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Introduction

Magnetic buoyancy in the tachocline

Solar tachocline:

— stably stratified magnetic layer at the base of the convection zone
— characterised by a strong radial & longitudinal velocity shear

— site for dynamo action: major role for magnetic buoyancy instabilities

Problematic of magnetic buoyancy instabilities in the tachocline:

— nonlinear evolution of magnetic buoyancy instabilities: modification of the
background vs enhanced transport
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— effective transport coefficients: heat, magnetic field and momentum

— interaction of the magnetic buoyancy instabilities with strong velocity shear and rotation
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Introduction

Numerical modelling

We solve:

— System of compressible MHD equations (i.e. time evolution equations for T, U, B, p) in 3-D
— Cartesian domain: periodic in « & vy, stratified in z (gravity, g = ge., acting downwards)

— Non-dimensionalised equations:

— space and time units: 1o = L (box height) & to = L/+/(cp — ¢v)To

— non-dimensional parameters:
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Numerical method:

— HPS (N.H. Brummell, JILA):

— Hybrid pseudo-spectral code (Fourier, finite differences)

— poloidal-toroidal decomposition of B
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Interchange

Interchange: 2-D computation

Nonlinear evolution of a magnetic layer in 2-D: Cattaneo & Hughes 1988, JFM
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Nonlinear dynamics:

— rising and expending fluid generate vortices
l ‘ — counter-rotating vortices transport B downwards
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Interchange

Interchange: 3-D computation

Nonlinear evolution of a magnetic layer in 3-D: Wissink et al. 2000, Mon. Not. R. Astron. Soc.
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Undular modes

Undular modes:

basic state & linear theory
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Exact equilibrium: magnetised stably stratified

atmosphere

B u=0 & 92b=0
v82,T = —(y — 1)F¢(8.b)*
9. (pT + Fb*/2) = 0(m + 1)p

magnetic field linear in z, B, =1 + 4z
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Undular modes

Undular modes: the nonlinear regime
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