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Asymmetry:
Fig. 6 shows the time evolution of a proxy
for the sunspot number in each
hemisphere in our solar simulation. We see
that there is a delay of 9 months between
the two hemispheres maxima, with the
southern hemisphere reversing first.

Dynamo families in model:
Fig. 7 shows the time evolution of the
primary (dipolar) and secondary
(quadrupolar) dynamo families modes. We
notice that the strongest mode is not the
dipole, and that the quadrupole amplitude
is about 10% of the dipolar family
amplitude on average as a result of the
asymmetry, thus more important than in
most mean-field dynamo models.

Wind velocity:
Fig. 8 shows time evolution of the velocity latitudinal distribution of the
wind over a cycle, from one minimum to the next, resulting from our 54
relaxed wind solutions. We recover the bimodal distribution at minimum
(slow wind at the equator, fast wind at the poles) and slower wind
everywhere at maximum. We obtain a delay between the slow-down at
the poles in the two hemispheres as a consequence of the asymmetric
dynamo. This is close to what has been observed in Sokol et al. (2015) in
Fig. 2 with the Interplanetary Scintillations (IPS) method.
NB: the wind velocity amplitude in Fig. 8 is shown at 𝑟 = 20𝑅⊙in
km/s; at 𝑟 = 215𝑅⊙ = 1𝐴𝑈, the range is between 450 and 530 km/s.

Alfvén radius and mass flux:
Fig. 9 and 10 show the time evolution over a cycle of respectively the average Alfvén radius and the mass loss. We also
show the time evolution of the parity factor (equal to -1 when the surface field is dipolar, 1 when quadrupolar) or the
surface magnetic energy in black. The purple (yellow) lines indicate the beginning and end of reversal of the southern
(northern) hemisphere.
In Fig. 9, the Alfvén radius is anti-correlated with the parity factor, which is expected. It varies between 2.5 and 5 solar
radii, where estimations yields up to 12 solar radii; this is common with polytropic codes. It varies by a factor 2 over the
cycle, which is a bit more than expected due to the axisymmetric assumption.
In Fig. 10, the mass loss varies between 2.67 and 2.87 10-14 𝑀⊙/𝑦𝑟, where estimations yields between 2.6 and 3.1 10-14

𝑀⊙/𝑦𝑟. In our model, since the dipole is not the strongest mode, the maximum of energy is not in phase with the
reversal of the field, which allows us to clearly identify that the mass loss is more influenced by the total surface
magnetic energy than the topology.

Fig. 8:
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speed. 

Fig. 9: Average Alfvén radius and parity factor 
evolution over a sunspot cycle. 

Fig. 10: Mass loss and surface magnetic energy 
evolution over a sunspot cycle. 

Conclusion

Numerical set-up
We use 2 numerical codes to perform quasi-static simulations, following a study by Pinto et al.
(2011). The STELEM code (Jouve & Brun 2007) generates an asymmetric dynamo field through
a 2.5D Babcock-Leighton mechanism over an entire cycle (cf. Fig. 4). We select 54 instants
spaced by 2.5 months, and inject the corresponding magnetic field as a bottom boundary
condition in the PLUTO code (Mignone et al. 2007) to perform 2.5D polytropic wind simulations
(adapted from Réville et al. 2015a). We let the wind relax to reach a steady-state solution for each
instant. In Fig. 5 we can see the velocity projected on the magnetic field in units of Mach
number (color) and the magnetic field lines (white lines), showing the distribution of streamers
and their asymmetry during reversals (the streamers can be compared to Fig. 1).
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Fig. 4:
Time-latitude diagrams for 𝐵/and 𝐵0.

Fig. 5: 𝒖 ⋅ 𝑩/(𝑐6| 𝑩 |) and 
magnetic field lines at different times.

Various in-situ observations (McComas et al. 2008) have shown that the variations of
the solar magnetic field over the 11-year sunspot cycle has an impact on the Sun’s
environment, especially on the wind velocity and density distribution (cf. Fig. 1). We
are especially interested in the influence of equatorial asymmetry, as the Sun shows
a delay of a year on average between the two hemispheres’ reversals (Temmer et al.
2006); Fig. 2 shows the wind latitudinal distribution over time (Sokol et al. 2015),
and we can notice an equatorial asymmetry as well. This asymmetry can be linked to
the interplay between the two dynamo families. Fig. 3 shows the quadrupole to
dipole energy ratio over several cycles: the quadrupole is weak at minimum of
activity but becomes dominant at reversals, showing the importance of the two
dynamo families (DeRosa et al. 2012).
Our goal is to understand the link between the dynamo generated field and the
resulting wind distribution and asymmetry. For that, we reproduce the equatorial
asymmetry for the magnetic field and the wind by coupling the dynamo families. We
also aim at recovering the wind velocity distribution and global variations such as
mass loss.

Results

• We have successfully recovered the dynamics of the corona over a sunspot cycle: at minimum of
activity, we observe a large central streamer, resulting in slow wind at the equator and fast wind at the
poles; at maximum, the multipolar topology of the field leads to slow and fast winds at all latitudes,
with streamers emerging at mid-latitudes.

• The 9-month asymmetry introduced in the magnetic field is linked to the coupling of the dynamo
families, and produces a 5-month asymmetry in the wind for the formation of streamers.

• We have shown that the Alfvén radius is more sensitive to topology, whereas the mass loss is more
sensitive to the surface magnetic energy.

• Next steps will be to model a realistic heating of the corona and to introduce a dynamical coupling.

Fig. 6: Time evolution of  proxy 
sunspot number in the two 

hemispheres.

Fig. 7: Time evolution of  the two 
dynamo families coefficients.
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