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Large-scale magnetic fields in MHD
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Theory

Fourier transform

helical decomposition

reduction to triads

stability analysis
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Simulations

pseudospectral

helical decomposition

full system (all triads)

helical projection
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Generic minimal triadic interaction
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Stability analysis of single-type equilibria

Large wavenumber (small-scale) equilibria:
Up and By with k < g < po

Small wavenumber (large-scale) perturbations:
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Stability analysis of single-type equilibria

Large wavenumber (small-scale) equilibria:
Up and By with k < g < po

Small wavenumber (large-scale) perturbations:
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Uy, — kinematic dynamo
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Stability analysis of single-type equilibria

Large wavenumber (small-scale) equilibria:
Up and By with k < g < po

Small wavenumber (large-scale) perturbations:
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B;g — magnetic self-interaction
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Large-scale kinematic dynamo
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Large-scale kinematic dynamo
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Large-scale dynamo: DNS - laminar flow (Rey, = 15)

(

(a)

(linkmann@roma?2.infn.it)

Magnetic field

EVE() - W

100

(=016

a) b;: 10°

10 k

100

10/15

Velocity field

10 100

) —8—

10 100

14/09/2016 10/ 15



Inverse cascade of magnetic helicity
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Inverse cascade of magnetic helicity: DNS (Rey, = 140)
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Conclusions

The triadic systems give qualitatively correct descriptions of the dynamics.
@ STF-like dynamo on the triad level:

o «a-like triadic dynamo is the dominant large-scale instability.
o ‘anti-a’ triadic dynamo is the dominant small-scale instability.

@ The a-like triadic dynamo becomes more dominant with larger scale
separation.

@ Inverse cascade of magnetic helicity is most efficient if Hy and Hp, are
of the same sign.

@ The effect of the Lorentz force on the flow is most prominent if Hy
and H,, are of the same sign.
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Thank you

M. Linkmann, G. Sahoo, M. McKay, A. Berera, L. Biferale, arXiv:1609.01781
M. Linkmann, A. Berera, M. McKay, J. Jager, JFM 791, 61-96 (2016)
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