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Millimeter-waves (mmw) have a wide range of applications in magnetically-confined fusion plasmas. In the 
electron cyclotron (EC) range of frequencies, they are used for plasma diagnostic, heating and current drive 
(ECCD).  In an ITER-scale fusion plasma, the very localized driven current plays a key role in controlling 
deleterious MHD instabilities such as Neoclassical Tearing Modes (NTM). The localized nature of ECCD is 
strongly dependent on the characteristic width (beam waist) of the mmw gaussian-beam (GB) at the absorption 
position inside the plasma. The beam waist is primarily determined by the design of a quasi-optical antenna, but 
can be affected by small-scale density fluctuations-induced by plasma turbulence and resulting in a beam 
broadening. For ITER, the upper-launcher has been designed for NTM stabilization and it has been estimated 
[1] that plasma turbulence occurring along the GB path could cause a significant broadening. This could possibly 
challenge the NTM stabilization capabilities with the foreseen installed EC power. To study these effects, a large 
effort is presently ongoing for predicting the GB-broadening induced by plasma turbulence [2] (and reference 
therein) but a direct measurement in a tokamak is still missing. 
Leveraging recent experimental results of mmw-scattering by field-aligned blobs in simple magnetized plasmas 
[3], we report in this paper the first direct measurement of plasma turbulence-induced beam broadening observed 
on the TCV tokamak. This measurement has been performed on a elongated L-mode plasma using a top-launch 
injection of a 118GHz/100kW GB in O-mode at the third harmonic (O3) for which no absorption is expected. 
The beam broadening of the GB was measured using a transmission diagnostic (O3TD) based on a receiver 
antenna located at the bottom of the TCV vacuum vessel. Instantaneous detection of the effect of field-aligned 
blobs in the plasma edge is demonstrated using conditional sampling applied on the measured signal with O3TD 
and the ion saturation current signal measured with wall-mounted Langmuir probes used as a reference for blob 
detection. Most notably, a turbulence-induced broadening of the time-averaged GB cross-section is measured 
for the first time in a tokamak. The experimental results are compared with theoretical predictions using the 
WKBeam code [4] for the propagation in the turbulent plasma with the turbulence-induced density fluctuations 
calculated with the GENE [5] and GBS [6] codes for the core and edge turbulence, respectively. The GB power 
measured with O3TD after the propagation through the elongated plasma is consistent with the 50% turbulence-
induced broadening observed in the simulations. 
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