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Discovered as a failed
cluster (Tucker et
al.1995):

a large cloud of hot-
gas

First observed by Chan-
dra (Markevitch et
al.2002):
a bullet-like subclus-
ter exiting its main
cluster with a bow
shock

a system of two colli-

X-ray:nM-arkevitc-h et al. (2004)
Lensing Map: Clowe et al. (2006)
Optical: Clowe et al. (2006)




transverse trajecto-

fifst core pas-
sage

Chandra 0.5 Msec image
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center of mass = center of galaxies center of mass # center of plasma

direct proof of the existence of nonbaryonic
dark matter



Hayashi & White (2006)
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Farra & Rosen (2007) reestimated
the likelihood of bullets, using the

updated data:
Bshock = 4500 km/s V, . =4740 km/s

=2380 km/s l %

=1770km/s
f=10"
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main

The bullet cluster seems to be quite
unusual in LCDM...



Hydrodynamic simu-
lations by Springel & Vi V.
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IE0657-56

Gas of the main cluster Gas of the main cluster
escape the gravitational could not escape the
potential. gravitational potential.

The velocity of the bullet cluster is not
fast enough!
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A flat LCDM with
Wm=0.25, h=0.7 Crocce et al.

(2010)

ns=0.95, s8=0.8

Lbox = 3h-1Gpc: lar- |
gest ever!

ICE

# of particles = 2048

M par= 2x1011 h-1M- http:/segre.ieec.uab.es/fosalba/MICE/
sun



Identified by the | Blue: particles
friends-of-friends al-  [identified by FoF

gorithm with a lin-
kage parameter -

the number of
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B

z the number of the number of the mean mass of

clusters clusters of clusters® main clusters

0 2.8 million 0.29 million 1.3 x 10" h=1 M,
0.5 1.7 mallion 0.20 milhon 1.1 x 10" =t Mg




2<R/R200<3

1:10 s rati
head-on/mer- -

ding(10'>hMsun) %0,




M ain the number of the number of

(108 h 1M )] clusters of clusters bullet-like systems
at z = () at z = (
> 0.5 8523 2189
> 0.7 3135 1135

> 1 011 351




M ain the number of the number of

(10 R clusters of clusters bullet-like systems
at z = 0.5 at z = 0.5
> 0.5 3108 186
> 0.7 300 73
> 1 138 27




p(logV,)

log[V /(km/s)]

\
3.2

A

(logV,—v .)"

P(Ve 23000 km/s)
=3.3x10"" atz=0

1800 km/s



10

p(logV,)

3.2

log[V_/(km /9)]

3.4

A
2500 km/s

| P(V:=3000 km/s) =3.6x10”
] atz=0.5

» slows down

the

structure for-

mation.



IE0657-56 requires Vc~3000 km/s at
2R200 (Masptropietro & Burkert 2008).

While LCDM predicts

P(Ve=3000 km/s) =3.3x10"" atz =0,
P(Ve=3000 km/s) =3.6x10” atz=0.5.



How accurate is
our estimate of
R200 ?

It depends on the
halo concentratiors
and the number o*
particles.

Rfof/R200 ~ 1.1.

Good enough!
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How does the final
result depend on the
linking length, b,
used to identify clus-
ters of clusters?

Almost no change
as the value of b
changes.

Statistically robust.
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Rx1|134.7-' oy | MACS ]0025.4-
(Komatsu et (Bradac et

al.2001) al.2008)
Vshock~

3900 km/s




The observed property of IE0657-56 calls
for a high infall velocity: 3000 km/s at
2R200.
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