rv 250 km/sec, much smaller than that found by [3] (rv 700 km/sec) and 
thus in comfortable agreement with most cosmological models. 
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