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1 INTRODUCTION

Fellhauer et al. (2006, FKEOG6 hereafter) have recentlygseg the
capture of old stars by massive stellar superclusters gltiigir for-
mation process as a possible explanation for the differgateend
metallicity populations found in some clusters (ewy.Centauri).
They used numerical experiments to show that up to about A0 pe
cent of the initial mass of the cluster can be gained fromssér
the galaxy where the cluster belongs and they even suggegshth
captured mass might exceed the mass of the cluster in so@& cas
One problem with the numerical simulations of FKEO6 is that,
since essentially all the captures take place during thredtion of
the cluster, it is obvious that the formation process itsalbuld
strongly affect the dynamics of capture and, therefores d@rucial
to use an adequate model of the formation process in ordestto g
reasonable estimates of the gained mass. NeverthelesKEOG-
the clusters are created as Plummer models whose massessiaicr
linearly from zero to their final values. In other words, thass of
the cluster ixreatedrather than, as it should, taken from mass al-
ready present in the galaxy. Although they acknowledgetittud-
lem, FKEO6 argued that, since the cluster is much less neadsw
the galaxy, the adjustment of the galaxy potential due tahirster
formation is a tiny effect, which is true, but of little rekence to the
process of capture. Besides, they perform a test using anféum
model of constant mass that starts with a large scalelengtbhw
is subsequently reduced (i.e., simulating the collapsefdinans the
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cluster), obtaining almost exactly the same result as \gRlum-
mer model with variable mass. Although this outstandinghcei
dence seems to give strong support to the results of FKEOGillve w
explain below that, in fact, it does not. Here we will showttlzd-
though the trapping effect invoqued by FKEO06 indeed exigten
the supercluster is created from mass already present gathgy
the amount of captured mass is substantially smaller thaxt thiy
found.

Besides, FKEO06 took as members of the cluster those particle
that had negative energy relative to the cluster and weitgmwits
tidal radius. In the original version of the present paperadopted
without hesitation the same criterion because a similsrioin had
been used by us in the past for several different investigat{see
Muzzio 1987 for references to previous works that go baclogPl
and Bassino et al. 1998 for a somewhat more recent applicatio
the same criterion). Nevertheless, the referee asked etk ¢the
effect of the tidal effects on that criterion and the suiipgsesult
was that the effect is actually huge! The only excuse for @ast p
pecadillos is that the orbits of the capturing bodies irigesed at
that time were not circular but, in the present case, withutar
orbits for the superclusters, it is plainly obvious that sheuld use
the Jacobi integral (and not the energy with respect to thetel,
without centrifugal terms) to decide membership. When teenex
bership criterion is based on Jacobi’s integral, the nurobeap-
tures plummets by an order of magnitude, or more.

The next section presents a thought experiment and some
computed results to show that the difference between aggreg
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test done by FKEO6 does not avoid the problem of creatin
from nothing. The third section describes our own numeggq
iments, using the FKEO6 scenario and our own, for both r
ship criteria. Their results are presented in the fourthicec
fifth and final section discusses our results.

2 THEDYNAMICAL DIFFERENCE BETWEEN
CREATING AND CONCENTRATING MASS

Let us consider a spherical galaxy with a cluster being fc

its centre, so that we can apply Newton’s theorems for ¢
systems (see, e.g., Binney and Tremaine 2008), and let 1
assume that, except for the mass related to the cluster fi

the rest of the mass of the galaxy keeps its original distiobi
following FKEO6, we start with a zero mass cluster and ins
mass up to a final valua|l the masses of the system will ¢
ence an additional central force of an amount dependinges
tance of the mass to the centre of the system. If, instead, immgcm
the cluster formation selecting as the primordial cloudtesp cen-
tered at the centre of the stellar system, with a radius smgdan
that of the system, and we take from every spherical shehaif t
sphere a certain fraction of its mass and move it to the cedftre
the system to form there the cluster, the result is very wfie 1)
Any mass at a radius that places it outside the primordiaictlo
will experience no extra force, because the mass withinrtdits
will be the same; 2) The masses within the radius of the priiabr
cloud will experience new radial forces that will be very dmaar
the border of the cloud and will increase as we consider masse
closer to the centre. Notice that, as the largest differebeéween
the two cases correspond to the largest radii, they alsdvievtbe
largest volumes within the galaxy.

