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The collisional N-body code
REBOUND

Hanno Rein @ NAO)J, Tokyo, March 2012
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REBOUND

A new open source collisional N-body code




Numerical Integrators
e~ -

* We want to integrate the equations of motions of a particle
T =
v = a(x,v)

* For example, gravitational potential

a(x) = —-Vo(x)

* In physics, these can usually be derived from a Hamiltonian

1
H = 52?2 + ®(z)

* Symmetries of the Hamiltonian correspond to conserved
quantities



Numerical Integrators
e~ -

e Discretization

T =0 Ar = v At
. ——
v = a(x,v) Av = a(x,v) At
* Hamiltonian
1
H = §p2 + &(z) —————> ?

* The system is governed by a 'discretized Hamiltonian', if
and only if the integration scheme is symplectic.

* Why does it matter?



Symplectic vs non symplectic integrators




Mixed variable integrators

* So far: symplectic integrators are great.
* How can it be even better?
* We can split the Hamiltonian:

H = Hy + erert

Integrate particle exactly
under perturbation
Hamiltonian

Integrate particle exactly

with dominant Hamiltonian

* Switch back and forth between different Hamiltonians
e Often uses different variables for different parts

* Then:
al Error = € (At)p+1 Ho, Hpert]



Example: Leap-Frog

H =
Drift g Kick

t |




Example: SWIFT/MERCURY

H = +
Kepler Kick




Example: Symplectic Epicycle Integrator

Epicycle
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|0 Orders of magnitude better!

non-symplectic symplectic
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Take home message V

symplectic integrators
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REBOUND

* Multi-purpose N-body code

* Code description paper
recently accepted by A&A

* Written in C, open source

* Freely available at
http://github.com/hannorein/rebound



REBOUND modules

Geometry Integrators

- Open boundary conditions - Leap frog

- Periodic boundary conditions - Symplectic Epicycle integrator (SEl)

- Shearing sheet / Hill's approximation - Wisdom-Holman mapping (VWWH)
Gravity Collision detection

- Direct summation, O(N?) - Direct nearest neighbor search, O(N?)
- BH-Tree code, O(N log(N)) - BH-Tree code, O(N log(N))

- FFT method, O(N log(N)) - Plane sweep algorithm, O(N) or O(N?)



Plane-sweep

Blackboard




REBOUND scalings using a tree

strong weak

T T T T T T T T | T | T T T T T T T T | T T T T T T T T

i MPI, 12.5k particles - -+ - i i MPI, 25k particles per node — + — i

I MPI, 50k particles — x — | i MPI, 50k particles per node - -x - - |

MPI, 200k particles ---*---: " MPI, 100k particles per node ---x---- ]

0L MPI, 800k particles - -& - - | I 1/log(k) 1

- linear scaling ——— .
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REBOUND

DEMO




Take home message VI

Download REBOUND




Conclusions




Conclusions
e

REBOUND

N-body code, optimized for collisional dynamics, uses symplectic integrators
Open source, freely available, very modular and easy to use
http://github.com/hannorein/rebound



