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The Guiding Center (GC) description of particle motion is of fundamental importance in 

studying particle, momentum and energy transport in fusion plasmas [1]. The Hamiltonian 

description of GC motion directly implies integrability of the underlying system for 

axisymmetric magnetic field configurations. Commonly to all nonlinear systems, the orbital 

frequencies of all degrees of freedom depend strongly on the particle energy and momentum. 

This dependence determines the effect of any non-axisymmetric perturbation, either due to 

MHD instabilities or to propagating plasma waves, on transport phenomena, through 

resonance conditions. The conditions are fulfilled locally rendering the phase space of the 

system strongly inhomogeneous with regions of regular or chaotic motion [2]. 

In this work we utilize a canonical transformation to rigorously define a Zero Drift Width 

(ZDW) Hamiltonian for a generic equilibrium which retains all the terms of the original GC 

Hamiltonian without further restrictions on particle’s energy and momentum that are 

questionable for energetic particles. Considering a simple circular Large Aspect Ratio (LAR) 

equilibrium, we show that our approach reveals interesting features of the trapped particle 

Orbital Spectrum that cannot be described by the standard pendulum-like Hamiltonian that is 

widely used in the literature [3-5] and have important effects on particle, energy and 

momentum transport. The canonical formulation also allows for the analytical calculation of 

Finite Drift Width (FDW) effects that take into account deviations of the GC orbits from a 

fixed flux surface by utilizing a Canonical Perturbation Theory. The FDW effects are shown 

to mostly modify the Orbital Spectrum of the passing particles and therefore their transport 

features under the presence of resonant non-axisymmetric perturbations.  
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