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We report the observation of a net inward, up-gradient turbulent particle flux which occurs when 

a density-gradient driven collisional drift waves generate a sufficiently strong radially sheared 

azimuthal zonal flow in a cylindrical magnetized plasma. At low magnetic fields (B ≤ 1.0 kG), 

particle transport is outward at all radii. As the magnetic field is further increased, an up-gradient 

inward particle flux is observed between the peak of the velocity shear and the maximum density 

gradient. Time-domain and bispectral Fourier domain analysis shows that at the peak of the 

velocity shear, where the particle flux is outward, the turbulent Reynolds stress acts to reinforce 

the shear flow. In contrast, between the peak of the shear layer and the maximum density 

gradient, the zonal flow drives fluctuations which give rise to an up-gradient particle flux, 

resulting in a steepening of the mean density gradient. Correlation studies show that a transient 

increase (decrease) in the zonal flow results in a subsequent increase (decrease) in the inward 

flux, demonstrating the causal relationship between increased flow shear and up-gradient flux. 

The mechanisms for these phenomena are elucidated by linear instability analyses. Reversal of 

energy transfer reveals the onset of Kelvin-Helmholtz instability (𝑘∥=0) driven by velocity shear. 

However, the inward particle flux is actually carried by 𝑘∥ ≠ 0  modes, which now are 

predominantly driven by azimuthal velocity gradient. In the region of inward particle flux, the 

fluctuations are driven by the velocity gradient, not density gradient. Thus the relaxation of flow 

profile is seen to be responsible for the up-gradient inward particle flux. The results show that 

zonal flow-instability leads to non-diffusive up-gradient particle transport and density profile 



steepening in the combined drift-wave/zonal flow system without magnetic shear. This may help 

explain similar observations of inward particle transport that have been reported in toroidal 

devices. The zonal flow damping induced by the KH process and the possible effects of parallel 

flow and electron temperature gradient on inward particle flux will also be discussed.  


