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See more details in Fernández-Trincado et al. (2014a)

Image by: http://hipacc.ucsc.edu/Bolshoi/Images.html



  

We use the Bolshoi Run, a 
cosmological Dark Matter only 
simulation over a cubic volumen of 
250h-1 Mpc.

z = 80 → z = 0
More details in 

http://www.multidark.org/MultiDark/

 The Bolshoi simulation is the most 
accurate cosmological simulation 
of the evolution of the large-scale 
structure of the universe yet 
made (“bolshoi” is the Russian 
word for “great” or “grand”).  

More details in 
http://www.multidark.org/MultiDark/
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Our Sample

[1] Host halos (halos that are not inside a larger halo) with circular velocities Vc ≥ 

300 km s-1 (≥ 1 x 1013h-1 M
sun

)

[2] Sub-halos with circular velocities Vc ≥ 75 km s-1 (≥ 5 X 1010h-1 M
sun

)

[3] Finally, we associate each host halo to its most massive sub-halo
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Bullet Geometry

Results

Three main stages in a 
Bullet-like enconunter 
with |μ| ~ 1. First, when 
the sub-halo crosses the 
virial radius of the host 
starting a head on 
collision Doff ~1 and μ 
~-1. Second, as the 
sub-halo crosses for 
first time the center of 
the host halo Doff<1.0 
and μ ~1. Third, as the 
sub-halo reaches 
apogee and comes back 
to the center of the halo 
Doff < 1.0 and μ ~ 1.
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Dark Matter – Dark Matter displacements

(186±30) h-1kpc = mean value and uncertainties in the separation between the two dark matter clumps 
estimated in Gastaldello et al. (2014) for the SL2S J08544-0121.

Between 40% to 60% of the groups show a displacement equal or larger than this observational 
benchmark. This fraction rises to 60% and 80% in clusters.
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Dark Matter – Gas displacements



  

Markevitch, M. (2006) Gastaldello, et al. (2014)

Bullet Cluster
z=0.3

            Mass = 

Bullet Group
z=0.351

            Mass = 

The group of galaxies is known as SL2S 
J08544-0121

The group of galaxies is known as 1E 
0657-56
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Thanks you very much!!!
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