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Gustavo Bruzual & Stéphane Charlot, eds.

c© International Astronomical Union 2010
doi:10.1017/S1743921310003571

Galaxy disc heating as a result
of minor mergers

M. T. Tapia1, M. Balcells1 and M. C. Eliche-Moral2
1 Instituto de Astrof́ısica de Canarias, Vı́a Láctea S/N,
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Abstract. We perform a sample of N-body simulations of a minor merger between a Milky Way
type galaxy and a satellite, which is density scaled version of the primary galaxy. In this suite of
collisionless runs we change the value of some critical parameters like the luminous mass ratio
between the two galaxies (1 : 6, 1 : 9), the type of orbit (direct or prograde) and the number
of particles (185, 000, 555, 000 and 1, 850, 000). We estimate the disc thickening by measuring
the median of the vertical scale and we find that that the merger increases the scale height in a
factor of ≈ 2 in all the remnants.
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1. Introduction
A lot of numerical n-body simulations have been done during the last decades to study

the effect of the minor mergers in the galactics disc with great detail (Quinn et al. 1993,
Hernquist & Mihos 1995). One of the main conclusions of these studies is that the fusion
processes in the range of Msat/Mdisk ≈ 0.05 − 0.2 can cause a vertical grow of the disc
in a factor between 2 and 4, depending to the distance at the galactic centre. Since it is
still an open question the relevance of the minor mergers in the grow of the galactic disc,
is very important to give better measurements of the disc thickening due to the satellite
acretion.

2. Models and Results
We build a Milky Way type galaxy with the GalactICS code (Kuijken & Dubinski 2005,

hereafter KD05) which consist in an exponential disk, a King bulge and a dark halo. The
parameters of the model are the same as the called “A” by them. The satellite is a reply
density scaled of the primary as is it described in González-Garćıa & Balcells (Gonzalez-
Garcia & Balcells 2006). We use three different number of particles (185, 000, 555, 000,
1850, 000), 2 luminous mass ratio and encounter orbits (tab. 1). The 12 final models were
executed in LaPalma cluster and we let it evolve during ∼ 3 Gyr and ∼4 Gyr for the
luminous mass ratio of 1/6 and 1/9, respectively. To assign a name to the models we use
the next nomenclature: MαNβγ, where M means model, α the initial luminous mass
ratio between the satellite and the bulge of the primary, Nβ the number of particles and
γ if the fusion is direct (D) o retrograde (R).

We measure the median distribution of the particles weighted by the particle mass at
four fixed radial positions (1/10,1/3,1/2,1) of the radial length, each one with a width of
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Table 1. Scale and orbital paramateres of the models

Gm o d e l o M R1 M R2 RS /RP LZ , 0 e Rp e r i Vp e r i θ1 tt o t

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

M2TF35D 1/2 1/6 0.46 0.4815 0.907 0.73 1.981 30 150
M2TF35R 1/2 1/6 0.46 0.4815 0.907 0.73 1.981 150 150
M3TF35D 1/3 1/9 0.39 0.3532 0.900 0.79 1.793 30 200
M3TF35R 1/3 1/9 0.39 0.3532 0.900 0.79 1.793 150 200

col.(1):model group, col.(2):satellite luminous mass ratio between the satellite and the bulge of the primary,
col.(3):initial luminous mass ratio, col.(4):initial half mass radius ratio, col.(5): initial orbital angular moment,
col.(6):orbit excentricity, col.(7):pericenter distance, col.(8): pericenter velocity, col.(9): initial angle between
the orbit angular moment and the disc spin of the primary,col.(10): total timesteps in simulation units.

3% (Fig. 1). To estimate and correct our measurements by the numerical heating of the
disc, we did in the same way as Eliche-Moral et al. 2006 (hereafter EM06).

Figure 1. Median of the vertical distribution of the final remants separated by model, radial
position and component. The triangles are all the luminous material, the asterisks to the primary
disc, the diamonds to the satellite disk and the cruises the satellite bulge. These measurements
are corrected by the numerical thickening of the disc.

3. Conclusion
The numerical thickening of the disk depend of the number of particles, our 185, 000

particles models have an average value of 0.019, the 555, 000 of 0.0064 and the 1, 8500, 000
of 0.0062 in close agreement with KD05 and EM06. After correct our models, all of them
have a vertical scale ≈ 2. We find that there is not a clear relation between the model
and the value of the median at different radial positions, so the disc growth is most likely
due to global instabilities than two-body effect.
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