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Turbulence driven magnetic islands in high-β
plasmas: generation and non-linear dynamics
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The dynamics of magnetic islands and the role they play in fusion plasmas are usually approached and pre-
dicted using extensions of the original theory by Rutherford [1, 2], on which estimates for their impact on
the operation of present and future magnetic confinement devices are based. Likewise, diagnostics to detect
their presence [3] and techniques to limit their impact are operated on the assumption that the fundamental
physics of the phenomenon have been clarified. Still, there are experimentally reported examples of magnetic
islands showing up in systems that are predicted to be stable against the formation of such structures [4],
which indicates otherwise. The work presented here shows how turbulence that develops in the non-linear
phase of a high-β system unstable to interchange modes is capable of generating magnetic islands [5, 6] in all
conditions explored numerically, and how the dynamics of these turbulence driven magnetic islands (TDMIs)
depend on the interaction with the zonal fields. In particular, competition is found to occur between the zonal
flow and the magnetic island when it comes to the repartition the free energy of the system, and the growth of
the magnetic island and of the zonal current are found to be tightly inter-dependent. Zonal flows and TDMIs
can coexist in a stable manner throughout the simulation. The zonal flow is localized on the resonant surface,
which is inside the separatrix of the TDMI, where it can maintain the pressure profile relatively stable, and
the magnetic island grows on either side of the resonance, depending on geometry and other factors, where
it flattens the pressure profile. From an experimental point of view, the effect of the zonal flow hides the
presence of the magnetic island until it has reached a width as much as 4 times the critical width identified by
Fitzpatrick [7]. These dynamics are studied by running non-linear simulations using a 6-field reduced electro-
magnetic fluid model [8] varying β and the magnetic shear, as well as the dissipations for the zonal flow. An
analytical approach to the problem is also presented to highlight certain fundamental features of the interplay
among the large scale structures and turbulence, in particular the fundamental difference in the magnetic and
electric fields due to the former being divergence-free.

The project leading to this publication has received funding from the Excellence Initiative of Aix-Marseille
University - A*Midex, a French “Investissements d’Avenir”program AMX-19-IET-013. The simulations in this
article were run thanks to the support of EUROfusion and MARCONI-Fusion. This work has been carried
out within the framework of the EUROfusion Consortium, funded by the European Union via the Euratom
Research and Training Programme (Grant Agreement No 101052200—EUROfusion). Views and opinions ex-
pressed are however those of the author(s) only and do not necessarily reflect those of the European Union
or the European Commission. Neither the European Union nor the European Commission can be held re-
sponsible for them. Centre de Calcul Intensif d’Aix-Marseille is acknowledged for granting access to its high
performance computing resources.

References:
[1] PH Rutherford. The Physics of Fluids, 16(11):1903–1908, 1973.
[2] H Reimerdes et al. Physical review letters, 88(10):105005, 2002.
[3] FL Waelbroeck. Nuclear Fusion, 49(10):104025, 2009.
[4] A Isayama et al. Plasma and Fusion Research, 8, 2013.
[5] M Yagi. Plasma and Fusion Research, 2:025–025, 2007.
[6] M Muraglia et al. Physical review letters, 107(9):095003, 2011.
[7] R Fitzpatrick. Physics of Plasmas, 2(3):825–838, 1995.
[8] D Villa et al. Journal of Plasma Physics, 88(6):905880613, 2022.



Authors: VILLA, Daniele (Aix-Marseille University); Dr DUBUIT, Nicolas (Aix-Marseille University); Dr AG-
ULLO, Olivier (Aix-Marseille University); Prof. GARBET, Xavier (CEA-Cadarache, Nanyang Technological Uni-
versity)

Presenter: Dr DUBUIT, Nicolas (Aix-Marseille University)

Session Classification: Poster session: 02


