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In divertor tokamak configurations, the plasma is bounded by a separatrix with one or more X-

points. Divertors create elongated plasmas, which are prone to a dangerous instability, initiated 

by an axisymmetric mode with toroidal mode number n=0, leading to Vertical Displacement 

Events (VDE). While there is consensus that VDEs are triggered by n=0 modes, there is no 

theory that connects this instability with the X-point magnetic topology. Indeed, for a plasma 

bounded by a divertor separatrix, a generic n=0 perturbation,  𝜉", is singular at the X-point(s), 

where 𝑩𝒆𝒒 ∙ ∇𝜉" = 0, with 𝑩𝒆𝒒 the equilibrium magnetic field. As a consequence, axisymmetric 

current sheets localized along the separatrix are likely to form. There is experimental evidence 

of n=0 perturbations and of current sheets at divertor X-points in tokamak experiments such as 

JET [1]. Also, current sheets are observed in numerical simulations of the vertical instability 

with advanced numerical codes that are able to treat correctly the X-point geometry, such as 

M3D-C1, NIMROD and JOREK [2]. However, analytic understanding of why these current 

sheets form, and the impact they have on the vertical instability, is not yet available.  

The aim of this presentation is to remedy this situation, by providing a fully analytic, 

normal mode analysis of n= 0 modes within the framework of the ideal-MHD model. Our main 

finding is that the frozen magnetic flux constraint on the resonant X-point field line gives rise 

to current sheets, which can lead to stabilization of vertical displacements on ideal-MHD time 

scales, adding an important ingredient to the mechanism of passive feedback stabilization. We 

also find ideal-MHD stable n=0 modes that oscillate with a frequency of the order of the Alfvén 

frequency, unaffected by continuum damping, which opens the possibility that these modes 

may interact with fast ions, either produced by auxiliary heating or by fusion reactions, leading 

to a new type of fast ion instability in tokamak plasmas. 
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