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1. Introduction 

Edge plasma biasing experiments have been performed on several tokamaks 

demonstrating a clear correlation between the E B flow shear velocity and turbulence 

control [1]. The control of the E B flow shear layer is therefore an important tool to modify 

the transport in tokamaks and increase the confinement. Electrode biasing (EB) 

experiments have been extensively studied in ISTTOK [2]; however, the analysis was 

mainly focused on the plasma edge using Langmuir probes (LPs) data. The Heavy Ion 

Beam Diagnostic (HIBD) at ISTTOK was upgraded [3, 4] to perform local fluctuation 

measurements of the neσeff(Te) product on the core region along ~70% of the minor radius 

of the tokamak. The neσeff(Te) quantity is the product of the local plasma density (ne) with 

the effective ionization cross-section of the double ionization process (σeff(Te)) which 

depends on the local electron temperature (Te). In this way, plasma fluctuations can be 

measured in the whole minor radius using LPs (edge) and the HIBD (core and inner edge) 

diagnostics together. This paper presents the evolution of the profiles and fluctuations 

during positive EB experiments in ISTTOK using the HIBD data. 

2. Experimental set-up 

 ISTTOK is an iron core, large aspect ratio and circular cross-section tokamak (R=46 

cm, a=8.5 cm, BT=0.5 T). For the experimental results reported in this work, the typical 

values of the ISTTOK discharge parameters were: plasma current Ip ≈ 4 kA and line 

averaged density <ne> ≈ 4 1018 m-3.  

 A movable graphite electrode has been used to polarize the plasma edge and 

consequently control the radial profile of the plasma potential. Both electrode position and 

biasing voltage were optimized to maximize the improvement in confinement. Typically, 

the electrode is located 2.5 cm inside the last closed flux surface with a bias voltage of 80 V 

with respect to the vessel. 

 Two sets of Langmuir probes were used for this experiment: (i) a radial array (rake 

probe) to measure the radial profile of the floating potential consisting of a boron nitride 
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head carrying nine tungsten tips and covering an extension of 27 mm; (ii) a poloidal array 

with three pins used mainly to estimate the turbulent particle flux at the plasma edge. 

 The HIBD performs measurements of neσeff(Te) at -0.7a < r < 0.7a with a spatial 

resolution of ~1 cm in 12 sample volumes along the primary beam trajectory. The detection 

time difference between the first and last sample volume is ~ 0.5μs. Since the sampling 

period of ISTTOK data acquisition system is 0.5μs, the measurement of a whole neσeff(Te) 

profile can be considered instantaneous. In order to remove the background noise from the 

HIBD signals, the ion beam can be modulated up to 150 kHz. Fast beam modulation (fmod > 

5 kHz) is mainly used for neσeff(Te) profile measurements, while slow beam modulation 

(fmod < 1 kHz) is used for neσeff(Te) fluctuations measurements. When fast beam modulation 

is used, the HIBD signals are down-sampled to the modulation frequency (fmod) after the 

background removing. 

3. Improved confinement (ISTTOK)

 Typical improved confinement 

regimes in ISTTOK are characterized by an 

averaged plasma density (<ne>) increase, Hα 

radiation decrease, edge turbulent transport 

(ΓE B) decrease and an averaged plasma 

temperature (<Te>) decrease. Figure 1 

presents the evolution of a proxy for the 

particle confinement (<ne>/Hα ratio), the EB 

current, <ne>, <Te> and Hα. 

Positive EB leads to the reversal of 

the edge electric field and to an increase in 

the E B shear flow near the LCFS. This is 

consistent with (i) the large reduction (~90%) of the turbulent transport presented in figure 

3 and (ii) the improvement of particle confinement (~65%) illustrated in figure 1. 

4. Profiles and time evolution 

Figure 2 presents the neσeff(Te) and Isat (ion saturation current measured by LP: Isat  

ne(Te)
1/2) profiles during normal and improved confinement plasma regimes. During EB, 

neσeff(Te) and Isat profiles change in a different way: the neσeff(Te) profile increases around 

15%  while the Isat profile decreases significantly. The result is a peaking of the neσeff(Te) 

profile and a flattening of the Isat profile, as observed in figure 2. These profile changes are 

 
Figure 1: Time evolution of: electrode biasing 

(EB) current; Hα radiation; line integrated 

density <ne> from the interferometer; line 

integrated temperature <Te> retrieved from 

neσeff(Te); and, the proxy for particle 

confinement: <ne>/Hα ratio. 
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in agreement with the transport barrier location, which is expected to be in the region 

nearby the electrode radial position. 

 The evolution of the turbulent 

transport and the neσeff(Te) profile during 

a full EB cycle is presented in figure 3. Just after EB transitions (solid vertical lines) the 

transport is modified within the ~10μs time scale (turbulence characteristic time). The 

neσeff(Te) profile major changes, indicated by the dashed lines in figure 3, only happen after 

~150μs (particle confinement time). It is also observed that the neσeff(Te) profile reaches its 

maximum about 1ms after the EB is applied. 

 The line integrated temperature (<Te>), presented in figure 1, was retrieved from 

the neσeff(Te) profile using simulation codes and assuming a profile for ne: (i) normalized to 

<ne> (from the interferometer) and (ii) similarly shaped to the  neσeff(Te) profile. The 

retrieved <Te> decreases during EB indicating that the improved particle confinement may 

not necessarily reflect an improvement on the total energy confinement. 

5. Fluctuations 

Figure 4 shows that the amplitude of fluctuations increases in the plasma core and 

decreases in the plasma periphery during EB. A similar behavior is observed for the signal 

averaged quantities (ratio of the profiles in figure 2). It has been observed that peripheral 

HIBD channels have a lower fluctuation level than LPs. This observation may be explained 

by the fact that HIBD is mainly sensitive to large fluctuations, ~1 cm, that are sheared apart 

during biasing, while LPs have a finer spatial resolution. 

 
Figure 2: neσeff(Te) and Isat profiles averaged 

during 0.5ms on biased and non-biased plasma 

regimes. The electrode position is represented 

by the grey rectangle. 

 
Figure 3: Time evolution of the edge particle flux 

transport (obtained by LPs at r=a) and neσeff(Te) 

profile during a whole electrode biasing cycle. The 

solid vertical lines indicate the start (left) and stop 

(right) timings of the electrode biasing. 
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During non EB, HIBD 

peripheral signals are usually 

dominated by MHD activity 

fluctuations (measured by Mirnov coils). When EB is applied, the MHD activity strongly 

decreases on both peripheral HIBD channels and Mirnov coils as illustrated in figure 5. It is 

also observed an increase of fluctuations in the central HIBD channels. 

 

Summary and conclusions 

A full coverage of the plasma minor radius was obtained with the Heavy Ion Beam 

Diagnostic and the Langmuir probes in positive electrode biasing experiments. It has been 

observed that profiles change significantly during EB, by peaking in the center and 

flattening at the periphery, being consistent with the location of the edge transport barrier. 

The particle turbulent transport at the periphery is modified in a faster time scale (~10μs) 

than the neσeff(Te) core profile (~150μs). The amplitude of fluctuations increases in the core 

and decreases at the periphery during EB. 
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Figure 4: Profiles of the standard 

deviation (STD) ratio between the two 

EB regimes, ON and OFF, for both 

neσeff(Te) (blue) and Isat (red) signals.  
Figure 5: Stack of spectrograms (30-150 kHz) for HIBD 

channels (ch. at ρ=-0.44 not working) and Mirnov coil no. 9 

(MC). The left half of the spectrograms is without biasing and 

the right half is with biasing. 
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