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• In this work, we developed kinetic models based on general fishbone-like 
dispersion relations.

• By disregarding ion orbit width and approximating the magnetic geometry 
as circular, we introduce a simplified model that fully incorporates 
neoclassical effects by considering full circulating/trapped particles.

• By considering the limit of ions being well-circulating or deeply trapped, 
the results directly revert to those observed in earlier theoretical 
studies[Chavdarovski&Zonca, 2009, PPCF].

• The accumulation point frequency of Beta-induced Alfvén Eigenmode is 
calculated in the fluid limit.
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OUTCOME

• Alfvén waves and energetic particles, resulted from fusion reaction and 
auxiliary heating, are crucial to the performance of Tokamak devices. 

• The theoretical research on low frequency drift Alfvén waves is based on 
the general fishbone-like dispersion relation (GFLDR)[Chen&Zonca, RMP, 
2016] and gyrokinetic theory[Brizard&Hahm, RMP, 2007]. 

• In the original theoretical works on these modes, ions considered in the 
kinetic analysis are assumed to be well circulating[Zonca et al, 1996, ppcf]. 

• Later on, the kinetic analysis was extended by including the deeply trapped 
ions and electrons[Chavdarovski&Zonca, 2009, ppcf]. 

• However, , the particles near circulating/trapped separatrix are not included 
in the previous theoretical models.

• In this work,  we  include full neoclassical effects without assuming well-
circulating/deeply-trapped ions.

BACKGROUND

INCORPORATING NEOCLASSCAL THEORY IN BALLOONING 
ANGLE REPRESENTATION

SIMPLIFICATION OF THE CORRELATION BETWEEN THE FOURIER 
SERIES IN FAST BALLOONING ANGLE AND CANONICAL ANGLE

 

CHALLENGES 

• In this work, a kinetic model with full neoclassical effects is developed.
• The novel inspections on the symmetry of particle orbits are introduced to 
make the analytical calculation accessible.

• The results can go back to those in the previous researches by taking the 
deep trap limit.

• It is shown that the neoclassical effects can lower the frequency of BAE, 
which is absent in the deep trap limit calculation in the previous research.. 

CONCLUSION
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