Of course, the parameter relevant to the capture process is n
the force but the potential: a star will be captured by thestelu
if, after the cluster formation, the potential at the looatf the
star is reduced by an amount larger than one half the squared v
locity of the star; that is, the quantity we should be interdsn
is the variation of the potential due to the formation of tthese
ter. We used the force in the previous discussion becausk iwh
a spherically symmetric case the force at a certain radipsrdis
only on the mass within that radius, the potential depensis ah
the distribution of mass outside that radius (see, e.gnd&irand
Tremaine 2008) and that would have complicated the disoossi
Nevertheless, if we supplement our thought experiment avidw
simple computations, we can use the potential rather trafotoe
for our analysis. Let us consider again a spherical galati wi
cluster being formed at its center —either by creating orceon
trating mass— and let us assume that, except for the matter us
to form the cluster by concentration, the density distitnubf the
galaxy is not altered by the formation of the cluster. If thass
of the cluster is created, the difference in the potentia egrtain
point of the galaxy, before and after the creation of thetelysvill
be independent of that density distribution. Instead, wherclus-
ter is created taking matter from the primordial cloud cesdeat
the center of the system, the potential will not change datghat
cloud and its change within the cloud will depend only on tka-d
sity distribution within the cloud.

A simple numerical example will illustrate this. Let us con-
sider the cluster as a point masg,.,s = 1, and let us take the
gravitational constant a§ = 1. We took the density distribution
of the primordial cloud ag(r) = Cr~7, wherer is the radius,
andC and~ are parameters of the distribution (we recall that the
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Figure 1. The potential difference vs. radius when the cluster is &xfroy
either creating mass or concentrating mass already prestint a primor-
dial cloud of density inversely proportional to radius fewotdifferent radii
of the cloud.

density distribution beyond the cloud radius,q, is irrelevant for
this computation); two different radii were chosen for thigryor-
dial cloud, i.e.;rcia = 0.1 andraq = 0.2. To form the cluster by
concentration, we simply reducéd by the amount needed to take
from the primordial cloud a mass equalié.;s and we placed that
mass at the centre of the galaxy. Fig. 1 presents our rethat$ull
line gives the change in the potential for the case of masgiore
and the dotted and dashed lines give the same for the casessf ma
concentration, respectively for,g = 0.1 andr.q = 0.2; here, we
adoptedy = 1, but the result is very similar wity = 0. Now, if
we draw a horizontal line at an ordinate equak6.5v> wherev

is the star’s velocity, the captured stars will be those dii uch
that the full line (in case of mass creation), or the dottedashed
lines (in case of mass concentration), lie below that hotiidine.
Thus: 1) There will be captured stars beyone- 0.1, orr = 0.2,

in the case of mass creation, but not in the case of mass concen
tration; 2) Withinr = 0.1, orr = 0.2, there will always be more
captures in the case of mass creation, and the differentetiét
case of mass concentration will diminish as we go to smadieii,r
becoming zero only at the centre of the system; 3) The snthker
radius of the primordial cloud, the larger is the differebetween
the mass creation and mass concentration scenarios. Asiiedi
previously, the difference between the mass gain in botbscas
smaller for smaller volumes, but we now see that in thoselsmal
volumes can be captured stars that move faster than thdseatha
be captured in larger volumes, so that there is some comii@msa
of the volume effect.

It is now evident that the dynamics of capture will be strgngl
affected by the process of formation of the cluster and tresting
matter leads to more captures than concentrating it. Nesleds,
our thought experiment and simple computations do not aligto
go beyond this qualitative conclusion and, to reach quetivté re-
sults, we need to resort to numerical experiments. Howéetore
turning to them, let us analyze why the check perfomed by F&KEO
attempting to simulate mass concentration, rather thaatiorg of-
fers no check at all.

