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Polarized view on dynamos

No radiative zone — no tachocline: qualitatively different
dynamo (and activity level?) than in the Sun?
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Flux transport dynamo: B_ due to

shear in tachocline, B due to
buoyant flux tubes. Convection
unimportant.

Distributed dynamo: B due to

helical convection in CZ, shear In
CZ contributes to B_. Tachocline

tor
unimportant.
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Implications for dynamos

Discontinuity in stellar structure at the transition: break in
activity?
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Numerical modeling

Star-in-a-box model: embed a spherical star within a cube.
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Modestly updated version of the model of
Dobler et al. (2006), Astrophys. J., 638, 336.
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Numerical modeling

Some salient features:

U

fa=———Ffc(r). Velocity damping outside the star
damp
L 2 .

1) = Grpyrz &P <—2;—%> - Heating near the centre

C(a) = pep W8 = Tsurt 1y Cooling outside the star

Tcool

4 .
Froa = —KVT, K= Kop 2T%5. Kramers opacity

Fsas = —xbspVs, & =s—5.  Subgrid-scale entropy diffusion

\_ J
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M dwarf parameter study
MS M5 star: M =0.2Mg, R =0.27Rs, L = 0.008L

Run i’mt[days] T'r.t[lf}a] Urms M /8] Brms[kKG] | Co Co'“N Ras Re Pe R{:_\.-I Tsim years] DR erid
HDI — — 18 — — — P6.5-10° 189 37 — 302 — 2887
RHDI 433 0.16 17 — 0.6 0.1 12.3-10° 181 36 — 58 anti-solar 288°
RHD2 144 1.4 15 — 1.9 0.2 @#1.7-10° 159 31 — 37 solar-like 288"
RHD3 43 16 15 - 6.4 0.9 4.8 .10° 159 31 — 36 solar-like 288"
RHD4 14 144 9.0 — 31 3.0 @1.3-107 96 19 — 220 solar-like 288"
RHDS5 4.3 1600 5.7 — 166 11 f§7.9-107 61 12 — 209 solar-like 288"
MHDO — — 18 nodynamo] — — J6.5.10° 189 37 95 87 — 2887
MHDI 433 0.16 14 11 0.7 0.1 f11.2-10° 145 29 72 143 anti-solar 288*
MHDI1h| 433 1.4 14 12 0.7 0.1 §13.6-10° 293 58 146 79 anti-solar 576"
MHD?2 144 1.4 14 4.5 2.0 0.3 W§1.7-10° 152 30 76 107 solar-like 288"
MHD3 43 16 10 10 91 1.2 §13.2-10° 111 22 55 134 solar-like 288"
MHD3h| 43 64 10 12 94 1.4 §18.0-10° 215 43 107 83 solar-like 576"
MHD4 14 144 5.8 13 49 3.6 f§7.8-10° 62 12 31 201 solar-like 288"
MHDS5 4.3 2500 2.6 19 366 24 f1.1-10" 34 6 17 302 solar-like 288%
MHDS5h| 4.3 10* 2.5 23 375 14 W3.7-107 67 13 33 149 solar-like 576"

2Q) 1% 1% 1%

Co = —z, kr =2w/R. Prgas = NOEE 0.2, Pr=—-—>1, Pry=— =0.5.

U

rmsVR X3Gg X () ;

Lratio ~ 2.1-10
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Thermodynamic stratification
Deardorff layer (9,5 > 0, F.ony > 0.)
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(Hydrodynamic) Flow states

non — rotating P.o.: =433 d P.o.: =144 d

Pt =43 d Py =14 d P.ot = 4.3 d
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Differential rotation
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Slow rotation
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Latitude [°]

Slow rotation
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(Kapyla et al. 2017, A&A, 599, A4)

Co = — 1.5,

(Strugarek et al. 2018, AZA, 863, 35)
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Intermediate rotation

Gilman (1983), Glatzmaier (1985)...
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Comparison to spherical simulations
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This Letter has focused on a single-dynamo solution that
shows striking hemispheric asymmetries. We find the same
preference for single-hemisphere dynamos in every fully
convective M-dwarf case computed to present, including a
sweep of cases at Ek = 2.5 x 107> and Roc = 0.38-0.57,
corresponding to rms Reynolds numbers of 210-350 and
Rossby numbers of 0.27-0.42. These cases also all undergo
cyclic reversals of magnetic polarity. To check if single-
hemisphere preference happens spuriously from a numerical
source, we also rotated around the X rather than the Z axis (for
Roc = 041, Ek =25 x 107°). In this strange solution,
cycling single-hemispheric-dynamo action happened around
the east—west pole, relative to the numerical grid.
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Comparison to spherical simulations

THE AsTROPHYSICAL JOURNAL LETTERS, 833:L28 (6pp). 2016 December 20

doi:10.3847/2041-8213/833/2/L28
D 2016, The American Astronomical Society. All rights reserved.

CrossMark
MAGNETIC CYCLES IN A DYNAMO SIMULATION OF FULLY CONVECTIVE
M-STAR PROXIMA CENTAURI

RakesH K. Yapav!, ULricH R. CHRISTENSEN?, ScoTT J. WoLK', AND KATIA POPPENHAEGER™
! Harvard- Smllhwmdn Cenler for Astrophysics, 60 Garden Slreet Cambridge, MA ﬂ" 138, USA; rakesh.yadav @cfa.harvard.edu
* Max- F'l‘ma,k Institut fiilr Sonnensystemforschung, Justus-von-Liebig-Weg 3, D-37077 Géttingen, Germany
A‘;tmph\ sics Research Center, Queen’s University Belfast, Belfast BT7 INN, UK
Received 2010 October 8; revised 2016 November 28; accepted 2016 December I; published 2016 December 19 Tcyc/2

~ 9 yr.

**'n

T}d;:—i‘f ' | JI'.'.-.--ILI .'":" L) (il 51 .: - : u-- B -.' ﬁ

#

1'.'-':*’& <B¢>¢ I-

%Y T i S

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

View at the equator:

(e.g. Krause & Radler (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_, different K. F.a=-KVT, K =Ko *T%°
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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?
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How about partlally convectlve stars?

200 § 200
150 150
100 100}
| 12.9
50| 50
E =
= 0 = 0
& td
—50 —50

B, [kC]

—100 = |
NS
—150 '

—200 6.9 —200 1NN

100
w [Mm]

Pencil Code User Meeting 20 May 2021




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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Transition to full convection

According to stellar structure and
evolution models the transition
occurs around M = 0.35M.

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

(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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15 2.0
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3.0

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

M stars have a low luminosity leading to slow convective
velocities. Thus the Mach number is small:

conv L 1/3
Ma) — u — 10_5 o o o 10_27 uconV O( (_> .
Cs 0

Timestep of simulations determined by the fastest signal
speed: 6t = Ax/max(cs, Ucony, VA, - - -)-

Typical values yield dt,. ~ 1s. However, the Kelvin-
Helmholtz time (7xg = GM?/RL) in M stars is 10°-10'° years.
The wall-clock time per timestep for a typical current

simulation is roughly 0.1s — time to solution 10° (10°) years.
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Enhanced luminosity method

Enhanced luminosity method (ELM): use a much higher
luminosity in the simulation, L = L,.tioLyx, Lratio > 1.

Reinterpret u__as the actual convective velocity. Implies
rescaling of sound speed, ¢ Lr_aii/og :

Uconv 1/3
MaELM — — LratioMa’* .

Cs
Gap between 7xku and dt,. diminishes proportional to Liﬁo.
The model describes a numerically tractable analogy of the
star where the range of timescales is compressed.
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