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Radial motion of isolated blobs and ELM filaments in SOL plasmas
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Radial convection of localized plasma filaments is apparently what dominates the cross-field
transport of particles and heat through the scrape-off layer of magnetically confined plasmas [1].
Here we present a theoretical investigation of the motion of such field-aligned structures based on
electrostatic interchange dynamics [2].

A two-field interchange model is studied by means of numerical simulations on a biperiodic do-
main perpendicular to the magnetic field. The simulations are initialized with a blob-like structure
on top of a uniform background plasma with no flow. It is demonstrated that such plasma filaments
develop dipolar vorticity and electrostatic potential fields, resulting in rapid radial acceleration and
formation of a steep front and a trailing wake. The figure below shows, from left to right, the plasma
density, electric drift vorticity, and electric potential at one instance of time during the radial blob
motion.

While the dynamical evolution strongly depends on the amount of collisional diffusion and vis-
cosity, the structure travels a radial distance many times its initial size in all parameter regimes in
the absence of parallel motions. For small collisional dissipation the structure is unstable to frag-
mentation by secondary instabilities, resulting in complex waveforms from single-point recordings
even for an isolated structure. The plasma filament eventually decelerates due to dispersion by the
convective flows. When sheath dissipation is included in the simulations, the radial velocity of
isolated filaments is found to be significantly reduced.

The results are discussed in the context of convective transport in scrape-off layer plasmas,
comprising both blob-like structures in low confinement modes and edge localized mode filaments
in unstable high confinement regimes. The favorable comparison with experimental measurements
strongly indicates that electrostatic interchange motions is the salient mechanism underlying cross-
field transport at the boundary of magnetically confined plasmas.

-5 0 5 10 15 20 25
-10

-5

0

5

10

-5 0 5 10 15 20 25
-10

-5

0

5

10

-5 0 5 10 15 20 25
-10

-5

0

5

10

[1] O. E. Garcia, J. Horacek, R. A. Pitts, A. H. Nielsen, W. Fundamenski, J. P. Graves,
V. Naulin, J. J. Rasmussen, Plasma Phys. Control. Fusion 48 (2006) L1

[2] O. E. Garcia, N. H. Bian, V. Naulin, A. H. Nielsen, J. J. Rasmussen, Phys. Plasmas 12
(2005) 070901