FKEO6 adopt their set-up corresponding to (small disc, ieav
supercluster, one scalelength distance), they createsgeclwith
a mass of107M® and a scalelength equal to the disc scalelength
(0.5 kpc) and, finally, they shrink that scale distance todhe of
the cluster (25 pc) on a time scale equal to the crossing tirtteeo
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cluster (3.7 My). The problem is that, again, they createsfiasn
nothing. If we assume that the shrinking process is fast gmso
that the stars of the galaxy change their positions velg liftiring
that process, it is obvious that, in the end, they would haeeagl
essentially the same (negative) potential energy as iflttstar had
been created instantaneously with the final scalelengtimFig.

1 of FKEO6 we can estimate the velocity dispersion at one disc
scalength radius as about 40 ki dor the small disc, that is, it will
take an average star about 10 My to traverse the scale lefititb o
original cloud which is an interval long enough, comparedhiat
of the scalelength change, to accept that the stars have gwatdm
much during the shrinking process. In other words, the ¢darnce
of the result of this model with the original one is exactlyatbne
could have expected, and it is no proof that the creation dfena
to build the cluster does not affect the amount of gained mass

3 DESCRIPTION OF THE NUMERICAL EXPERIMENTS

In order to establish a quantitative proof of the abovenoertil
qualitative discussion, we performed a series of numesggpkr-
iments. We first set up a background galaxy in equilibrium €om
posed of a disc and an analytic halo, without a bulge. Theidisc
realized using x 10° particles laid down according to the follow-
ing distribution function:

fa o exp (—ﬁ) sech? (i) X
Rd z0

1 (2 Vp — Vq)2 vg
<_§+M+_2 ,
(o= Ty (o

that is, isothermal in the vertical direction with scalefieizo
(Spitzer 1942), exponential in the radial direction witlalstength
R4, and axisymmetric. The velocities are Gaussian, with dispe
sionso., or ando, in each direction respectively, and a mean
acimutal velocityvq (R). The parameter®y andzo are input pa-
rameters, as well as the total mass of the digg. From these,
the dispersions and; (R) were computed following the recipe of
Barnes (1992).

The potential of the halo is given by

®(r) = vy In (r2 + RS) ,

@

@)

that is, a spherical logarithmic potential with asymptaticular
velocity v/2vo and core radiusk.. Both vy and R, are input pa-
rameters.

We choose units such that the gravitational consant 1,
R. = 2.5 and My = 10. With this choice, we seRq = 1.5, 20 =
0.25, andvy = 2.287. Using the equivalenced/y = 10'°M¢,
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Figure 2. Circular velocity (solid line) and three-dimensional \&ty dis-
persion (dashed line) of the galaxy, usihy = 101°M, andR. = 2.5
kpc.

those inside the radius. The total mass of the infalling particles
is My, the mass of the future cluster. This in turn determines the
radiusrs as that which is required fak/g to be the desired frac-
tion. The centre of the sphere is put in a circular orbit ofuady.
The free fall is achieved by adding to the acceleration ofctine-
sen particles that of a homogeneous sphere, the densityiohwh
is such that the free fall time is a desired valge The particles
are kept under the influence of the added acceleration tmayl t
reach a small fiducial radiug: with respect to the centre of the
sphere, from which point they are given the velocity of thertee
and freed from the falling. After that, if any of those pakileaves
the sphere of radiubg, it is forced to fall again. This second ap-
proach implies that the mass of the cluster is taken from &hexg
itself.

Table 1 shows the parameters used for the different cluster
models in our experiments. Model names starting with P refer
experiments in which the cluster is simulated through a Riem
sphere; names starting with C indicate simulations in whiah
mass of the cluster is concentrated from the environmeat,ish
the free fall generated clusters (although these modelsairizee
fall experiments in a strict sense, we will still call thenedrfall
models for simplicity).

