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Neoclassical tearing modes (NTMs) are known to cause confinement degradation and plasma 

disruptions and have to be controlled reliably to achieve the required performance on ITER. 

Physics-oriented investigations clarify fundamental mechanisms governing the onset and 

evolution of NTMs and contribute to the development of reliable control schemes. This work 

presents the progress of NTM studies on TCV, concerning the new physics learned and how 

this physics contributes to better real-time control of NTMs. 

A sawtooth (ST) pacing scheme, using transient electron cyclotron (EC) deposition, has been 

applied which simultaneously prevents NTM destabilization by ST crashes. “Triggerless” 

NTMs originating from unstable q profiles and saturating due to the effects of perturbed 

bootstrap currents have also been studied. Given the dependence on the details of q profiles of 

the classical stability index ∆′, a key parameter in both the onset and evolution of triggerless 

NTMs, it is very difficult to get reliable evaluations of ∆′ from direct computations. Instead, a 

new model for ∆′  has been developed based on dedicated experiments and simulations, 

working for all island widths (including zero). The same model proves to work for ASDEX 

Upgrade and MAST discharges with very distinct plasma scenarios. Considering the 

uncertainties of the alignment of EC beams, a robust NTM control technique that adds a small 

sweeping around the estimated mode location, has been demonstrated on TCV and ASDEX 

Upgrade. The physics studies have led to the development of an intelligent NTM controller that 

is aware of the EC power required to control an NTM. This in turn facilitates actuator 

allocations in view of integrated control with a limited set of actuators, and provides important 

predictive information to the supervisor to decide the best way to continue the discharge.  
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