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Abstract. We present preliminary results of a 3D MHD simulation of the convective envelope
of the giant star Pollux for which the rotation period and the magnetic field intensity have been
measured from spectroscopic and spectropolarimetric observations. This giant is one of the first
single giants with a detected magnetic field, and the one with the weakest field so far. Our
aim is to understand the development and the action of the dynamo in its extended convective
envelope.

1. Context and numerical setup
The detection of magnetic fields in the atmosphere of red giant stars using spec-

tropolarimetry (see Aurière and Konstantinova-Antova in this volume) brings the op-
portunity to get an insight on the secular evolution of magnetic fields in solar-type and
intermediate-mass stars. Spectropolarimetry allows to estimate the magnetic fields inten-
sity, the doppler imaging of magnetic red giants being a delicate matter in part due to the
usually long rotation period that characterizes these objects. The star Pollux is one of the
first giants with a detected magnetic field, and its intensity of about 1 G, is the weakest
detected so far. Here, we present preliminary results of a fully 3-D dynamo computation
carried out with the Anelastic Spherical Harmonic (ASH) version 2.0 code (Featherstone
et al. 2013, Brun et al. 2004), for the entire convective envelope (75% of the total radius,
strong stratification) of a 2.5 M� with R = 9 R� and L = 40 L�, well representative of
the star Pollux (see Aurière et al. 2009). The hydrodynamical progenitor was computed
with Ω = 2.63 10−7 rad.s−1 , corresponding to a υ sini ≈ 1.3 km.s−1 , in good agreement
with published values. Using a magnetic Prandtl number of the simulation of Pm = 3,
we have next initialized the magnetic field with a multipole l = 3, m = 2 seed field, with
an initial total magnetic energy ME less than 10−3 of the total kinetic energy.

2. Dynamo onset, internal transport and magnetic properties
Our simulation is still running and as of today the dynamo is in the linear regime

with an exponential growth of ME having to enter yet the saturated regime. At this
point of the simulation, the total magnetic energy only corresponds to 0.1% of the total
kinetic energy. The ME is dominated by non-axisymmetric contributions of the toroidal
and poloidal fields. The purely axisymmetric components TME and PME are growing
but very weak. The radial energy flux balance has reached an equilibrium. The radial
energy transport by the Poynting flux is negligible (at a level of 10−5) at this stage of
the simulation. This situation should change once a saturation of the dynamo is reached.
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Figure 1. Renderings of the simulation after evolving it for 320 days. Left Fluctuations of the
radial velocity (convective patterns upper row), the radial magnetic field (middle row) and the
toroidal magnetic field (lower row) at three different depths. Right 3D rendering of the magnetic
field and of the extrapolated magnetic field. The lines represent magnetic field lines and the
surface is a spherical cut in the convective zone. The colours blue and orange represent negative
and positive values of Br .

As also found in Brun & Palacios (2009) for a more evolved red giant, the enthalpy flux
dominates the energy transport. When converted to luminosity it reaches 160% of the
total stellar luminosity. This flux arises to compensate the strong inward (negative) ki-
netic energy flux found in the simulation.

Fig. 1 (left panel) shows the convective patterns achieved consisting of warm large
upflows surrounded by a network of cool thin downflows. The differential rotation profile
achieved in the simulation is retrograde and cylindrical in the bulk of the domain except
near the rotation axis. The rotational state is similar to that achieved in the hydro-
dynamical progenitor when averaged over the same period of time, indicating that the
Lorentz force is too weak for the magnetic field to affect the angular velocity profile at
this stage of the simulation.

The radial magnetic field follows the descending flows, while the toroidal field develops
within that network. The magnetic activity is larger at the bottom of the convective
envelope (see scales Fig.1 left panel). The intensity of the flows is larger at larger depths,
with a magnetic energy that can be locally intense but remains globally weak at this
stage of the simulation. The global amplitude of the magnetic field is ≈ 9 Gauss. A 3D
rendering of the simulation together with the extrapolated magnetic field is also shown
in Fig. 1 (right panel). While the magnetic seed is a multipole and the simulation is not
mature yet, we clearly see a dipolar configuration appearing (strong l=1 mode).

References
Aurière, M., Wade G., Konstantinova-Antova, R. et al. 2009, A&A, 504,231
Brun, A. S. & Palacios, A. 2009, ApJ, 702, 1078
Brun, A. S., Miesch, M. S., & Toomre, J. 2004, ApJ, 614, 1073
Featherstone et al. 2014, in preparation

https://doi.org/10.1017/S1743921314002488 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921314002488