Model P1 is our basic model: the growing time corresponds to
the crossing time of the Plummer sphere, the radius of theleir
orbit equals the scalelength of the disc, and the mass ofltiséec
is 1/500 of the mass of the disc. Model P1b is like model P1 but

andR. = 2.5 kpc, these units correspond to the high-mass galaxy has a Plummer’s scalelength equal to the radius of the fhidinfa

of FKEO06, although our model differs somewhat from theirthie
velocity space, as can be seen comparing Fig. 2 with Figure 1 o
FKEO6.

Our cluster is built up in two different ways: a) By lettingeth
potential of an analytical Plummer sphere with scalelegtand
total massMp to grow from zero to its maximum strength. The
growth is achieved by varyin@/p linearly with time during an in-
terval tp equal to the crossing time of the final Plummer sphere.
The centre of the potential is put in a circular orbit of radip.
This approach implies assuming that the mass of the clistakén
from outside the galaxy. b) By letting a fraction of the pelds in-
side a sphere of total magd; and radiusrs move as if, instead
of their original velocities, they were in free fall with et to
the centre of the sphere. The particles are randomly charen@
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sphere. This is to verify whether the difference betweemndbg
is affecting the comparison between the Plummer and thefdike

models. Model C1 has the same mass as model P1, and the same

circular orbit. The free fall time was chosen equal to thaviofel
P1, and the free fall radiugr was chosen 1/100 of the scalelength
of the disc, comparable to the scalelength of model P1. Tlieda
mass corresponds to a 10 per cent of the mass inside radius
Models P2 and C2 are the same as P1 and C1, respectively,
but the radius of the circular orbit is doubled, in order tol a
different ambient for the cluster. Models C2b and C2c aretide
cal to model C2, but the falling masses correspond to a 5 pgr ce
and a 20 per cent of the mass inside the sphere of radju®-
spectively. These models, which vary only the radius of fitese
from which the mass to be concentrated is taken, allow a garifi
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Table 1. Parameters of the models

Model bp bst %% teite  Rp. g 12—1 ]JVV[;: Jj\vf[; 11&11; 1]5; t’ 1]&}; t

P1 0.025 0.002 0.175 15 - - 0.0993 0.0068
P1b 0.015 0.002 0.081 15 - - 0.1011 0.0083
C1 0.015 0.002 0.175 15 054 0.10 0.0392 0.0027
P2 0.025 0.002 0.175 3.0 - - 0.1494 0.0146
Cc2 0.015 0.002 0.175 3.0 0.56 0.10 0.0322 0.0100
C2b 0.015 0.002 0.175 3.0 0.77 0.05 0.0417 0.0118
C2c 0.015 0.002 0.175 3.0 0.41 0.20 0.0273 0.0092
P3 0.025 0.001 0.250 15 - - 0.0550 0.0030
C3 0.015 0.001 0.250 15 0.54 0.05 0.0134 0.0008
P4 0.025 0.003 0.143 15 - - 0.1401 0.0109
C4 0.015 0.003 0.143 15 0.54 0.15 0.0292 0.0051
P5 0.025 0.010 0.078 15 - - 0.2953 0.0293
C5 0.015 0.010 0.078 15 1.13 0.10 0.2256 0.0102
C5b 0.015 0.010 0.078 15 0.81 0.20 0.1981 0.0164
C5c 0.015 0.010 0.078 15 0.54 0.50 0.1188 0.0096
S1 1.5t00.025 0.002 0.175 15 - - 0.0991 0.0105
S1b 0.25t0 0.025 0.002 0.175 15 - - 0.0980 0.0107

tion of what was said in Section 2 with respect to changingsthe cluster those particles with both negative energy andipositside

of the cloud. Models P3 and C3 are also the same as P1 and C1, but;. In order to determine the value of for each experiment, we
the respective clusters have half the mass, and, corresgiynd followed the working out of Binney and Tremaine (20@8,3.1),

a larger crossing/free fall time. Models P4 and C4 have ggi but replacing the acceleration of a point mass galaxy byahatir
the mass of models P1 and C1, respectively, and a corresgpndi disk plus halo system, and the acceleration of a point masHita
shorter crossing/free fall time. These four last modelsewan in by that of our cluster. The resulting equation is:

order to assess how much the results are affected when tiseafhas 5
the cluster is changed. GMn(Rp —x) | Vea(Re —x) GMc(z)

