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Abstract. We analyse statistically the infall of mass onto clusters in Λ-CDM numerical simu-
lations. Also, we consider numerical simulations which include galaxy formation through semi-
analytical models to compare the expected infall of mass and galaxies. We find the most probable
values at V ∼ 300−400 km/s and a significant tail of large infall velocities (V > 1000 km/s). The
flow onto cluster is more pronounced for high local density regions. Mass and galaxies behave
similarly although with a slightly lower amplitude.

1. Introduction
The dynamical behaviour of objects near regions of high density contrast can be de-

scribed by the spherical infall model with a collapsing streaming motion with amplitude
depending only on the distance to the local density maximum (Diaferio & Geller 1997).
Assuming linear theory, vp(r) = −1/3Ω0H0rδ(r); in the non-linear regime, Rëgos &
Geller (1989) find an approximate solution given by vp(r) = −1/3Ω0H0rδ(r)/[δ(r)+1]0.25

which slightly improve the agreement with simulations (Croft, Dalton & Efstathiou 1999).
Here, we explore the characteristics of streaming motions in cluster vicinity using large
high-resolution N-body simulations (VLS) carried out by the Virgo Supercomputing Con-
sortium. VLS simulations consider a Λ-CDM primordial spectrum (ΩΛ = 0.7, Ωm =
0.3, h = 0.7) in a 479h−1Mpc box size with resolution 6.8 × 1010M�.

2. Analysis
In figure 1, we show the results of the mass infall onto the most massive clusters in the

simulation box. The arrows indicate the velocity flow where it can be clearly appreciated
the systematic infall around the most prominent clusters.

The histograms of figure 2 show the distribution of the cluster-centric component of
the peculiar velocities of particles at different distances from the most massive clusters
(M > 1014M�) in the simulation. It can be seen the large spread of velocities and the
shift of the mean values toward negative velocites by an amount of v ∼ 200 km/s.

The distributions corresponding to the net infall at a given cluster-centric distance are
displayed in figure 3. It can be appreciated the non gaussianity of the distribution of
infall velocities regardless of the distance to the cluster. The distributions show the most
probable values V ∼ 200 − 400 km/s and the tails of large infalling velocities, V > 1000
km/s.

We expect the amplitude of the infall velocities at a given distance from the group
center to increase monotonically with cluster mass. Therefore, we have explored the
mean infall at different distances to clusters with a range of masses M < 1.1 × 1013M�
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Figure 1. Infall pattern in a typical region
of the simulation box.

Figure 2. Distribution of particle velocities in
the direction to cluster centers, normalized to
the maximum values.

Figure 3. Distribution of the net infall
velocities.

Figure 4. Mean infall velocities as a function
of distance for two ranges of cluster masses.

and M > 1014M�. The results displayed in figure 4 show a significant increase of the
maximum infall amplitude onto the most massive clusters on scales r ∼ 4h−1Mpc.

We also explored the variation of the infall pattern according to the local particle
density, smoothed on 3h−1Mpc scale, appropiate to consider the collapsing streaming
motions onto clusters from different regions such as filaments or voids. In figure 5 are
shown the results, where it can be appreciated that particles in high density regions flow
most rapidly onto large mass concentrations than those in underdense environments.

Finally, we have considered a high resolution N-body simulation populated with galax-
ies using the semi-analytic model, GALFORM (Cole et al. 2000; Benson et al. 2002). The
simulation uses standard ΛCDM parameters, with normalization given by σ8 = 0.80 and
a primordial spectral index of n = 0.97. The N-body simulation box is 250h−1Mpc on a
side and contains 1.25 × 108 dark matter particles of mass 1.04 × 1010h−1M�.

Figure 6 shows the mean infall velocity of DM particles and semi-analytic galaxies in
the simulation cube, as a function of distance to cluster centres. We show results for the
full sample of semi-analytic galaxies and for those with absolute magnitudes Bj < −18.
This figure shows the results for subsamples of haloes defined using different lower mass
limits. As can be seen, galaxies show a behaviour similar to DM particles even when
restricting to brighter galaxies, although infall velocities seem to be marginaly lower for
galaxies than for the dark matter.
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Figure 5. Distribution of net infall veloci-
ties for particles in high (solid line) and low
(dashed line) density regions.

Figure 6. Mean infall for galaxies and dark
matter particles in semianalytical models.
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