
Saw tooth like collapses by ECCD at the  

Wendelstein 7-X Stellarator 
H.P. Laqua

1
, T. Stange

1
, U. Höfel

1
, H. Thomsen

1
 and the W7-X team 

1
 Max-Planck-Institut für Plasmaphysik, D-17491 Greifswald, Germany 

 

Repetitive collapses of the central electron temperature were observed during central ECCD 

at the Wendelstein 7-X stellarator, when the local rotational transform crosses the major 

rational resonances 1 or 1/2. The collapses showed a similar behaviour as the well known 

sawtooth MHD events in tokamaks. A ramp up phase of the core temperature was followed 

by a precursor phase with a 6 kHz oscillation, which was terminated by a fast collapse. In 

addition, a strongly damped MHD activity at a frequency around 100 kHz was detected by 

Mirnow coils after the collapse. The typical repetition rate was between 100ms and 200ms 

and could be controlled by the ECCD power. The plasmas were generated with central 

ECRH with up to 4 MW at densities of 2·10
19

m
-3

 and a core temperature of 8-10 keV. The 

typical discharge length during the first operation phase of W7-X was 1s, which is of the 

same order as the skin time for the plasma current. The L/R time with about 30s is much 

larger. Therefore, no stationary toroidal currents could be established during the discharge 

time. However, it was possible, that the local current density was varied, which also changed 

the rotational transform (iota) profile accordingly. Since no current density profile diagnostic 

was available during the first operation campaign, the temporal development of the current 

density profile could be modelled only. The total current density comprises the ECCD 

current and the counter-induced current density.  The ECCD current density has been 

calculated with the Travis ray-tracing code taking into account the real launching geometry, 

the beam size and plasma density and temperature profiles. The counter-induced current has 

been calculated from the current diffusion equation. The modelling could reproduce the 

collapse frequency and radius, if the crossing of the iota profile with major rational resonance 

is assumed as the collapse condition, as it is for sawteeth in tokamaks.  A MHD stability 

analyses for the current-modified magnetic configuration in W7-X is on-going. 
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