(Rp — x)? Rp —x 2

Model P5 corresponds to a Plummer sphere that grows to a
i i . Rp — Rp —

whole_l per cent of the_mass of the disc. Model C5 is t.he corre GMh(Rp)( p - x) V2 (Rp) p _ z
sponding free fall experiment, where the mass of the clust&0 R} R}
zeSr cent 9; th? m?fs |n5|(;je|tgz Sghf:ﬁ 0]; rﬁ_dguModels C5bmaar;d where0 < = < Rp, My(r) is the mass of the halo inside distance
i c;(;e iaen |cta c;mc;oe ' l: fteh aling mas_sdestﬁo hp fof its center,Mc () is the mass of the cluster inside distamaz
0 a <o per cent and a 5t per cent of the mass Inside the Sphere of center, and’2 (r) is the squared circular velocity of the disk at

radiusrs, respectively. Model S1 corresponds to a Plummer sphere _ . . . . .
S : 4 . - a distance- of its center given by (see, e.g. Binney and Tremaine
that is born with all its mass, but with an initial scalelémgb o 9 v ( 9 y

=0, (4)

equal to the scalelength of the disy. This scalelength is shrunk 2008)

according to V2 (r) = 4nGSa Ray® [To(y) Ko(y) — I (y) K1(y)] (5)
1—exp(t—t whereX4 is the surface density of the disg,= r/(2Rq4) and Iy,

be(t) = (bpo — bp’f)ﬁ(—t:)) +bps 0<t<te, (3) I, Ko and K1 are modified Bessel functions. T/rge val)uewﬁhat

satisfies Eq. (4) is our tidal radius.

wherebp  is the final value of the scalelength, after a titaeequal We also used the tidal radius as one of the criteria to define

to the crossing time of the final Plummer sphere. This modekteo membership in the free fall models. In these cases, howexer,

sponds to a cluster similar to that of the last numerical erpent have replaced/c(z) in Eq. (4) by Mg, that is, the total mass of

of FKE06 (by the way, there is probably an error in their Eprat the cluster. This amounts to considering the cluster asra pwss,
(3), since at = 0 the Plummer radius is not the initial radius).  which is a good approximation provided that the free fall bhs
Model S1b is similar to model S1 but with the initial Plummaer r ready finished and that its radibg is smaller than the computed
dius reduced to a sixth, in order to probe whether the sizé@®f t r, —that was the case in all the experiments. The other criterio
initial radius has any influence in the capture of mass duilirey negative energy, was computed by first finding which pasiolere
shrinking stage. geometric neighbours of the center of the free fall with tlecd
The experiments were run until= 3, corresponding to al- a friend-of-friend algorithm, taking 0.70 of the mean ipirticle

most one period of the cluster when put in a circular orbitasf r  distance of the 90 per cent most bounded disc particles dilthe
dius Rq. The code used wasFORTRAN77+MPI version of the cial maximum neighbour distance, which sufficed to neathaie

paralellized tree code of Viturro and Carpintero (2000Jatt in a the cluster from its surroundings. We then computed thegynafr
cluster of twenty-four 1.86 GHz processors; each experirnuak these particles with respect to the set, and discarded thitdspos-
approximatelyl0.5 x 24 hours of CPU time. itive energy and/or outside the tidal radius. This step —atation

In order to assess which particles were added to a clustar whe of the energy and discarding— was repeated with the rentppan
modelled as a Plummer sphere, following FKE06, we computed ticles until only particles inside the tidal radius and witegative
the energy of the particles with respect to the sphere, dsaw¢he energy were left; these particles were considered the mendie
tidal radiusr, of the latter. We then considered as acquired by the the cluster. Also, during the free fall, the list of membeisveon-

© RAS, MNRASO000, 1-6
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Figure 3. Percentage of mass acquired by the cluster in models Pigthrou
P4 and C1 through C4, as a function of time.

sidered empty, since the tidal radius along that period tsaredl
defined.

