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The velocity of the toroidal rotation in the peripheral plasma in the TUMAN-3M tokamak was measured [1] in 

two scenarios: co-current NBI H-mode and in ohmic H-mode using Doppler-shifted CII impurity line. It was 

found that the time evolutions and steady-state velocity values of the toroidal rotation velocity at the periphery 

are very similar in both cases, indicating that the effect of the L-H transition prevails over the direct influence of 

the beam injection. The observed toroidal rotation is associated with the generation of negative radial electric 

field at the periphery during the L-H transition.  

Neutral Beam Injection (NBI) is one of the main methods of auxiliary plasma heating in magnetic confinement 
fusion devises. Together with energy transfer from beam to the plasma, NBI also leads to the mechanical 

momentum and radial electric field generation in plasma. The radial electric field plays an important role in 

turbulence and anomalous transport suppression. It is known to be a trigger for the confinement mode switching 

toroidal devices. Such studies have been conducted at various tokamaks and stellarators for many years [2, 3], 

but the mechanisms for generating plasma rotation and radial electric field have not yet been fully elucidated. 

The mechanisms responsible for affecting plasma rotation profile are numerous (direct momentum transfer, 

radial currents of uncontained particles, artificially created electric fields, plasma viscosity etc.) and manifest 

themselves differently in different spatial regions of the plasma and with different experimental geometries, in 

particular, with co- and counter-injection [4]. In addition, intrinsic generation of plasma rotation was also 

identified [2], even in the absence of external source of mechanical momentum or electric field.  

In this paper we present first results of toroidal rotation studies in the tokamak TUMAN-3M performed in co-

current NBI regime with L-H transition and in pure ohmic H-mode. The main goal was to identify the main 

processes responsible for plasma rotation and radial electric field formation, such as direct beam-plasma 

momentum transfer, fast ion losses or H-mode influence. 

The experiments were carried out on the TUMAN-3M tokamak (R = 0.53 m, a = 0.23 m, Te(0) = 400(L) – 
700(H) eV, <ne> = 1.5(L) – 4(H) 1019 m-3, Ip = 123-150 kA, Bt = 0.7 – 1 T, NBI energy Wb ~ 18 – 20 keV, 

NBI power Pb ≥ 150 kW, the symbols L and H indicate the values that are different in the L- and H-modes). In 

some discharges, the L-H transition was initiated before the injection pulse. Hydrogen NBI was performed in 

co-current direction with tangency radius of 0.42m. The toroidal rotation measurements were performed using 

the Doppler-shifted spectral lines of the singly ionized carbon (C+) CII doublet (657.8 nm and 658.3 nm) with 

an ionization potential of 11.26 eV. Temporal behaviour of the two lines was nearly identical, so only 658.3 nm 

line is shown below. The intensity of CII lines was found to be independent on the presence of atomic beam. It 

means the CII emission was not a result of charge-exchange process C2+ + H –> С*+ + p, but is rather produced 

by electron impact excitation of neutral carbon near the edge. The main goal of these experiments was to 

investigate the possibility of implementing the FIDA (Fast Ion D-alpha) diagnostics to study the fast ion 

distribution function [5], and observing the Doppler shifts in the CII lines was an additional diagnostic 

opportunity. Generally speaking, the impurity rotation velocity does not necessarily equal to the rotation 
velocity of the main ion, but this method is often used both to measure the rotation velocity and to determine the 

magnitude and spatial distribution of the radial electric field [6]. The experimental layout included an MDR-2 

monochromator with an HS103H CCD camera [7] installed in place of the exit slit, a light guide, an objective, 

and a mirror installed inside the tokamak chamber to provide the required direction of the observation line. It 

was directed towards the beam and formed an angle of 61° with it. Figure 1 shows some plasma parameters and 

Doppler-shifted CII 658.3 nm line relative position as a function of time in a shot with NBI pulse in an interval t 

= 60 - 84 ms.  

 

 

Fig1. From top to bottom: central chord-averaged density, 

H emission near the gas valve and near the wall, NBI 
pulse current, relative shift of CII line measured in five 11 
ms time windows (points in the center of each window are 

connected by a line for visibility). 

At time t = 49.5 ms (i.e. approximately 10 ms before the start of the neutral injection pulse), the ohmic L-H 

transition was initiated in the plasma by a short (5 ms duration) gas puffing pulse to increase the plasma density 

during atomic injection. Spectra of CII lines were time-averaged over 11.5ms frames; there were 10 frames 

registered during the plasma shot. Points shown in Fig.1 corresponds to frames 2 to 6. Figure 2 shows a 
comparison of CII line spectral shifts obtained in 3 typical scenarios of TUMAN-3M: NB plus H-mode (a), 

ohmic H-mode (shot 22041921) and NBI plus L-mode (shot 22052506) (b).   
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Fig.2 Temporal evolution of Doppler-shifted CII 658.3 nm line in NBI plus H-mode shot (a) and in ohmic H-mode and NBI 
plus L-mode shots (b). Tables to the right show spectral shift in nm and toroidal rotation velocity corresponding to the 

spectral shift in CCD camera pixels shown on the left vertical axis. Note that here a negative velocity means co-current 
direction. 

Conclusions to be drawn are as follows:  

 During a transient phase of L-H transition a co-current rotation velocity ~12.6km/s is observed in shots 

with- or without NBI 

 In the developed H-mode in shots with- or without NBI a counter-current rotation is formed with 

velocity up to 19 km/s 

 In the NBI shot in L-mode negligibly small co-current rotation is observed, if any 

 All the above lead to the conclusion that in the shots under investigation the impact of the NBI to the 

plasma rotation was small, possibly due to luck of NBI power or high fast ion losses. All the rotation 

observed was solely a result of the L-H transition accompanied by a negative radial electric field 

formation at the edge. 

Previously [8], when measuring the shift of the BIV boron line, no toroidal rotation was found in the ohmic H-

mode, which may be due to the fact that this ion emits from a deeper region of the plasma because of higher 

ionization potential (259.4 eV). The connection between the toroidal rotation and the radial electric field can be 

estimated as Er = - VtBp = - 1.6 kV/m. This estimate is noticeably lower than the value measured earlier in the 

ohmic H-mode using Langmuir probes Er = - 3 kV/m [9], which can be explained both by the fact that this 

estimate does not take into account the contribution from the neoclassical electric field, and by the fact that the 

probe measurements are well localized by radius, and the above estimate for the toroidal rotation velocity is 

averaged over a certain spatial region near the plasma periphery.To further elucidate the mechanisms of 

interaction between beam injection, plasma rotation and L-H transition, the experimental results will be 

supplemented by numerical simulations of plasma rotation using ASTRA and NUBEAM codes. 
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