
 

Towards integrated data analysis of divertor diagnostics with ray-tracing 
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Building a better understanding of divertor physics for ITER and DEMO will require developing techniques that 

can integrate information from multiple diagnostics into a unified analysis of the underlying plasma properties. 

The charge-exchange recombination and beam analysis (CHERAB) code was developed at JET as a platform for 

modelling spectroscopic diagnostics with ray-tracing. The framework is capable of handling detailed 3D 

engineering geometry and realistic metallic reflections. In this work CHERAB has been extended for use with 

filtered imaging and bolometry, two diagnostics that can particularly benefit from the ray-tracing approach. 

The reflection model was tested with calibration photos of JET using a known point light source. The metallic 

walls were modelled with a Cook-Torrance bidirectional reflectance distribution function which treats each 

surface as consisting of many micro-facets that specularly reflect incoming light. A roughness parameter 

represents the facet distribution and can be used to simulate different metallic surface properties spanning 

specular to Lambertian reflections. The calibration images were rendered with a 3D model of the JET first wall 

and good qualitative agreement was achieved. 

SOLPS simulations were used as inputs to an emission model for representative plasma scenarios in AUG and 

MAST-U. Comparing images with and without metallic reflections allows us to assess the degree of error in 

inversions of emission profiles. Approaches for including the reflection model in the inversions will be discussed 

along with predicted synthetic measurements in MAST-U. 

Finally, bolometry is a diagnostic particularly sensitive to the machine geometry due to the effect of volume 

sampling. Sightlines from the AUG and MAST-U bolometer foils were ray-traced with a “path tracing” algorithm. 

For every foil surface a bundle of rays are traced through all their material interactions while sampling the 

radiance along the ray paths. By using the full 3D machine model, effects such as occlusion and vignetting were 

included in the étendue calculation. 

       

Figure: Simulated images of (left) an in-vessel calibration photo at JET and (right) filtered Dγ imaging at AUG. 
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