Nevertheless, for a supercluster in a circular orbit arotined
galaxy, the membership criterion should not be based inribegy
of the particles with respect to the cluster, but on the Jdotdgral,
i.e., that energy corrected by the tidal effects. In fact,had used
the criterion based on the Jacobi integral in a series of rgaqpe
orbits inside galactic satellites (see, e.g., Carpintesd.€.999 and
Muzzio et al. 2001). Therefore, we also decided membersitip w
a different criterion requesting, first, that the Jacobegnal was
negative and, second, that the particle was within the taidius.
The Jacobi integral of each particle was computed addingsto i
energy with respect to the cluster its potential energy wagpect
to the galaxy and its centrifugal energy; the constant optitential
was chosen so that the total potential energy was zero aidle t
radius.

4 RESULTS

Fig. 3 shows the percentage of trapped particles of the Inasi:
els P1 and C1, when the orbit of the cluster i2 &Y (models P2

Trapping of stars by a supercluster 5

details of the final scalelength of the Plummer sphere. Weatsm

see that model C2b traps more mass than model C2: as we had
anticipated, it is the expected behaviour when a largeainidius

rs is used. Model C2c, on the other hand, having a smallénan
model C2, acquires a little less mass than the latter.

The heavy models P5, C5, C5b and C5c also show the same
trends. Although in the case of model C5 the trapped masgigof
same order of that in the corresponding Plummer model, tiner ot
two acquired much less mass. These models clearly showrhat t
percentage of trapped mass depends on how the mass of tteg clus
is gathered from the galaxy: the smaller the region of ambierss
that is used to build the cluster, the more additional maasqsired
after the cluster is formed.

Finally, the trapped mass of the experiments S1 and S1b, as
expected, is almost the same as in model P1, that is, theksigin
of the scalelength of the Plummer sphere has no effect wiaaso
on the accumulated mass, as could be expected from our slisous
of Section 2. Besides, since the crossing time of the origitoaid
is reduced by to one-sixth when going from model S1 to model
S1b (from 1.54 units of time to 0.25), whereas the shrinkimgtis
held constant (equal to the crossing time of the final conditiom,
0.175 units of time), a typical galactic star can cross atntios
entire radius of the cloud in the time that that cloud redutes
size. Therefore, the assumption of instant collapse, adoipt the
discussion of Section 2, is not critical.

5 CONCLUSIONS

Our results confirm the finding of FKEO6 that, during the forma
tion of a supercluster in a dwarf galaxy, some mass can be addi
tionally gained from trapped disc stars and that the capitoeess
essentially ends with the formation of the cluster, withuwétly no
gains afterwards; the exceedingly small amount of captoyesn
already formed cluster has been also found by Mieske and Baum
gardt (2007).

Nevertheless, while FKEO6 do not assigh much importance to
the process of formation of the cluster and simply simuliteth
a mass that grows linearly with time from zero to its final wlwe
consider that the details of such process are crucial farépping
dynamics. We have shown in Section 2 that, in particulagtang

and C2), and when the mass of the cluster is half and one and athe mass of the cluster from nothing originates forces aterpials
half that of models P1 and C1 (models P3, C3, P4 and C4, respec-fairly different from those that appear when the clustemisrfed

tively). It is clearly seen that the analytical Plummer micdaps
more mass than the free fall in all the cases, that is, thepéchp
mass depends on whether the mass of the cluster is taken étsm o
side the galaxy or from the galaxy itself. Model P3 (the lessire
Plummer model) is the only one that captures a mass comparabl
with the free fall models (but substantially larger thart tteptured

by its equivalent model C3). In all cases, the fluctuatiorteécap-
tured mass after the cluster finished its growth are due ticjes
close to the tidal radius and with energies close to zerogfoee
oscilating between trapped and non trapped stages.

