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Simplest code of this type is called Particle-
Mesh (PM): a constant-size cubic mesh is 
overlayed on computational volume. (1) 
Calculate density in each cell. (2) Solve the 
Poisson equation using FFT. (3)Numerically 
differentiate grav.potential to find 
acceleration for each particle. (4) Move 
particles by one small time-step. Repeat the 
procedure.



Oct-Tree

This is a 2D example of a quad-tree. Every square, which has too many particles is split 
into 4 squares, which have 1/2 of original size. In 3D every cubic cell is split into 8 smaller 
cells. If any of new cells still have too many particles, they are also split into 8 even smaller 
cells.  
The structure is adaptive: the level of the tree depends on local density. When particles 
move, density changes and so does the structure.
Oct Trees are used for TREE codes and for some types of Adaptive-Mesh-Refinement 
(AMR) codes.
Once the structure is created, we can find grav.potential or grav acceleration using 
different techniques:

- Sum contributions from different nodes. Use ‘opening angle’ criterion to select 
appropriate level of refinement. This is for TREE codes.
- Solve the Poisson equation by different iterative schemes. This is for AMR codes. 

Modern N-body codes are typically combinations of Particle-Mesh code (very fast) with 
either TREE or AMR additions for high resolution in dense environments.



Here is an example of 
construction of refinement 
structure.

The bottom plot shows a slice 
through a distribution of 
particles.The top panel shows a slice 
through refinement structure. For 
clarity only refined cells are 
displayed.




