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We use beam tracing (with our new in-house code, Scotty) and the reciprocity theorem [1]

to derive a model for the backscattered power of the Doppler backscattering (DBS) diagnostic.

Our model works for both the O-mode and X-mode in tokamak (and stellarator) geometry. We

present the analytical derivation of our model, which provides an understanding of the DBS sig-

nal’s localisation, its wavenumber resolution, and the quantitative effect of the mismatch angle

(the misalignment between the wavevectors of the probe beam and turbulence). Consequently,

one can now correct for the attenuation due to mismatch, avoiding the need for empirical opti-

misation. This is especially important in spherical tokamaks [2], since the magnetic pitch angle

is large and varies both spatially and temporally.

We use our model to determine the wavenumber resolution and find different results from

the widely-accepted formula [3]. In particular, we find that it is the curvature of the field lines,

rather than the curvature of the cut-off surface, that is important. Interestingly, the wavenumber

resolution, localisation, and mismatch attenuation have complicated dependences on the beam

properties. For example, near the beam waist, increasing the wavenumber resolution requires

wider beams, but making the measurements more tolerant to mismatch and more localised bene-

fits from narrower beams. An in-depth discussion of the rich physics involved is presented. Our

model also allows one to develop synthetic diagnostics to compare simulations of turbulence

with DBS data, an avenue for future work.
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