
TCABR Tokamak Scrape-off Layer Turbulence with DC Biasing 

Maria Vittoria A. P. Heller, André A. Ferreira, Iberê L. Caldas, Ivan C. Nascimento 

Institute of Physics, University of São Paulo 

C. P. 66318, 05315-970 São Paulo, S.P., Brazil 

 

I. Introduction 

 Turbulence and particle transport at plasma scrape-off layer have been controlled by 

external electric fields. This control can be achieved by a biasing electrode located inside the 

plasma [1].  

We investigate plasma turbulence changes at the scrape-off layer of TCABR tokamak 

introduced by DC biasing an electrode inside the plasma. Our investigation is based on the 

alterations observed on the wavelet power spectra and on the intermittent burst sequences of 

plasma potential and density fluctuations measured by a set of Langmuir probes [2]. Biasing 

the electrode changes the turbulence statistics and the bursts intermittence. 

 

II. Analysis of turbulence 

 The experiment is performed in a hydrogen circular plasma in TCABR (major radius 

R = 0.61 m and minor radius a = 0.18 m). The plasma current is 100 kA, the current duration 

100 ms and the toroidal field Bt = 1.1 T. The multipin Langmuir probe is composed of a triple 

probe; two probes that measure the fluctuations of floating potential and a third one measures 

ion saturation current fluctuations. The time series measurements are recorded at a sampling 

rate of 1 MHz. In the scrape-off layer, at r/a = 1.17, the values of mean density, temperature 

and plasma potential are ne ≈ 1.5x10
18 m-3 , Te ≈ 5 eV and Vp ≈ 17 V. The DC voltage is 

applied to an insertable electrode which is located inside the plasma at r/a = 0.89, at 90 

degrees from the probe system. For the discharges analyzed the pulse of + 470 V is applied 

during a time interval of 30 ms. To examine the time behavior of the fluctuations, we split the 

data into consecutive segments of 1024 data points (≈ 1.02 ms) and apply wavelet analysis to 

each segment. To detect evidences of phase coupling between wavelet components (f1, f2, f = 

f1 + f2), possibly present in the turbulence, we combine wavelet and bispectral analysis, 

calculating the summed and the total wavelet bicoherence. 

 Fig. 1 presents the superposition of the wavelet power spectra of the measured 

potential fluctuations, at a given radial position (r/a = 1.17), for a chosen time interval without 

and with DC biasing. Edge turbulence is modified by the applied radial electric field. The 

biasing reduces the fluctuation amplitudes. The main characteristics of these spectra are 

similar for other time intervals during the pulse. The Mirnov oscillations (≈ 10 kHz) modulate 

the electric fluctuations, as it is discussed elsewhere [3]. Fig. 2 shows the evolution of phase 



velocity for potential fluctuations at r/a = 1.03 and 1.17 during a discharge, before and during 

(after dashed lines) DC biasing application. As observed before [1], the poloidal velocity 

increases with biasing (at r/a = 1.03). However, this effect is not observed for more external 

positions. Fig. 3 shows the superposition of particle transport spectra, Г=<nGe vGr>, with and 

without biasing for time intervals of 1.02 ms. For the highest frequencies, the particle 

transport is reduced by the external field. In this figure is also evident an increase of transport 

for frequencies around 10 kHz, correspondent to the Mirnov oscillations. This influence is 

studied in [3]. Moreover, the phase angle between density and potential fluctuation changes 

from very low positive values to ≈ -100o.in the case of perturbation.  

 Fig. 4 shows the superposition of the summed bicoherence, at r/a = 1.17, for a chosen 

time interval of 1.02 ms, for potential fluctuations without or with DC biasing. The biasing 

enhances the nonlinear coupling, mainly for the highest frequencies f = f1 + f2  ≈ 60 – 80 kHz. 

The perturbation reduces the non-linear coupling of other frequencies, as shown by the 

calculated total bicoherence (integrated in f).  

 

III. Intermittent bursting 

 One way to identify non-diffusive transport caused by intermittent bursts is through an 

analysis of fluctuation statistics [4, 5]. We study the burst behavior in the scrape-off layer to 

search for convective transport and compare this burst transport in the regimes without or 

with DC biasing. To estimate the relative importance of the fluctuation peaks in terms of the 

background turbulence intensity, we determine the intermittent burst transport and compare it 

to the overall one. We obtain the discrimination of the bursts by selecting the fluctuating 

density with amplitudes equal to or greater than 4.0 times the fluctuation standard deviation. 

From the histograms of the laminar time between two successive bursts it is possible to 

conclude that these histograms are neither peaked nor Gaussian, with a most probable value 

around 70 µs. We obtain the bursts radial velocity (vr) from data of two poloidally separated 

tips, without (a) or with (b) DC biasing at r/a=1.17. The of the radial velocity is positively 

skewed in figure 5 (a) and more symmetric in figure 5 (b); both figures indicate an outward 

flux. 

 The total (laminar and bursting) radial particle transport for the fluctuations is 

calculated directly from data. Perturbation reduces the total transport about 25%. The same is 

calculated for the transport burst distribution shown in Fig. 6 without (a) or with bias (b). 

From both distributions we calculated the ratio RГ of the burst transport to the overall one, 

RГ≈ 15%. The burst contribution to the total transport does not change much with 

perturbation. Furthermore, the time ∆T occupied by the bursts, normalized to the time series, 

is about 5% and remain almost the same for the mentioned two conditions. We also analyze 



pulses with different values of DC bias, for a 30% change in voltage bias the ratio RГ is 

maintained within the statistical error.  

 

IV. Conclusion 

We report the main modifications on the spectral properties of scrape-off layer 

electrostatic turbulence and transport in TCABR tokamak, caused by the DC biasing produced 

by a biasing electrode. With the imposed external electric field, fluctuation amplitudes, phase 

velocities, and anomalous particle transport are modified. Transport reduction for higher 

frequencies induced by the biasing could be due to the strong de-phasing between density and 

potential fluctuations. The mode coupling increases with the perturbation for the high 

frequency broadband fluctuations. The total (laminar and bursting) radial particle transport is 

reduced  about ≈ 25% by DC biasing . Bursts contribution to total transport is 15% and for the 

studied conditions this contribution does not change much with the bias perturbation. 
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Fig.1 Superposition of the power spectra 

without (  ) and with ( --- ) DC biasing 

for potential fluctuations at r/a = 1.17. 

 

 

 



 

Fig. 2 Evolution of phase velocity for a discharge 

before and during (after dashed line) the DC 

biasing at r/a = 1.03 (- - - )   and 1.17 (----). 

Fig. 3 Superposition of the particle transport 

spectra without (  ) or with (- - -) DC biasing 

for two time intervals of 1.02 ms at r/a = 1.17. 

 

 

 

Fig. 4 Superposition of summed-bicoherence 

without (  ) or with (- - -) DC biasing for two 

time intervals of 1.02 ms at r/a = 1.17. 

 

 

 

 

 

            

Fig. 5 Histogram of bursts radial velocity  without 

(a) or with DC biasing at r/a=1.17. 

Fig. 6 Histogram of burst particle transport 

without (a) or with DC biasing  at r/a=1.17. 

 


