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Electron heat transport remains a subject of focus of the fusion plasma physics community, in

particular because of the residual high level of electron transport through transport barriers while

ion thermal and particle transport are quenched [1]. It is suspected that small scale fluctuations

[2, 3, 4, 5], less sensitive to ExB shearing, can cause a substantial residual transport, due to the

formation of large scale structures (streamers) [6]. Electron heat transport can be produced by

large ion scale (ITG/TEM) instabilities, as well as by smaller electron scale (ETG) instabilities,

and by the interplay of these scales. Both theoretical and experimental efforts have been drawn

to search the evidence of such modes, but their effect on transport remains an open issue [3, 8]

In this paper, we report the observation of a specific high frequency component of density

fluctuations at relatively high k (kρs > 1.5), in presence of electron heating (2nd harmonic H

heating), that could be related to electron modes, and we analyse the change in turbulence

dynamics that accompanies this specific component (long lasting, intense bursts).

Plasma conditions: dominant electron heating

Tore Supra was operated at reduced field (B = 2− 2.2T) with ICRH featuring dominant

electron heating (2nd harmonic H heating); in this case, the 2H cyclotron layer is close to the

magnetic axis, and the production of a fast protons is expected, heating mainly the electrons.

The energy content is generally good in these shots (with a better scaling than the usual L mode

law), though it depends on the nH/nD fraction: the energy content ( and Te) decreases when H

concentration is increased (which is expected to decrease the energy of the fast proton tails).

The density was around ne ∼ 51019 m−3, Ip = 0.7 MA , edge safety factor qa ∼ 3.5.

Doppler back-scattering to observe density fluctuations in the medium to high k range

Doppler reflectometry allows a local measurement of density fluctuations at a prescribed

perpendicular wave-number; the probing beam is launched in oblique incidence to the cut-off

layer, only the back-scattered field is detected. Fluctuations whose wave-number matches the

Bragg rule at the cut-off are selected. The signal frequency spectrum is Doppler shifted by

∆ω = k⊥v⊥. The probing beam frequency defines the measurement location; the probing beam

incidence selects the wave-number (in the range 3 < k⊥ < 25 cm−1). A 3D Gaussian beam

tracing code is used to evaluate k at the cut-off. For the experiments to be discussed here, the

X mode W band (75-110 GHz) channel was used, probing 0.6 < r/a < 0.9 with k, in the range
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4 < k < 18cm−1 (1.5 < kρi < 4) [7]. The selected~k⊥ can have a small radial component when

X mode is used, with kr (much) less than kθ , which is ideal for ETG modes that should be

streamer-like.

Additional high frequency component in the Doppler back-scattering signal

As shown in figure 1, a separate small peak appears on the high frequency side of the broad-

band frequency spectra measured the Doppler reflectometer, when the beam probes the outer

region r/a > 0.75 and for the highest values of the probing wave number [9].
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Figure 1: Power spectral density of Doppler back-scattering signals at different probing wave-numbers

(B =2.05 T): (upper left) ICRH @ 2nd harmonic, P=5MW, nH /nD < 10; (upper right) with/wo FWEH;

(lower left) ICRH 2nd harmonic, P=5MW (lower right) P=0 (Ohmic)
The high frequency component appears also when Fast Wave Electron Heating is used, also

expected to heat mainly electrons (Figure 1 upper right). For 2H harmonic ICRH, the strength

of the high frequency component is observed to decrease when the nH concentration increases,

consistently with a lower electron heating effect.

Linear stability analysis (KINEZERO) of these experiments indicates that Electron Tempera-

ture Gradient modes are unstable in most of these discharges (R/LTe > 15,R/LTe >∼ 10,RLn >

6), in the outer region of the plasma (r/a > 0.75), and confirmed using the linear gyrokinetic

code GENE with the experimental conditions. The maximum frequency of the unstable modes

found in the ETG range kρi > 2, around 600 kHz, is consistent with the experimental value of
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the difference ∆ f = fHF − fLF (frequency difference of the ’electron’ and ’ion’ components);

however this value of ∆ω = kvφ is obtained for higher wave number k than in the experiment.

Explaining the high frequency observed in the experiment at the accessible k should require

a higher phase velocity of the mode. This possibility should be checked carefully since other

phase velocity measurements in more standard conditions are not well reproduced by the simu-

lations (underestimated) [10].

A spectral doublet is observed similarly on FT2 with high k UHR measurements [2, 8], some-

times with much higher intensity in the HF component.

Change in turbulence statistics @ highest k
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Figure 2: (upper) time series of the raw complex signal (real part in blue, imag in red) at low wave

number (left) and high wave number (right), same scales (time and level). (lower) zoom of the upper

figure (also same time scales) which shows the different nature of the fluctuations: fast long lasting

coherent modes appear at high k, when the 2nd high frequency peak is present

The presence of this electron component at high k is accompanied by a change in turbulence

dynamics: as seen in the lower right plot of the Figure 2 long lasting bursts of turbulence are

observed, a feature which is not seen in usual conditions (left plots). Also the intensity distri-

bution of fluctuation is very different: though the RMS value of the signal is lower at higher k,

these bursts appear with very high intensity (more than 3 times the RMS value), though rarely.
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Figure 3: PDF of the back-scattered sig-

nal at low (blue) and high (red) k, with

corresponding values of the kurtosis.

This dynamics change can be quantified by eval-

uating the signal correlation time and the probabil-

ity distribution function (PDF) of the fluctuation in-

tensity. PDFs of the signal at low and high k are

plotted in Figure 3, showing wide tails departing

from standard PDF (Gaussian functions with same

mean and standard deviation as the one of the sig-

nals are also plotted (–)) and higher values of the

kurtosis (4th moment of the signal) at high k, when

the 2nd high frequency peak is present. The turbu-

lence correlation time (Figure 4 left) is much higher

when the electron component is observed (at high

k). It increases with the wave-number, in contrast

with the usual k dependence which is decreasing as τc ≡ k−1. Similarly, the kurtosis (Figure 4

right) increases with k.

These fluctuations are clearly specific, and can be the signature of small scale modes, either

unstable in that kρi range ( 2-3) or in the expected range of ETG ( 8-10) and interacting non

linearly with larger ion scales. Also meso-scales (modulational instability) have been predicted

to be associated to ETGs [11]. These observations are to be compared to non linear simulations.
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Figure 4: Turbulence correlation time (left) and Kurtosis as a function of the wave number k.
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