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«  Galactic archeology «  
Galactic formation and evolution 

  Chemical evolution of stars  
   and molecular gas clouds 
  Kinematics of stars and clouds  
   gravitational forces 
    and mass distribution… DM component 

 
Many complementary approaches for Galactic modelling,

 N-body gravitational evolution 
  The collisionless Boltzmann equation 
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Gaia: a survey of our Galaxy 
to the understanding of its formation and evolution  
 
109 stars with 3D2V position and tangential velocity 
a few 108 stars with 3D3V position and velocity (2021) 
  

 Chemical evolution of stars and molecular gas clouds 
 Kinematics of stars, gravitational forces 

Many complementary approaches for the Galactic 
modelling, among them 
 N-body gravitational evolution 
 The collisionless Boltzmann equation (i.e. N=infinity)  

(exact DF) 
(access to the modelling of very faint strutures) 
 
Galactic models 
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Phase space section: Gaia data 
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OLR Corot. 
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Collisionless Boltzmann equ. 

Valentini et al 2005  (1D2V) 
and Mangeney 

2D2V  cartesian coord. 

Finite difference upwind scheme 
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Collisionless Boltzmann equ. 

Valentini et al 2005 

2D2V 

Godunov 
Lax-Wendroff 
Warming 
Limiter (van Leer,…) 
… 

TESTS: 1,2,3,4D sphere, harmonic potential 

Finite difference upwind scheme 
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Numerical Simulations / Galactic disc 
Initial Conditions: Shu distribution function (for an axisymmetric disc) 

   fd = exp[-(E-Ec(Lz))/σ2]  
      

V circular=1  Vel_dispersion=0.05,  
grid N**4 (x,y,u,v)      N= up to 424 
 
Models with a Rotating Bar : (the mass of the bar is progressively increased) 

  1) ½ resonance at the sun position 
  2) corotation at the sun position 

Forces:  Fbar / Fdisque   0.01-0.10 
 
T final =  20 rotations (4Gy) 
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Numerical Simulations 
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Numerical Simulations 

Ωb=1.6 
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Numerical Simulations 

Ωb=1.6 



Strasbourg, July 2019 

Close to the 
Outer Linblad 

Resonance 
(1/2) 

Along the bar Perpendicular to the bar 

R=8kpc 

Vr 

Vθ

R=10.5kpc 
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Vθ

Many other posibilities 
 

Rotating bar 
Co-rotating arms  
Transient arms 

Accretion (ringing galaxy) 
… 
 

Different signatures according to 
the position within the Galaxy 

 
Compar. to analytic works,  

and N-body 

Identification of very faint structures 
Not seen with current N-body simulations 



Strasbourg, July 2019 

Vθ

Many other possibilities 
 

Rotating bar 
Co-rotating (or not)  arms  

Transient arms 
Accretion (ringing galaxy) 
Accretion of DM clumps ? 

…. 
 

Different signatures according to 
the position within the Galaxy 

 
10^8 stars with  3D3V in 2021 
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Vlasov ?  