Table 1 shows in its last column the mag& acquired by the
cluster in each experiment, as a fraction of the mass of thsten
Mp or Mg. These data were taken at a representative time2,
that is, after about two thirds of an orbit of the cluster siits birth,

a long enough interval compared to the growing time of any of
the models. Clearly, all the free fall models captured atersibly
less mass than the corresponding Plummer models. We canmetee t
there is no significant difference between model P1 and nfote]
therefore, the accreted mass does not depend significamtliyeo

© RAS, MNRASO000, 1-6

concentrating matter already present in the galaxy and #saa
result, less trapping should be expected from the latterasce

We performed several numerical simulations similar to ¢hos
of FKEO6, where the mass of the cluster is created out of noth-
ing (our P models), together with others that only diffemfirthe
former in that the cluster is formed concentrating mass fthen
galaxy (our C models). In all cases, the mass gained by thed® mo
els was smaller than that gained by the P models, the mosinestr
examples being those of models C2c and C4 which gain onlytabou
one—fifth of the mass gained by their equivalent models PZahd
respectively.

The difference in gain depends critically on the size of thie p
mordial cloud from which the C models get their cluster mater
the smaller the primordial cloud, the larger the differemcgained
material. Since in our models the mass taken from the cloud to
build the cluster is uniformly distributed all over the cthuhe size
of the cloud correlates inversely with the fraction of maasen,

i.e., the larger the fraction of mass the smaller the cloudstvbf
our models take that fraction between 0.05 and 0.20, i.e.nught
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assume that that is the fraction of gas in the galaxy and that a
the gas within a certain region (our primordial cloud) cpfias to
form the cluster. As a result, the less massive clustersaanseid
from smaller regions and for them the differences betweemthass
creation and mass concentration scenarios are the la@eshe
other hand, our model runs into trouble for the most massipers
clusters. To create a supercluster with one—hundredth #es of
the galaxy we need either to assume an implausibly highiéract
of collapsing mass of 0.50 (model C5c) or, for a more readenab
fraction of 0.10 (C5) or 0.20 (C5b), to accept that the masse
from a primordial cloud of radiu$.13R4 (~ 1.7 kpc) or0.81R4

(~ 1.2 kpc), respectively. Now, clouds of such size should be suf-
fering the effect of the differential rotation and the tidaices of
the galaxy, making very unlikely their collapse to form thegper-
cluster. The formation of such a huge supercluster probpiay
ceeds by separate stages, with smaller clusters being dofinsé
and later coallescing to create the supercluster, so thartiounts

of trapping predicted for this case by the simple models oEB&
and ours should be regarded, at best, as very doubtful.

Cluster formation is certainly a very complex process with e
fects ignored by the models of FKEO6 and ours, such as gasrdyna
ics and magnetic fields playing a significant role (see, eahl8r
and Palla 2004), and supercluster formation is probably evere
complex. It is clearly an understatement to say that our fsaate
only a very crude representation of the dynamics of this ggec
but our point is precisely that, since the trapping takeseldur-
ing the cluster formation, it is vital to take into accoung tthetails
of that process to correctly evaluate the amount of matigpid.
Crude as they are, our models have over those of FKEO6 the big
advantage that they use mass already present in the galaxy in
way that is undoubtedly far from how real clusters are fornioed
which is certainly closer to reality than creating mass frooth-
ing. Moreover, the results of our models confirm what a simple
reasoning suggests, i.e., the amount of matter trapped isoooe-
what more realistic scenario of mass concentration is anbatly
smaller than that which results from creating the mass ofli&er
out of nothing.
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