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Turbulent transport limits the performance of modern 
fusion devices. Understanding this turbulence is key to 
designing and optimising the next generation of fusion 
energy systems. However, measuring turbulent 
fluctuations is difficult due to the spatial and temporal 
resolutions required. Doppler backscattering (DBS) is 
one of the few diagnostics capable of measuring 
turbulent density fluctuations. Direct quantitative 
comparison between such measurements and gyrokinetic 
simulations of the same is challenging. Such comparison 
requires a model of plasma-wave interactions, acting as a 
synthetic diagnostic. Full-wave synthetic diagnostics are 
computationally intensive while ray tracing is unable to 
quantitatively account for instrumentation effects such as 
beam focusing and mismatch attenuation.  
 
In this talk, we present an overview of our synthetic DBS 
diagnostic, which is based on beam tracing and the 
reciprocity theorem, and implemented in the Scotty code 
platform. Scotty is capable of predictively and 
quantitatively calculating DBS instrumentation effects in 
tokamak and stellarator geometries, and runs in under ten 
seconds. We will summarise our recent work on the 
validation of Scotty on DIII-D and MAST-U, followed 
by its use as a bridge between gyrokinetic simulations 
and DBS in these two tokamaks. We will then cross-
compare Scotty with beam-tracing code TORBEAM and 
finite-element frequency-domain full-wave code 
ERMES. Finally, we will show preliminary comparisons 
of beam tracing with full-wave simulations. 
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