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1. Introduction 

An EB drift poloidal rotation is now considered as an effective mechanism to suppress the 

plasma instabilities [1]. So, the direct radial electric field Er studies are an important 

ingredient for understanding the role of the ErBt poloidal rotation shear in the turbulence 

suppression. In the Т-10 tokamak (R/a=1.5 m/0.3 m), the mean values of Er were retrieved via 

the plasma electric potential measured by heavy ion beam probe (HIBP) [2]. On top of that, 

recent advances in the T-10 HIBP allows us to measure simultaneously the plasma potential 

and density fluctuations within the frequency domain up to 250 kHz in 5 poloidally shifted 

Sample Volumes (SVs) with the 5-slits energy analyzer [3], [4] in the plasma core (0.07 m < r 

< 0.3 m). The analysis of such multichannel measurements allows measuring the turbulence 

poloidal rotation velocity and the correlation length. In T-10 plasmas in the frequency range 

f < 250 kHz, 6 types of fluctuations are observed: Geodesic Acoustic Modes (GAMs) [5], 

MHD tearing modes, Broadband (BB), Stochastic Low-Frequency (SLF) [6], Low-Frequency 

Quasicoherent (LFQC) and High-Frequency Quasicoherent (HFQC) modes [7]. SLF and 

LFQC modes were observed both by HIBP and correlation reflectometry [8]. The work 

presents recent results of SLF and LFQC studies using HIBP in ohmic T-10 discharges with 

the toroidal magnetic field Bt = 2.2-2.48 T and the plasma current Ipl = 200-230 kA. 

2. Experimental setup 

The advanced HIBP on T-10 tokamak uses Tl
+
 ion beam with energies up to Eb=330 keV and 

current up to 250 A to probe plasma up to r=0.07 m. Fluctuations of the secondary beam 

current on the detector Itot are proportional to the local electron density fluctuations at the SV: 

δItot/Itot ≈ δne/ne. An example of HIBP detector lines observed by 5-slits energy analyzer for 

Bt=2.42 T, Ipl=220 kA, Eb=250 keV is shown on Fig. 1a. It is obtained by the variation of the 

beam entrance angle into the plasma varied by voltage at the electrostatic plates in the primary 

beamline (Usc). In the point of the detector line deepest penetration into the plasma, all 5 SVs 

can be aligned poloidally, as shown in Fig. 1b. The poloidal distance between the closest SVs 

(e.g. 1:2) is Δlpol1:2≈1 cm, and radial distance is Δlr1:2≈0.1 cm; for the farthest SVs 

Δlpol1:2≈4 cm and Δlr1:2≈0.4 cm respectively. Cross-phase θij between density fluctuations in 

two SVs with numbers i and j, poloidally shifted at Δlpol i:j, each observed by analyzer entrance 

46th EPS Conference on Plasma Physics P5.1090



 

slits with the same numbers, gives the information on the poloidal turbulence rotation 

velocity: Vturb = Δlpol i:j∙2πf/θij, i, j = 1-5, ij [9].  

a)  b)  

Figure 1. a) Detector lines for the 5-slits energy analyzer, a = 30 cm; b) the set of 5 poloidally aligned SVs, 

observed simultaneously, the poloidal distance between SV1 and SV3 is Δlpol1:3≈2 cm, the radial distance is 

Δlr1:3≈0.2 cm.  

3. Experimental results 

Ohmic plasmas with Bt = 2.2-2.48 T, Ipl = 200-230 kA, ne = 1-310
19

 m
-3

 were studied. 

Spectra of coherency (γ
2
) between Itot signals from slits 1-5 are shown in Fig. 2a, and the 

distances between SVs are collected in Table 1. SLF (fSLF = 0-30 kHz) and LFQC 

(fLFQC = 50-200 kHz) modes are clearly seen on the coherence spectra.  

The γ
2
 represent the fluctuations with 

wavelength, exceeding the SV size, or 1 cm. 

The values of γ
2
 are decreasing with the 

increase of Δlpoli:j, the distance between SVs, 

which means that the fluctuation wavelength 

λ is comparable or higher than the Δlpol i:j, and 

the poloidal correlation length λcor can be 

calculated for each frequency. The poloidal 

correlation length is shown in Fig. 2b, for 

SLF λcor≈4 cm, for LFQC λcor≈5 cm.  

