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Toroidal magnetic field instabilities

Taylor-Couette flow geometries have been used to model instabilities in astrophysical disks [Stefani
et al.| (2006)). They also provide an opportunity to study global aspects that are not captured by
shearing boxes, but they are simpler than full spheres. An example is the Tayler instability (Tayler,
1973), which is now frequently applied to spherical geometries such as the Tayler—Spruit dynamo
(Spruit,, 2002).

Background

The eigenfunctions of the Tayler instability are helical. The total field remains non-helical if both
contributions balance initially. A small imbalance can however be amplified, as was shown first by
Chatterjee et al|(2011) in magnetic buoyancy instabilities and later for the Tayler instability Gellert
et al.| (2011).

Project details

We choose a basic state with zero velocity and zero axial component of the magnetic field (B,). The
azimuthal component of the magnetic field is

B, = By (s/50) exp|—(s — 0)?/0”], (1)
where By is a normalization constant, so = 2 and ¢ = 0.2. We choose By and ¢s in such a way that

the sound speed is much larger than the Alfvén speed.

1. Verify that the unperturbed initial state remains in equilibrium for some time. You may use
analytic or numerical techniques. A setup for the PENCIL CODE is listed at the bottom of the
page http://lcd-www.colorado.edu/~axbr9098/teach/PencilCode/MixedTopics.html

2. Add a perturbation of the magnetic field with an infinitesimally small net helicity given by the

following expression:
o sin myp
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where § is an arbitrary small amplitudes which we set to 10~7 for all the simulations and
k. = q/sin = n,7/h is the vertical wavenumber of the perturbation.

3. Check that the evolution equations for the two eigenmodes are described by
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http://lcd-www.colorado.edu/~axbr9098/teach/PencilCode/MixedTopics.html

4. Discuss the connection with auto-catalysis of left- and right-handed bio-molecules, L and R,
and assume that they are capable of polymerizing to form homochiral dimers,

L+L-%LL, R+R-RR, (5)
as well as heterochiral dimers,
L+R X5 LR, (6)

5. Determine an empirical phase diagram that characterize the evolution of the handedness.
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