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To successfully operate future fusion reactors, understanding material migration and 

the associated fuel retention via co-deposition on plasma-facing components (PFCs) is 

required. To this end, it is essential to develop and validate physics models that allow 

extrapolation towards ITER and to couple detailed measurements to simulations. 

Here, we report our efforts to develop a comprehensive picture of the physical 

processes behind global migration of various impurities in the scrape-off layer (SOL) plasma 

of a tokamak. The experimental database has been obtained from tracer-injection 

experiments, carried out in ASDEX Upgrade and JET since 2001. The main tracer species in 

these studies has been the isotope 13C. The experiments have covered a large parameter space 

to address the effect of wall material, properties of the plasma discharges, and the injection 

location on the migration and deposition patterns. A range of edge codes, including ASCOT, 

DIVIMP, EDGE2D, ERO, and SOLPS have been used to simulate the experiments. 

One of the main conclusions is that, especially in the case of toroidally localized 

main-chamber sources, the resulting deposition patterns in the main chamber are toroidally 

asymmetric, thus requiring full 3D treatment. According to ASCOT simulations, SOL flows 

had to be imposed, based on measurements in many tokamaks, to reproduce the measured 

deposition pattern both qualitatively and, to some degree, even quantitatively.  

Experimentally, up to 30% of the injected impurity atoms have been found on 

plasma-facing surfaces, another 30% have been directly pumped out from the torus, and tile 

gaps contain tracer inventories comparable to those on the front surfaces. Furthermore, 

deposition on virgin tungsten surfaces is 10-100 times weaker than on graphite or on PFCs 

with thick co-deposited layers or with a large surface roughness. 

 In the divertor region, the best match with experiments and simulations has been 

obtained by combined EDGE2D, DIVIMP, and ERO simulations. The results stress the 

importance of re-erosion and re-deposition in determining the final destination of the injected 

tracer atoms: the primary deposition peak around the strike point is observed to spread into 

the private flux region. This is in good agreement with experimental observations.  

*See the Appendix of F. Romanelli et al., Proc. 24th IAEA Fusion Energy Conference 2012, San Diego, USA  
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