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Plane of Andromeda

• Ibata et al 2013

• 15 of 27 in Plane (0.13%)

• 400kpc diameter

• Less than 14kpc scatter

• 13 of 15 corotating (0.74%)

 Probability to occur: 0.00096%

• In the simulation ?
– Method of plane detection

– Computing of a probability

– Planes ?
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Ibata et al 2013



The CLUES simulation

• ZOOM High resolution
hydro simulation of the 
Local Group

• 11 h-1 Mpc @ 5123

• Resolution 20 h-1 kpc

• No live RT

post-process:ATON

8/23/2014 Nicolas Gillet - CLUES 2014 3

MW

M31

M33



Models of satellites at z=0
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• 5 selections:

– Mz=0 : more massive at z=0

– Mmax : more massive at all z

– Mstar : more stellar mass

– zreio : reionise the latest

– zreioMmax : M > 109 Mʘ + reionise the latest

• 2 hosts (MW and M31)

• ~PAndAS volume (25 satellites) 

• PAndAS-bis volume (27 satellites)

• Spherical volume, 25, 27, 30, 35, 50, 100, 150 satellites

 90 samples of satellites 



Method of plane detection
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• Select a sample of satellites (Nsat)



Method of plane detection

• Select a sample of satellites (Nsat)
– Within a volume (PAndAs or 

spherical)
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Method of plane detection

• Select a sample of satellites (Nsat)
– Within a volume (PAndAs or 

spherical)

– Fixed radial distribution
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Method of plane detection

• Select a sample of satellites (Nsat)
– Within a volume (PAndAs or 

spherical)

– Fixed radial distribution

• Count satellites in the plane (2Δ)
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2Δ



Method of plane detection
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• Select a sample of satellites (Nsat)
– Within a volume (PAndAs or 

spherical)

– Fixed radial distribution

• Count satellites in the plane (2Δ)

• For 100000 planes



Method of plane detection
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• Select a sample of satellites (Nsat)
– Within a volume (PAndAs or 

spherical)

– Fixed radial distribution

• Count satellites in the plane (2Δ)

• For 100000 planes
=> The best plane



Method of plane detection

• Strong dependence on 
the Radial Distribution

• Concentrate
=> Easier to find big plane

• Probability to find a plane

 radial distribution
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Probability to find a plane 
at « Np » satellites

• Radial distribution fixed
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Probability to find a plane 
at « Np » satellites

• Radial distribution fixed

• Ramdom position
 Search the best plane
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Probability to find a plane 
at « Np » satellites

• Radial distribution fixed

• Ramdom position
 Search the best plane

• 10000 times
Probability distribution of 

the maximum number of 
satellites in a plane, for a 
fixed radial distribution.
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Probability to find a plane 
at « Np » satellites

• Radial distribution fixed

• Ramdom position
 Search the best plane

• 10000 times
Probability distribution of 

the maximum number of 
satellites in a plane, for a 
fixed radial distribution.
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Probability to find a plane 
at « Np » satellites

• Radial distribution fixed

• Ramdom position
 Search the best plane

• 10000 times
Probability distribution of 

the maximum number of 
satellites in a plane, for a 
fixed radial distribution.

• p-value = p(X>k)

8/23/2014 Nicolas Gillet - CLUES 2014 16

Np

pdf



Plane of Andromeda

Observations:

• 15 of 27 in Plane (0.13%)

• 400kpc diameter

• Less than 14kpc scatter

• 13 of 15 corotating (0.74%)

 Probability to occur in a 
random population: 0.00096%
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Ibata et al 2014



Probability of co-rotation

• Velocities projected on the plane

• 50/50 probability rotation

• Probability = head or tail

 Binomial distribution

• Observation => Line of sight
=> estimation of the rotation way
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Face-on view of a plane
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PAndAS volume
with 25 satellites
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~PAndAS, 25 satellites
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Probability of number of satellites the the maximal plane



Results: ~PAndAS, 25 satellites
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Results: ~PAndAS, 25 satellites
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Results: ~PAndAS, 25 satellites
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Results: ~PAndAS, 25 satellites
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PAndAS-bis volume
(bigger)

with 27 satellites
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Results: PAndAS-bis, 27 satellites
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Results: PAndAS-bis, 27 satellites
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Results: PAndAS-bis, 27 satellites
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Spherical volume
with 100 satellites
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Results: spherical, 100 satellites
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Results: spherical, 100 satellites
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Sim



Conclusions and discussions
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• Method to properly compare observations and 
detections in the simulation => radial density

• Significant detections (probability > 1% and 0.1%)

– Comparable properties: size, thicknes, ~number of 
satellites

– « Goup of satellites » + others accidentally align

– No favorite selection of satellites

• No planes detected with an as extremely low probabillity
as the observations



Results: other significant planes 
in spherical selections
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Radiative Transfert
Post-process: ATON

• ATON (Aubert & Teyssier 2008)

• Grid-based method

• Multi-GPU: CUDATON

• Stellar/halos sources, T=50000K, fesc=0.2

• Ocvirk et al 2013: 
– No photo-evaportion/feedback

• Ocvirk et al 2014:
– Model of negative stellar feedback
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Radiative feedback

• DM halos as sources

• Mini-halos < 107: 
– suppressed by LW 

background

• Low-mass 107<M<109: 
– (Tvir>104K) sensitive to 

photo-heating => star 
formation suppression if 
x>0.5

• High-mass >109:
– from star continously

• Ocvirk et al 2014
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