
6 G. De Lucia and J. Blaizot

Figure 2. Merger tree of the FOF group in which the BCG sits at redshift zero. Only the trees of subhaloes with more than 500 particles at z = 0 are shown.
Their progenitors are shown down to a 100-particle limit. Symbol coding is the same as in Fig. 1. The left-most tree is that of the main subhalo of the FOF,
while the trees on the right-hand side correspond to other substructures identified in the FOF group at z = 0. In green, we mark the subhalo that contains the
main branch of the BCG.

simply refer to the main progenitor of the BCG at any given time as
the main branch without implying that it necessarily contains most
of the stars.

Galaxies that merge on to the main branch must first be accreted
on to the same halo, and it is therefore interesting to establish the
connection between the galaxy and the halo merger trees. Fig. 2
shows the full tree of the FOF group containing our case-study
BCG. The branch highlighted in green is the branch containing the
main branch of the BCG. The right-most branches are merger trees
of secondary substructures (only those with more than 500 particles)
present in the FOF group. These substructures have not yet dissolved
into the main halo, and their galaxies can thus not contribute to the
merger tree of the BCG. In Figs 1 and 2 circles mark objects (galaxies
or haloes) that belong to the same FOF group as the main branch
of the BCG, while triangles mark objects that have not yet joined
the FOF group. Typically, when a halo is accreted on to a bigger
system (i.e. joins the same FOF group), it loses mass efficiently due
to tidal stripping (Ghigna et al. 2000; De Lucia et al. 2004a; Gao
et al. 2004b; Kravtsov et al. 2004). A nice example of this process
is shown by the halo branch located roughly at the centre of Fig. 2.
It is only when the subhalo dissolves that its galaxies become part
of the main halo of the FOF group and are then allowed to merge
with the central galaxy on a dynamical friction time-scale.

Given the complexity of the merger history shown in Fig. 1, it
is helpful to define several times that mark important phases in
the evolution of a BCG. We call identity time (tid) the cosmic time
when the BCG acquires its final identity. We define tid as the time
when the last major merger on the main branch occurred, that
is, when the most massive galaxy which merges on the main branch
is more massive than a third of the mass of the main progenitor.
Before tid, the BCG does not exist as one single object, but as sev-
eral progenitors of comparable masses. Our definition of the identity
time can be extended to account for multiple simultaneous mergers.
We thus define the extended identity time (t̃id) as the latest (cosmic)
time when the sum of the masses of the progenitors merging on the
main branch was larger than a third of the mass of the main progen-

itor. By definition, tid ! t̃id, although they are equal in most cases
(see Fig. 6 in Section 5).

Early theoretical work discussed the difference between forma-
tion and assembly times for elliptical galaxies in a hierarchical con-
text (Baugh, Cole & Frenk 1996; Kauffmann 1996), although this
difference has been quantified only recently (De Lucia et al. 2006).
Following this work, we call assembly time (ta) the time when the
main progenitor contains half the final stellar mass of the BCG. As
discussed above, although the main branch may capture the identity
of a galaxy for some time, it is not suited to describe the complete
evolution of the BCG. The stellar population of the BCG, in par-
ticular, can be fully described only by taking into consideration the
whole tree, because a large fraction of stars actually form in sec-
ondary branches. It is therefore useful to define a more classical
formation time (tf) as the time when the total mass of stars formed
reaches half the final mass of the BCG. By ‘total mass’ we mean, at
each cosmic time, the sum of the stellar masses of all the progenitors
present at that given time, that is, the projection of Fig. 1 on to the
vertical time-axis.

4.2 Mass build-up of the BCG

Fig. 1 shows that the stars that end up in the BCG today, start
forming at very high redshifts. Rapid cooling in the early phases
of the cluster collapse lead to the formation of a massive central
galaxy of stellar mass ∼1011 M" h−1 about 11 Gyr ago (z ∼ 2.5).
A number of accretions of massive satellites increases its mass to
slightly less than half its present value at redshift about 1 and then
the BCG continues growing by accretion of satellites. Fig. 1 also
clearly shows that the satellites accreted below redshift ∼1 are red
and much less massive than the main branch.

In Fig. 3 we show the ‘formation’ and ‘assembly’ histories of the
stars that end up in the BCG of our case-study cluster. The black
line in Fig. 3 shows the stellar mass of the main branch. The green
line shows the sum of the stellar masses in all progenitors at each
time. The horizontal dashed line corresponds to half the present
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