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We summarize evidence for the link between
turbulent-driven ExB sheared plasma flows at the plasma
boundary, the tokamak L-H transition, and the plasma
density limit. Basic laboratory device studies provide a
detailed view of how turbulent driven sheared zonal
flows arise, of the dynamical interaction between
turbulence and sheared flow, and how these flows can
acquire a net momentum due to their interaction with a
neutral gas mantle surrounding the plasma.
Furthermore, these studies also reveal how
turbulent-driven radially sheared parallel flows also
develop; both of these flows are a result of turbulent
structures with broken symmetries in the -6 and r-z
planes respectively. These basic physics insights are
then used to motivate probe-based and imaging studies in
tokamak devices. When operating well below density
and beta limits, the tokamak edge plasma show a similar
picture in which edge turbulence gives rise to zonal
flows at the LCFS which become progressively stronger
as additional heating is applied; with sufficient heating
the turbulent-driven flows can momentarily quench
turbulent transport, giving rise to the L-H transition and
the birth of the edge plasma pedestal. As the plasma
density is progressively raised in L-mode towards the
density limit, the edge zonal flow is observed to weaken,
an increase in the intermittent turbulent transport across
the LCFS and into the SOL occurs, and the edge profiles
flatten prior to the onset of density-limit MHD activity,
consistent with a hypothesis that transport changes are
responsible for the onset of density-limit MHD activity.
Studies of intrinsic rotation in confinement devices
provide evidence for turbulent self-organization
processes acting both in the edge plasma region and in
the core plasma, perhaps acting in concert with orbit loss
and other complicating kinetic factors.  This talk
summarizes the current state of knowledge, and outlines
ideas for future experiments that may help elucidate the
physics of the density limit, together with the
development of a physics-based prediction of intrinsic
rotation and its effect on the beta limit in future tokamak
devices.

References

1. Tynan, G.R., C. Holland, J.H. Yu, A. James, D.
Nishijima, M. Shimada and N. Taheri, Apr 2006,
“Observation of Turbulent-Driven Shear Flow in a
Cylindrical Laboratory Plasma Device”, Plasma Physics
and Controlled Fusion, 48 (4), S51-S73; Yan, G. R.
Tynan, C. Holland, M. Xu, S. H. Muller and J. H. Yu,
2010, “Shear flow and drift wave turbulence dynamics in
a cylindrical plasma device,” Phys. Plasmas 17, 032302;
Z. Yan, M. Xu, P. H. Diamond, C. Holland, S. H.

Muller, G. R. Tynan and J. H. Yu, 2010, “Intrinsic
Rotation from a Residual Stress at the Boundary of a
Cylindrical Laboratory Plasma,” Phys. Rev. Lett. 104,
065002.

2 M. Xu, G. R. Tynan, P. H. Diamond, P. Mangz, C.
Holland, et al., 2012, “Frequency-Resolved Nonlinear
Turbulent Energy Transfer into Zonal Flows in Strongly
Heated L-Mode Plasmas in the HL-2A Tokamak,” Phys.
Rev. Lett. 108, 245001., P. Manz, G.X. Xu, B.N. Wan,
H.Q. Wang, G.R. Tynan, 2012, “Zonal flow triggers the
L-H transition in the Experimental Advanced
Superconducting Tokamak,” Phys. Plasmas 19, 07231,
G. S. Xu, H. Q. Wang, B. N. Wan, H. Y. Guo, V. Naulin,
P. H. Diamond, G. R. Tynan, M Xu, N. Yan, W. Zhang,
J. F. Chang, L. Wang, R. Chen, S. C. Liu, S. Y. Ding, L.
M. Shao, H. Xiong and H. L. Zhao, First observation of a
zonal-flow cycle state in the H-mode transport barrier of
the experimental advanced superconducting Tokamak,
Physics of Plasmas 19 (12) (2012) 10.1063/1.4769852,
G. R. Tynan, M. Xu, P. H. Diamond, J. A. Boedo, L.
Cziegler, N. Fedorczak, P. Manz, K Miki, S. Thakur, L.
Schmitz, L. Zeng, E. J. Doyle, G. M. McKee, Z. Yan, G.
S. Xu, B. N. Wan, H. Q. Wang, H. Y. Guo, J. Dong, K.
Zhao, J. Cheng, W. Y. Hong and L. W. Yan,
Turbulent-driven low-frequency sheared E x B flows as
the trigger for the H-mode transition, Nuclear Fusion 53
(7) (2013) 10.1088/0029-5515/53/7/073053

3 R. Hong, J. C. Li, S. C. Thakur, R. Hajjar, P. H.
Diamond, and G. R. Tynan, "Tracing the Pathway from
Drift-Wave Turbulence with Broken Symmetry to the
Production of Sheared Axial Mean Flow," Physical
Review Letters 120, (2018)
10.1103/PhysRevLett.120.205001; L Wang, GR Tynan,
R Hong, L Nie, Y Chen, R Ke, T Wu, T Long, P Zheng,
et al, Edge turbulence evolution and intermittency
development near the density limit on the HL-2A
tokamak, Physics of Plasmas 26 (9), 092303 (2019)



