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Introduction

Convective core

Convective envelope

Fully convective
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Polarized view on dynamos
No radiative zone → no tachocline: qualitatively different 
dynamo (and activity level?) than in the Sun?

Tachocline

Flux transport dynamo: B
tor

 due to 
shear in tachocline, B

pol
 due to 

buoyant flux tubes. Convection 
unimportant.

Distributed dynamo: B due to 
helical convection in CZ, shear in 
CZ contributes to B

tor
. Tachocline 

unimportant.
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Implications for dynamos
Discontinuity in stellar structure at the transition: break in 
activity?

Wright et al. (2018), MNRAS, 479, 2351Kochukhov (2021), Ann. Rev. Astron. Astrophys., 29, 1
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Star-in-a-box model: embed a spherical star within a cube.

Numerical modeling

Modestly updated version of the model of 
Dobler et al. (2006), Astrophys. J., 638, 336.
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Velocity damping outside the star

Kramers opacity

Subgrid-scale entropy diffusion

Heating near the centre

Cooling outside the star

Some salient features:

Numerical modeling
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M dwarf parameter study
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Thermodynamic stratification
Deardorff layer
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(Hydrodynamic) Flow states
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Differential rotation
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Slow rotation
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(Käpylä et al. 2017, A&A, 599, A4)

Slow rotation

(Strugarek et al. 2018, A&A, 863, 35)
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Intermediate rotation
Gilman (1983), Glatzmaier (1985)...
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Comparison to spherical simulations
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Comparison to spherical simulations

Observational results: e.g. Suárez Mascareno et al. (2016), Wargelin et al. (2017)...

Pencil Code User Meeting 20 May 2021



  

Rapid rotation
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Rapid rotation
               Velocity                     Magnetic field (equator)           Magnetic field (pole)

The video covers about 40 years of evolution.
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Rapid rotation: azimuthal dynamo wave

View at the equator:

View at the pole:

(e.g. Krause & Rädler (1980), Cole et al. (2014), Astrophys. J. Lett., 780, 22; Viviani et al. (2018), Astron. 
Astrophys., 616, 160.)
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How about partially convective stars?
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Three runs with same P
rot

, different K
0
.



  

How about partially convective stars?
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How about partially convective stars?
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Cycles disappear in Deardorff and partially convective runs?



  

How about partially convective stars?
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Conclusions

● Transitions of differential rotation and magnetism occur 
similarly in partially and fully convective stars.

● Quasi-steady magnetic fields for slow rotation, cyclic and 
axisymmetric for intermediate rotation, and non-
axisymmetric for rapid rotation.

● Future studies: more realistic flow regimes, self-gravity, 
radiation, magnetic braking.
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According to stellar structure and 
evolution models the transition 
occurs around                      .

Transition to full convection

Interestingly, the transition is not  
continuous: a minimum stable 
size of the radiative core is 
around 0.4R

star
.

van Saders & Pinsonneault (2012), Astrophys. J., 751, 98

(Jao et al. 2018, Astrophys. J. Lett., 861, 11; Baraffe & 
Chabrier 2018, Astron. Astrophys., 619, 177; Feiden et al. 
2020, arXiv:2020.07991)
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M stars have a low luminosity leading to slow convective 
velocities. Thus the Mach number is small:

Timestep of simulations determined by the fastest signal 
speed:                                                  .

Typical values yield               s. However, the  Kelvin-
Helmholtz time (                         ) in M stars is 109-1010 years. 

The wall-clock time per timestep for a typical current 
simulation is roughly 0.1s → time to solution 108 (103) years.

Enhanced luminosity method
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Enhanced luminosity method
Enhanced luminosity method (ELM): use a much higher 
luminosity in the simulation,                        . 

Reinterpret u
conv

 as the actual convective velocity. Implies 
rescaling of sound speed,                   :

Gap between         and        diminishes proportional to          .

The model describes a numerically tractable analogy of the 
star where the range of timescales is compressed.
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