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In the scrape-off-layer (SOL) of magnetic fusion experiments, measurements of ion 

temperature are more challenging compared to electron temperature and therefore less 

frequently done. Many theories and models usually solely rely on electron temperature 

measurements, due to the lack of knowledge about Ti. Nonetheless, ion temperatures are 

important for the comprehensive understanding of SOL physics, erosion and deposition on the 

target surface materials and the transport of exhaust particles and heat.  

Therefore, spectroscopy was used to investigate ion temperatures by spectral Doppler 

broadening of several impurity lines in the divertor SOL of the stellarator Wendelstein 7-X 

(W7X). In the SOL, additional spectral line broadening mechanisms including Zeeman splitting 

and Stark broadening are present and can dominate Doppler broadening in the cold areas of the 

SOL. By fitting high-resolution spectra of atomic emission lines, both the Doppler broadening 

and the Zeeman splitting can be characterised, obtaining information on Ti, B and the 

observation angle relative to magnetic field lines (the latter two derived from the Zeeman 

components). Thus, not only the ion temperature is determined, but also the emission can be 

localised if the emission is restricted to one area along the line of sight.   

The measurements reveal ion temperatures ranging from 10 to 20 eV for the C2+ impurity close 

to the divertor targets and even lower temperatures for several lower-ionised impurity and 

neutral species. During a transition from attached to detached plasma, only a small drop in ion 

temperatures is observed, coupled with a movement of the C2+ radiation zone further away from 

the targets. 
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