Full-wave test of analytical theory for fixed frequency fluctuation
reflectometry
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Fluctuation reflectometry operating at fixed freqog can be used as a non-intrusive
technique to measure plasma density fluctuatéionsSince density fluctuations all along the
beam path contribute to the measured fluctuatiaieiignal phasdy, the measurement is
non-local and in general requires a full-wave asialjor interpretation.

If the fluctuation level is small enough so thatyoa single cut-off exists in the
plasma, using the WKB approach, analytical intefpainulae can be deduced [1]. Those
link the measured phase fluctuatidg to the spatial distribution of the density fludioa
RMS amplitudesns . The shape of the radial wavenumber spectiamy?|also plays a
critical role, since each wavenumbercontributes todp with a different efficiency. The
analytical formulae can be simplified for a Gaussiaexponential spectru@ng|?, if onimsis
homogeneous and if the refractive index squaredhgd® linearly with the characteristic
lengthL near the cut-off. In this case this well-knownnfiois obtained
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including an analytical expression fkg , which is the effective wavenumber of the given
spectrum. This result could be verified by O-madglewave simulations.

For an arbitrary profile of the refraction indexwever, it is necessary to express the
phase fluctuationlpms with an integral formula, where the integratiorcésried out in radial
direction, weighting the contributions éf.myr) from different radial positions. We verify
this expression and explore its validity range bgams of a full-wave code solving the
Helmholtz equation for the wave electric field. OQuiodel data is based on Tore-Supra
measurements and we study O- and X-mode.

An inversion process can be set up in order to cedueon,gr) profile, if the dpms
were measured at different frequencies. We dematestinis process numerically, assuming
a constant spectrum shape in the probing zonediandss its results.
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