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Principal Conclusions

Conclusions Part I: Collisions Between Spheroids

Mergers of elliptical galaxies

From simple merger experiments with spherical progenitors we have been able to repro-
duce many observational properties of Elliptical Galaxies. As expected, equal mass or nearly-
equal mass mergers are highly efficient in changing the initial state of two galaxies. Surpris-
ingly, the end-products can take many different forms. Projection effects may be quite im-
portant in understanding many properties of elliptical galaxies like ellipticity distributions,
v/σ, diskiness-boxiness, etcetera.

For experiments without dark matter, we find:

• The initial orbital angular momentum defines the shape of the remnant to a high de-
gree.

• Head-on collisions result in prolate radially anisotropic spheroids while non-head-on
collisions result in oblate spheroids.

• Interactions and mergers of ellipticals with mass ratio different from 1 in non-head-
on collisions result in the formation of a rotating disk of stars in the inner parts of the
remnants.

• For most remnants, disky deviations in the isophotes are obtained, especially in mod-
els with impact parameter D 6= 0. Diskiness-boxiness is point of view dependent.

• Shells may form in collisions involving systems with a large difference in mass.

• We observe the formation of a tumbling feature for models with impact parameter
D 6= 0 and mass-ratio close to 1.

For experiments with dark matter, we find:

• The shape of the dark matter halo is similar to the shape of the luminous body.

• Most merger remnants have prolate or highly triaxial non-rotating luminous compo-
nents.

• Shells and plumes that may form as a consequence of the interactions are more long
lasting than in models without a dark halo.
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Given the large range in properties observed we may conclude that the formation of
elliptical galaxies (at least for high-luminosity ones) can be explained by mergers of ellipti-
cals.

Given the differences between systems formed during mergers without and with a dark
matter halo we propose two schemes as formation mechanisms for elliptical galaxies in
different environments: ellipticals in clusters feel the diffuse potential well of the cluster
and may be compared with our simulations without halo. Ellipticals in the field feel more
strongly their own dark matter halo and therefore would be better modeled by our second
set of simulations. Given the different morphologies of the resulting ellipticals this scheme
is in principle testable by observations.

Mergers of E’s and the FP

Mergers of elliptical galaxies initially placed on the Fundamental Plane, both with and with-
out a dark matter component, lie on the same FP as their progenitors. Thus:

• The FP is not destroyed by one or a few merger events.

• Projection effects lead to noticeable scatter about the FP and could explain up to a
third of the observed scatter.

• Subsequent mergers of ellipticals, with a DM halo, may increase the scatter of the FP
relation, but more calculations are necessary to see if this destroys the FP.

Conclusions Part II: Collisions Between Disks

Mergers of disks

We have two different sets of initial models, one without a bulge and one with a bulge larger
than in previous samples in the literature. From our simulations we can conclude:

• The size of a bulge in a merger between disk galaxies may provide a key to different
characteristics of the remnants.

• In this sense, mergers of disk galaxies, with larger bulges than used in previous ex-
periments described in the literature, may give a better agreement with observations.
This may reconcile collisionless mergers of disks with the formation of elliptical galax-
ies without resorting to considerations of gas dynamics.

• Tidal tails, bridges, shells and other features are formed during collisions. They leave
clear signatures in the mergers remnant that an interaction has happened. Tidal tails
last longer for models with a large bulge and they are in any case more prominent for
disk mergers than for mergers of spheroids.

• Shells form in disk mergers and could be dependent on bulge size. We find signatures
for the shells formation as sharp features in the Vr vs. E plot.

• Equal mass mergers show a variety of shapes while non-equal mass merger remnants
tend to be nearly oblate. In general, systems become more oblate with increasing ra-
dius from the center. As expected, the presence of a prominent spherical bulge results
in round final objects.
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• Surface density profiles follow the de Vaucouleurs law closely. Sersic’s R1/n law pro-
vides slightly better fits, especially in the inner parts. Systems including a bulge tend
to give larger values of n. At large radii there are deviations from both profiles. This
could be non-relaxed material.

• Boxiness-diskiness of the isophotes is point of view dependent, although equal mass
mergers give a larger number of boxy deviations and non-equal mass mergers more
disky ones.

• Models with a bulge result in higher rotation than those without a bulge. In fact mak-
ing the bulge larger may be a solution to match observations for low-luminosity el-
liptical galaxies. Models with a bulge give oblate rotators with a mild ellipticity while
a smaller bulge makes the remnants more flattened, triaxial (or prolate) non-rotating
systems.

Kinematically Decoupled Cores (KDC)

We give a new formation mechanism for KDC’s. This mechanism involves collisionless
mergers of disks. The disks are initially placed on slightly retrograde orbits. Their spins
form an angle of about 135o with the initial orbital angular momentum.

We then find:

• The merger remnant presents counter-rotation in the inner parts.

• The size of the KDC depends on the mass ratio of the progenitor galaxies.

The Fundamental Plane from mergers of disks

Mergers of disks with several different characteristics may be placed on a FP relation, al-
though different mass ratios would give different locations with respect to the FP.

When properly scaled, these models show the following:

• In order to have a FP relation, the initial disks must follow a Tully-Fisher relation close
to the observed one and there must be a relation betweenM/L and L.

• Then for a TF exponent from 3.5 to 4 and α ' 0.15 (M/L ∝ Lα) we find the remnants
on a FP relation like the one observed. The scatter introduced by mergers of discs and
projection effects is comparable to the observed scatter about the FP.
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