 

Table 1. Poloidal distances between the centers of 

gravity for the Sample Volumes, Δlpoli:j , (cm) 

Slit #i,j 1 2 3 4 

2 0.89 0   

3 1.79 0.90 0  

4 2.75 1.86 0.96 0 

5 3.85 2.95 2.05 1.09 

Figure 3a shows the frequency spectra of cross-phase between Itot signals from SVs 1-5. All 

the spectra show the positive values for θij, which means the poloidal propagation of the 

perturbation to the electron diamagnetic drift (EDD) direction. Linear increase of θij with 

frequency can be interpreted as a concordant propagation for each frequency, or the 

turbulence rotation. On top of that, the cross-phase increases with the increase of the distance 

between the SVs, which again indicates that the fluctuation wavelengths exceed the distance 

between the closest SVs. The calculated wavelength λ versus frequency is shown in Fig. 3b. 

46th EPS Conference on Plasma Physics P5.1090



 

For SLF, λcor<λ<20 cm, so SLF can be characterized as solitary long-wavelength fluctuations 

or bursts; for LFQC, λcor≈λ<7 cm, LFQC can be also characterized as solitary bursts with 

shorter wavelength. Poloidal mode numbers m can be estimated as m=2πrSV/λ, mSLF > 8, 

mLFQC > 20. 

a)  b)  

Figure 2. a) Quadratic coherence coefficient (γ
2
) between Itot signals measured in various SVs; b) poloidal 

correlation length λcor versus frequency. Bt = 2.48 T, Ipl = 200 kA, ne = 3×10
19

 m
-3

, rSV=25 cm. 

a)   b)   

Figure 3. a) Cross-phases (in radians) between density perturbations, measured in various SVs; b) poloidal 

wavelengths of the density fluctuations. Bt = 2.48 T, Ipl = 200 kA, ne = 3×10
19

 m
-3

, rSV=25 cm. 

To measure the poloidal rotation velocities of SLF and LFQC modes, 2D 

frequency-wave-vector spectra S(k, f) were calculated. S(k, f) spectrum for a high-density 

ohmic plasma with Bt = 2.48 T, Ipl = 200 kA, ne = 3×10
19

 m
-3

 (Fig. 4a) shows that the 

turbulence rotation of both SLF and LFQC to the EDD direction takes place with the velocity 

Vturb=5.00.5 km/s. In this regime the radial electric field measured at rSV=25 cm is 

Er≈-100 V/cm, so the ErBt drift velocity can be estimated as VEB=4.60.5 km/s. The 

direction of VEB is EDD; in this case Vturb is consistent with VEB within the experimental 

errors.  

Figure 4b shows the S(k, f) spectrum for low-density discharge with Bt = 2.2 T, Ipl = 230 kA, 

ne = 1×10
19

 m
-3

. Figure shows that LFQC rotates to the EDD direction, while SLF - to the 

opposite direction, IDD. 
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a)  b)  

Figure 4. a) 2D frequency-wave-vector spectral density for slits 1 and 2 indicating the poloidal rotation to the 

electron diamagnetic drift (EDD) direction for both SLF and LFQC modes;ne = 310
19

 m
-3

, rSV=25 cm.; b) an 

example of the SLF poloidal rotation to the ion diamagnetic drift direction (IDD). Poloidal mode number m is 

calculated as m=k∙rSV;ne = 110
19

 m
-3

, rSV=10 cm. 

4. Summary 

Plasma density turbulence (f < 250 kHz) study using 5-slits HIBP in ohmic T-10 discharges 

(Bt = 2.2-2.48 T, Ipl = 200-230 kA, ne = 1-3×10
19

 m
-3

) have shown the complex frequency 

and spatial structure. It was shown that SLF and LFQC modes have features of solitary bursts 

with poloidal wavelengths comparable to correlation lengths (λcor SLF ≈ 4 cm, λcor LFQC ≈ 5 cm, 

λSLF < 20 cm, λLFQC < 7 cm). LFQC always rotates to the EDD direction, while SLF may also 

rotate to the IDD direction. Study of these differences is a topic for further research.  
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