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Neutral beam injection (NBI) is an effective method of plasma heating, generation of rotation, 

and fuel delivery to the plasma core.  

Co-NBI (in the direction of plasma current) is more effective for fast particles capture than 

counter-NBI (against the direction of plasma current), but the effect of co-injection on plasma 

confinement is determined by the combined effect of positive Er generation due to plasma rotation 

and the negative Er generation due to the loss of fast particles.  

As it was shown earlier [1], in the case of low plasma density (line average n < 1.2.1019 m–3), 

co-NBI turns out to be ineffective in terms of plasma heating, generation of rotation and initiation 

of the L-H transition, because of significant shine through losses. This was noticeable by the 

absence of evolution of plasma potential during co-NBI [1], though during co-NBI one can expect 

both a positive increase in the potential associated with the generation of plasma rotation by 

confined fast particles, and a negative increase associated with the loss of fast ions from the first 

orbit.  

In the scenarios with line average density n > 2.1019 m–3 (at the beginning of neutral injection) 

measurements of the evolution of the plasma potential were carried out using heavy ion beam probe 

(HIBP). A beam of neutral atoms was injected into the plasma in discharges with different 

concentrations (2–3.1019 m–3). Measurements show that at higher plasma density during NBI, the 

plasma potential evolves towards more positive values, with a change in the range of 100–300 V. 

This indicates that additional toroidal rotation is generated in the plasma, associated with fast ions. 

By means of HIBP direct measurements of the radial electric field in ohmic discharges of the 

TUMAN-3M tokamak were carried out in a two-point probing scheme. In this scheme, it is possible 

to measure the plasma potential at two adjacent points and thus locally measure the radial electric 

field with the spatial resolution equal to the distance between the volumes of secondary ionization 

(for characteristic discharges of the TUMAN-3M tokamak—1–3 mm). In ohmic discharges of the 

TUMAN-3M tokamak in hydrogen and deuterium with similar plasma parameters, a similar 

evolution of the radial electric field is observed: the values of Er = (–4)–(–8) kV/m at minor radius 

coordinate r = 15 cm are close to estimates for local neoclassical Er in an ohmic discharge in the 

stationary phase. An increase in plasma density during gas puff leads to the evolution of Er towards 

more negative values, which is consistent with the idea of the dependence of the neoclassical radial 

electric field on the density gradient.  
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