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Gyrocenter
 

dynamics and algorithms
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nth (4th) order Runge-Kutta
 

methods

Long time non-conservation.

Errors add up coherently.
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Example –
 

gradient drift 
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Can we do better than RK4?  --
 

symplectic
 

integrator

Feng

 

(1983) Ruth (1984)

Conserves symplectic
 

structure;
Bound energy error globally

Requires canonical 
Hamiltonian structure

Symplectic
 

integrator ?Symplectic
 

integrator ?
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Application areas:
Accelerator physics (everybody)
Planetary dynamics (S. Tremaine)
Nonlinear dynamics (everybody)



What is the canonical structure for gyrocenter
 

dynamics? 

R. White



Gyrocenter
 

dynamics does not have a global canonical structure

Only has a non-canonical 

symplectic structure dωΩ≡
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Gyrocenter
 

dynamics
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Darboux
 

Theorem

Jean Gaston Darboux
(1842-1917)

Darboux
 

Theorem (1882):

Every symplectic
 

structure is locally
 

canonical.

Darboux
 

Theorem (1882):

Every symplectic
 

structure is locally
 

canonical.

Gyrocenter
 

dynamics can be canonical locally.

No symplectic
 

integrator for gyrocenter?



Variational
 

symplectic
 

integrator 
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 Lagrangian
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Conserved symplectic
 

structure
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1st

 

order variational
 

symplectic
 

integrator
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Semi-explicit Newton’s method 
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Example –
 

gradient drift 
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Variational
 

symplectic
 

globally bounds energy error

Energy error 
(Orbit deviation)

Energy error 
(Orbit deviation)



Conclusions

Physics is geometry. So is algorithm.Physics is geometry. So is algorithm.

Symplectic
 

bounds error globally, others do not.Symplectic
 

bounds error globally, others do not.
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