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Problems with the small scale structure:

- Missing satellites problem
- Too big to fail 

Observations: M31 Dark Matter only simulations

PAndAS survey, 
image: Geraint Lewis

Aquarius simulations,
MPA Garching



  

Planes of satellite galaxies:

 
In the Milky Way In M31

Pawlowski et al. 2012
Linden-Bell 1976

Ibata et al. 2013
Conn et al. 2013



  

Another small scale problem:
 

Pawlowski et al. 2013

Planes are NOT common in Simulations
(e.g. Ibata et el. 2014, Pawlowsky et al. 2013)

Imagen: Aquarius simulations,MPA Garching



  

Planes in simulations: 

- Millenium II, Aquarius (DM only). Not really

- CLUES Gillet et al. (2015) : one plane but...

- Buck et al 2015, Sawalla et al. 2015 also found planes but...

- Cautun et al. 2015 also but...

  

But:

Planes tend to be thicker than the M31 plane

They are transient structures



  

Looking in Illustris simulation:
 

Arias & Forero, in prep.



  

Only a number effect?
 

Arias & Forero, in prep.

   BUT...

* M31 is thinner

* Number related
 to host halo size

* kinematics



  

More evidence: 

M31 satellite plane seems to be co-rotating

 Ibata et al. 2013, Collins et al. 2013



  

Aims:

Study the orbits of M31 satellite 
galaxies

We know: 

* The positions   

* the LoS velocities

Ibata et al. 2013, Conn et 
al. 2012, Collins et al 2013, 
Tollerud et al 2012)

We don not know:  
 

* the tangential 
velocities



  MW

        Positions

Edge-on
(almost as observed)

Face-on



  

LoS velocities

Face-on
Edge-on
(almost as observed)

MW



  

We make the following assumption: 

If the plane exist 
and if it is a dynamically coherent long-living structure,

Then

the velocity vector should be on the plane. 

And that determines the direction of the tangential velocity.

So

The only unknown is the magnitude of the tangential velocity. 



  

Exploring this free parameter:



  

We find similar orbits for 7 out of 15 satellites...



  

We find similar orbits for 7 out of 15 satellites...



  

A quick “test” comparison: 
With the ELVIS simulation 
and with some MW satellites



  

If the common orbits are real, this opens new 
questions, in particular:

How does such a structure forms?

We are currently:

Working with an optimization code to explore a 
wider range of possible tangential velocities

Looking deeper into cosmological simulations 
(Illustris in particular)



  

If the common orbits are real, this opens new 
questions, in particular:

How does such a structure forms?

We are currently:

Working with an optimization code to explore a 
wider range of possible tangential velocities

Looking deeper into cosmological simulations

 (Illustris in particular)        Thanks



  



  

M31 rigid Potential 
+ 

Point mass approximation for Satellites
=

Numerical integration of the orbits



  



  

Plane(s) in Centaurus A (Tully et al 2015)



  
 Ibata et al. 2014



  



  



  

Libeskind et al. 2014



  

Planes in simulations: 

- Millenium II, Aquarius (DM only). Not really
- CLUES Gillet et al. (2015) : one plane but...
- Buck et al 2015, Sawalla et al. 2015 also found planes but...
- Cautun et al. 2015 also but...

  Planes found in simulations: Simulaciones
(CLUES )

Observaciones
(Andrómeda)



  Liebeskind et al. 2015

Alineaciones con la estructura a gran escala
(observacionales)



  Courtois et al 2013

Cosmografía del universo local



  

Cosmografía del universo local

Courtois et al 2013



  

Propiedades de las galaxias satélite de 
Andrómeda:
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