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Alfvén instabilities driven by fast ions have been observed in many experiments on 

tokamaks and stellarators. In tokamaks, they can strongly affect the fast ion confinement but not the 
bulk plasma.  In contrast to this, experiments on the Wendelstein 7-AS (W7-AS) stellarator have 
shown that Alfvénic activity can strongly deteriorate the global energy confinement time: strong 
thermal crashes (the temperature dropped by up to 30%) were reported in Ref. [1] and observed also 
in the last series of experiments in 2002.  To explain this phenomenon, recently a new mechanism 
of anomalous electron heat conductivity associated with Kinetic Alfvén Waves (KAW) was 
suggested [2].  

In this work, we further develop theory required for the interpretation of experimental 
observations of Alfvénic activity in W7-AS and analyse a particular shot (No. 34723) where strong 
drops of the plasma energy content took place in details.  

As a result, (i) we identified the instability observed in the mentioned W7-AS shot as Non-
conventional  Global Alfvén Eigenmode (NGAE), (ii) suggested an explanation of the frequency 
chirping (from ~70 kHz to ~45 kHz) during the instability bursts, (iii) showed why the instability 
was most strong at the end of the bursts when thermal crashes occurred, (iv) considered two 
possible mechanisms of thermal crashes (anomalous heat conductivity [2] and instability-induced-
loss of the injected ions), (v) made a modelling of oscillations of the plasma energy content.   

An important role of the finite orbit width of fast ions was revealed: it was found that finite 
orbits actually trigger the instability at 70≤ω kHz and weaken the mode destabilization at the end 
of the instability bursts (when 40≥ω  kHz).  It was concluded that the observed frequency chirping 
can be explained by the expulsion of fast ions from the plasma core and a concomitant local change 
of the rotational transform.  In order to identify the instability, the Alfvén continuum and Alfvén 
eigenmodes were calculated by the codes COBRA and BOA, respectively.  The orbits of the 
injected ions were studied by the code ORBIS; it was found that particles with non-standard orbits, 
“semi-trapped” particles, constituted a considerable fraction of fast ions in the region where NGAE 
was localized and contributed noticeably to the instability growth rate.  It was shown that core-
localized NGAE was transformed into KAW, which considerably extended the region affected by 
the instability and generated the perturbed longitudinal electric field leading to anomalous electron 
thermal transport.   

A new code, GAMMA-O, calculating the instability growth rate with taking into account 
finite orbits of fast ions in stellarators was developed.  The radial structure of Alfvén gap modes in 
low-shear systems was determined.  
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