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Our aim is to quantify the impact of 3D fields on peeling-ballooning stability, and hence ELM 

control by RMPs. According to axisymmetric high toroidal mode number n ballooning theory, 

a ballooning mode structure consists of a set of poloidal Fourier harmonics, all having 

approximately the same radial dependence, but centered at their corresponding rational surface, 

and coupled with varying amplitude determined by the radial dependence of the equilibrium 

profiles [1]. If we introduce a weak toroidal asymmetry resulting from the RMP field, the 

coupling will extend to include additional toroidal mode numbers, but the radial structure of 

each poloidal Fourier harmonic will only be weakly affected. With this theoretical 

understanding, we develop a new variational approach for peeling ballooning stability in 

tokamaks with 3D fields. We use the 

ELITE code [2][3] to obtain the peeling 

ballooning eignenmodes of the 

axisymmetric equilibrium, which 

provides the radial dependence of a 

set of poloidal Fourier harmonics. The 

relative amplitudes of this set is 

determined via a minimisation of the 

energy, and so provides the peeling-

ballooning eigenmode and stability of the 3D equilibrium. This 3D equilibrium is calculated 

from the 3D plasma response to the RMP, calculated using ELITE. For D-shaped high-β 

plasmas, it is observed that intermediate n kink-ballooning modes are highly destabilized by 

the RMP field and are observed to become localised around specific field-lines, a feature which 

is observed in local ballooning theory. Finally, in our analysis further destabilisation occurs for 

cases where the plasma response is larger within the pedestal at the same average normal 

magnetic field amplitude from the RMP. 
1) J.W. Connor et al., Proc. R. Soc. Lond. A 365, 1 (1979)  

2) H.R.Wilson et al., Physics of Plasmas 9, 1277 (2002)  

3) A.E.L.Lunniss, PhD Thesis, University of York (2016) 

Fig.1 The eigenstructure of a 3D PB mode of primary harmonic 
n=12 for BN/B0=10-3 (left) and the normalized growth rate γ/ωΑ 
as a function of applied normal field BN/B0 and primary toroidal 

mode n (right). 
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