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Magnetic Islands at various scales in tokamak
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Magnetic Islands at various scales in tokamak
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Basic Mechanism leading to Micro Magnetic Island :
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Magnetic Island Formation Recipe’s

Open questions in tokamaks context relative to magnetic
reconnexion at small and large scales :

1. Non ideal phenomenom to violate the

frozen flux condition locally ?
=> modification of the magnetic field line topology is allowed
resistivity and collisions , electron mass inertia, other mechanisms ?

2. Free energy to let the island grows ?

large island : magnetic equilibrium , resistivity, pressure gradient, turbulent modes , !

micro island : electronic temperature gradient , collisions, curvature ,
electric potential fluctuations , !

3. Saturation mechanisms ?

Size of large island at saturation .
Electron heat transport due to micro-reconnexion at plasma edge ?



|. Classical theory of the tearing instability
1. Resistivity at the origin of the reconnection
2. Equilibrium current for the growth and the saturation
3. Saturation ?

ll. Turbulence Driven Magnetic island
1. Resistivity at the origin of the reconnection
2. Turbulent modes drive the island growth
3. Saturation ?

lll. Stability of Micro-Tearing Modes
1. Collisions at the origin of the reconnection
2. Instability growth : electron temperature gradient,
curbature , electric potential fluctuations
3. Saturation ?

Conclusions



l. Classical Theory of the Tearing instability

2D Reduced MagnetoHydroDynamic Model
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l. Classical Theory of the Tearing instability

Tearing instability of the mode m=1
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Linear prediction of instability Iﬁland size at saturation ? An open question
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l. Classical Theory of the Tearing instability

Tearing instability of the mode m=1
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What is the missing ingredient to predict the saturated island size ?



l. Island size prediction using Neural Network !
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. Island size prediction : Importance of J_,
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=> Indeed, the radial structure and the amplitude of the equilibrium current profile affect
also the saturated island size ws [0. Agullo et al., ICDDPS, Marseille (2019)]



l. Classical Tearing Mode — Conclusion,

|
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Open question : prediction of the saturated island size (step 3) ?
!
However :

Tearing instabiliy is stable in tokamaks although a seed magnetic island (?)
can be amplified by neoclassical effects and lead to a nonlinear growth of a
Neoclassical Tearing Mode (NTM) which can damage the device.

=> Since tearing is stable, what is the origin of a such seed island in tokamak?
=> Can there be other physical mechanisms to explain seed magnetic

island growth in tokamaks ?

|

!



Il. MHD-Turbulence Interactign, a Multi-Scales Problem

Temporal
scale
A
Interchange
like instabilities
Vi";0
VXXI'B:
VXINB:
.
"HS%&'(!
VINB: 9-6#%2
XeV@d V(& VX@E 2
Spatial scale

Interchange like instabilities coexist with
macro

MHD instabilities and lead to micro-turbulence

in fusion devices.

The interaction of magnetic island with
interchange is a multi-scales problem.

[F. Militello et al, POP 15 (2008)]

[F.L. Waelbroeck et al, PPCF 51 (2009)]
[M. Muraglia et al, PRL 103 (2009)]

[A. Ishizawa et al, POP 17 (2010)]

[F. Hariri et al, PPCF 57 (2015)]

[L. Bardoczi et al, POP 24 (2017)]

Turbulence Driven Magnetic Island (TDMI)

[M. Muraglia et al, PRL 107 (2011)]
[A. PoyZ et al, POP 22 (2015)]

[W. Hornsby et al, PPCF 58 (2015)]
[O. Agullo et al, POP 24 (2017)]
[A. Ishizawa et al, PPCF 61 (2019)]

" TDMI amplified and at the origin of a NTM

[M. Muraglia et al, NF (2017)]
J. Frank, PhD thesis, CEA and PIIM Lab
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| II. Model: 2D Reduced MHD

Model includes both resistive Interchange and Tearing Mode
I [M. Muraglia et al, NF 49, 055016 (2009)]
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ll. Linear Turbulent spectrum
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ll. NL generation of TDMI
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[W. Hornsby et al, PPCF 58 (2015)]



Il. NTM growth from a TDMI
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II. TDMI - Conclusions
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Open questions :

1. Prediction of the saturated island size in presence of turbulence (step 3)?

2. Experimental signature of such mechanisms

At small scales, A’<0 and resistivity in tokamak is considered too weak for
Micro-reconnection. However...



lll. Contexte for micro-reconnection
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=> Micro-TearingMode (MTM) instability ?



lll. Origin of Micro-Tearing Mode (MTM) ?
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lll. Reconciliation between theory and simulations
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lll. Destabilization of a MTM
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l1l. MTM - Conclusions
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General conclusion
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