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ABSTRACT

Understanding particle transport in fusion plasmas is a critical issue that determines

core performance. As a new transport mechanism, the anisotropy of energetic ions has

been reported to cause a reversal of radial particle transport. It is experimentally

demonstrated that, following carbon pellet injection, the electron density profile

bifurcates into two steady states, either peaked or flattened. In both steady states after

pellet injection, gyrokinetic theory suggests that ion temperature gradient (ITG)

instabilities are excited, thereby influencing turbulent transport. To further clarify the

role of regulatory energetic ions, additional experiments were conducted without pellet

injection to eliminate pellet effects. During discharges, the anisotropy of energetic

neutral beams, expressed experimentally as P⊥/P|| (equivalent to the stored energy ratio

of energetic ions, En⊥/En||) , was varied between 0 and ∞. The electron density profile

was found to be hollow for P⊥/P||= 0-1.2, peaked for P⊥/P||= ∞, and flattened for P⊥/P||
= 0. The spatial profile of carbon impurities exhibited a similar profile. This behavior

was consistent with that observed under pellet injection. Analysis indicates that particle

fueling from perpendicular neutral beam injection does not affect the peaked electron

density profile, and that carbon impurities originate exclusively from the wall. These

results imply that the effect of velocity anisotropy is attributed to a driving mechanism

other than neutral beam fueling. The findings suggest that the velocity anisotropy of

energetic ions may serve as a new transport knob for controlling particle transport in

burning plasmas.

shot P^ [MW] P|| [MW] P⊥ / P|| En^/En|| ne profile nc0/ne0 Pellet

#182745 9.9 8.2 1.2 0.35 Flatten 0.015 Yes

#182744 14.0 5.4 2.6 0.77 Peaked 0.039 Yes

#182736 14.0 8.1 1.7 0.47 Peaked 0.039 Yes

#188832 0–11 0–4 0–∞ 0–∞
Hollowed/flatte

ned/peaked 0.006–0.013 No
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