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* Bullet Cluster and why Iit's interesting

* Review of searches in N-body simulations and
their shortcomings

» Searching for Bullet-like systems in Dark Sky
Simulations

e Summary



The Bullet Cluster system

Observed at z~0.3
Separated by 0.7 Mpc
Masses M;~1.5 10 Mgyyand M,~1.5 10 Mg,

Collision head-on and perpendicular to the line of sight

Shock front velocity ~ 4700 km/s but relative velocity in
hydrodynamical simulations smaller

motivation = is such a system likely/consistent in LCDM

Estimates of probabilities ranging from 10-11 (Lee&Komatsu 2010) tO
1% (Hayashi&White 2006) !
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Initial conditions to reproduce the
collision

* From non-cosmological hydrodynamical
simulations
- Springel & Farrar (2007) d,, ~ 3.4Mpc and v,,~2060km/s
— Mastropietro & Burkert (2008) d,, ~ 5Mpc and v,,~3000km/s at

z~0.5

 |deal for N-body simulations because the
clusters are well separated (configuration space
based halofinders have difficulties resolving the
‘actual’ collision at z=0.3)



Millenium Run: Hayashi&White
(20006)
« MR: 500Mpc/h box

- Not many extreme objects in
terms of mass

* Looked for a subcluster moving
away with at least 4500km/s
(shock front velocity) separated
by at least 0.7Mpc at z~0.3

* Had to extrapolate to get pdf-s
for host halo mass > 1014 Mg, /

h

—— Mypo>10™ Mg/hi

» Probable within LCDM (1%) but S Mygg>3x10™ Mg/

. - M }1D15 MI h
uncertain to 2 orders of o q/ :

magnitude dependent on the : 0.5 1;;0 /v1.5
V6|0City cut sub/ V200




Lee & Komatsu (2010)

 Used MICE (3Gpc/h box
with 20483 particles)

 Reapplied FoF to clusters
to find subclusters

* Probability of finding
M&B(2008) initial
conditions at z=0 iIs

~101:determined by
Gaussian interpolation =>
Improbable in LCDM




Thompson & Nagamine (2012)

« Examined the effect of S P
the box size and 1N T
resolution in N-body N T ko0 128
sims. on the pairwise
velocity distribution of
DM halos

e Better resolution and
bigger box extend the
tail of the pairwise
velocity pdf
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Figure 7. Cumulative vyp function of DM halos at z=0. This
fipure shows how increasing the box size increases the number of
high-117 pairs, extending the tail of the distribution.




Thompson & Nagamine (2012)
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« DEUS-FUR (box length 21Gpc/h but poor resolution)
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Figure 4. Redshift evolution of the probability density function of the pair-
wise velocity for FoF(b=().15) halo pairs from the DEUS-FUR ACDM-W7
simulation with distance separation diz < 10 h—1 Mpc at z = 0.5 (black),
z = 0.3 (grey) and z = 0 (light grey) respectively.
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« DEUS-FUR (box length 21Gpc/h but poor resolution)
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Figure 4. Redshift evolution of the probability density funct Figure 2. Probability density function of the pairwise velocity from the
wise velocity for FoF{b=0.15) halo pairs from the DEUS-FU DEUS-FUR ACDM-W7 simulation at z = 0 for pairs with separation
simulation with distance separation d1z < 10h—! Mpcatz diza < 15 h—! Mpe detected assuming linking-length values b = 0.1
z = 0.3 (grey) and z = 0 (light grey) respectively. (light grey), b = 0.15 (grey) and b = 0.2 (black) respectively.
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« DEUS-FUR (box length 21Gpc/h but poor resolution)
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Figure 4. Redshift evolution of the probability density funct Figure 2. Probability density function of the pairwise velocity from the
wise velocity for FoF{b=0.15) halo pairs from the DEUS-FU DEUS-FUR ACDM-W7 simulation at z = 0 for pairs with separation
simulation with distance separation d1z < 10h—! Mpcatz diza < 15 h—! Mpe detected assuming linking-length values b = 0.1
z = 0.3 (grey) and z = 0 (light grey) respectively. (light grey), b = 0.15 (grey) and b = 0.2 (black) respectively.

Estimate P(v,,>3000km/s) ~ 6*10° " LCDM (using b=0.15)



Other approaches

* Forero-Romero et al.
(2010) looking at 2D
projected
displacement between
DM and gas in
MareNostrum
simulations - find
Bullet-like
configurations in 1-2%
Of cases 63.0 63.2 634 6356

x [h~"Mpc]

Mass ~ 1.0 10 h-"Mgyn, z=0.3







* Most of the inconsistency arises from
Inadequate size of the N-Body simulation, so
the tail of the distribution needs to be
extrapolated — Bigger boxes and better
resolution needed

» Lots of arbitrariness — the dependence on the
cuts in the parameters must be explored In
more detall
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For a gravitationally bound system
: 1/2
expect the scaling to be v, ~ M
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Bound system?

For a gravitationally bound system
expect the scaling to be v, ~ M

1/2

Prelim.

O0Mpc/ h<d,, <4 Mpc/h
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Bound system?

For a gravitationally bound system
expect the scaling to be v, ~ M

1/2

Prelim.
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<Mz> > lOMM@jh

» < 10 Mpc/h

» < 6.67 Mpc/h
» < 3.33 Mpc/h

—— no correlation

100

Angle in degrees

Prelim.
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High pairwise relative velocities are not from the Hubble flow and
originate from the attractive force and are expected to be more head-on

Prelim.
<M> > 1%10"* M/ n

« Vvia < 500km/ s
« 500 km/s < vyp < 1000km/ s
Via > 100(}](11'1/‘;

—— no correlation
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Collisional angle dependence on
PERS
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more and therefore have a larger probability for a head-on collision I
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more and therefore have a larger probability for a head-on collision I
Prelim.
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Mass vs pairwise velocity

Pairs of halos consist of two populations with different M vs v_, distribution determined
by the relative distance d_,

Prelim.

di,< 10 Mpc/h
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Relative velocity vs relative distance
following Watson et al. Prelim.
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Relative velocity vs relative distance
following Watson et al. Prelim.
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Relative velocity PDF dependence on distance cuts preiim,
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n(>vy,) CDF for different distance cuts
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Relative velocity PDF dependence on angle cuts  prelim.
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Relative velocity PDF dependence on mass cutsS prejim.
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Probabillity of finding a bullet-like system in DS

(cuts from Thompson&Nagamine(2012) and Buillot et al. (2014) ~ M&B(2008) initial conditions)
10 My < <M>, d,<10Mpc/h

Prelim.
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Probability of finding a bullet-like system in DS

(cuts of Watson et al.(2013) )

10" Mg /h < <M >, d;, <1.5Mpec/h

Prelim.
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