E PF L Turbulence studies by Phase Contrast Imaging on TCV and
developments towards electron-scale measurements

B TPCIl upgrade
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The optical design was conceived from the beginning to be able
to reach high k values, using large enough optics to collect the

B Abstract

scattered radiation.
Turbulence driven by small-scale instabilities governs heat and particle transport in . Laser power 7W —_— 50 W The upgrade Is
magnetically confined plasmas, limiting confinement times and impeding self- - Frequency O0<f<1MHz =———— Qupto 10 MHz expect.ed t? be
sustained fusion reactions. . Wave vector 1<k<13cm -1 » 1<k<60cm-1 Operational in the

iImmediate future.

While theoretical and numerical models of turbulence are advancing, experimental
validation remains essential.

The TCV Tangential Phase Contrast Imaging (TPCI) diagnostic can play a key role,
particularly as it has undergone an upgrade, designed to enable it to image for the
very first time Electron Temperature Gradient (ETG) driven turbulence. These
perturbations are suspected of contributing to significant heat transport in the
pedestal [1]. By providing localized, high-resolution measurements of electron
density fluctuations, TPCI constitutes a unique tool for validating turbulence models
and improving our understanding of turbulent transport in tokamaks.

B Introduction
Tangential Phase Contrast Imaging (TPCIl) on TCV measures electron density

fluctuations using a tangentially injected laser beam, providing spatial localization. It
enables spatially resolved turbulence studies, contributing to the understanding of | @ Measurements
turbulent transport and confinement by probing different plasma regions. _ _ _ o _
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* The intensity I of the resulting image is directly proportional to the beam's phase
shift, and thus to the plasma density.
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In discharge 88865, a spectral feature around 30 kHz is detected and may be
compatible with a geodesic acoustic mode. However, the corresponding MHD
signature is too weak to allow a conclusive identification [4].

Intensity

modulation The decrease in turbulence between the 2 discharges also suggest an indirect
(58 &0 650 stabilizing effect associated with counter-current ECCD injection [5].

Phase modulation
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This preliminary time—frequency analysis already reveals several physically relevant

features. The 64-element upgraded detector will enable the spatial dimension to be

The unscattered beam is phase-shifted incorporated into these analyses. In its previous configuration, TPCIl was already
i extensively used on TCV to study GAMs, TEMs, and ITG modes [6,7].

« The half-width d of the phase plate's groove sets a lower limit on the measurable
wave number kq,iorr = kod/F where k, is the laser's wave number and F isthe | @ Conclusions

effective focal length of the optical system.

* An upper physical limit on the measurable wave number is imposed by the The recent upgrade of Tangential Phase Contrast Imaging (TPCIl) on TCV will
1 . . . . .
transition from the Raman-Nath regime to the Bragg regime : k... = (rky/L)z. extend turbulence studies on TCV into the ETG regime for the very first time. By
. Because the laser beam is nearly tangent to the magnetic field, selecting the providing 1D image of electron density fluctuations, TPCI offers critical insights into
scattering direction with an optical filter selects a fluctuation wave-vector turbulent transport and plasma confinement. These improvements will help bridge
direction; only the part of the chord where this wave vector is approximately the gap between theoretical predictions and experimental validation, contributing to
perpendicular to the local magnetic field contributes significantly to the signal, a deeper understanding of turbulence in magnetically confined plasmas.
thus providing spatial localization.
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