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The New Concept of Stellar Spot Dynamo 



Solar Cycle and Rotation!

Active"

Quiet" Small vs Large "
Scale Dynamos"

polar reversal"

Equatorial branch"

Butterfly Diagram"

Quadrupole do contribute significantly"

Derosa, Brun, Hoesema 2012"



Babcock-Leighton Mechanism 
and Polar Cap Reversal"

How important"
is it to get the 11yr"
dynamo?"

Joy’s Law"
Tilt of AR"



Meridional Circulation"

Influence of B "
(active region) "

on MC"

More & more evidence for multi cellular MC"

(Haber et al. 2002)!

Svanda et al. 2008!

See also Hathaway et al. 1996, Gizon 2004, Zhao !
& Kosovichev 2004, etc…!

Zhao et al. 2013"

Multi-cellular"
MC"



Going 3-D: nonlinear convection dynamo MHD simulations"



Magnetic field in"
a solar-like star"
dynamo"



 Weak / Strong dynamo regime"
Simitev & "
Busse 2009"



Equilibrium field : Beq ~ sqrt( 8π Pgaz) ~ sqrt(ρ*)"
"
"
Laminar (weak) scaling: Lorentz ~ diffusion  => "

" " "B2
weak ~ ρνη/L2"

"
Turbulent (equipartition) scaling: Lorentz ~ advection => "

"B2
turb ~ ρv2 ~ ρη2/L2 ó |Bweak|~ |Bturb| Pm

1/2 

"
Magnetostrophic (strong) scaling: Lorentz ~ Coriolis => "

" " "B2
strong ~ ρΩη"

"
With ρ density, ν kinematic viscosity, η magnetic diffusivity, Ω rotation rate, "
v, L characteristic velocity & length scales, Pm = ν/η the magnetic Prandtl nb"
"
Fauve et al. 2010, Christensen 2010, Brun et al. 2013"

Various Dynamo Regimes and Scalings"

If magnetic Reynolds number Rm ~1 , v= η/L, then"



Mean Angular Velocity Ω 
	


Initial state of differential rotation! Evolved state of differential rotation under!
the influence of the Lorentz force!

Ω quenching!"



The transport of angular momentum by the Reynolds stresses remains at the origin of !
the equatorial acceleration. The Maxwell stresses seeks to speed up the poles.!

Angular Momentum Balance in Presence of B"

Brun, Solar Physics, 2004!



Trends in Differential Rotation with Ω & Mass (Teff)"

Barnes et al. 2005"

Collier-Cameron 2007"

ΔΩ increases with M*"Weak trend with Ω	


In Donahue et al. 1996: ΔΩ propto Ω0.7"

Confirming these observational scaling is key "



Rossby"
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Effect of Rotation on Convection" Matt, DoCao, Brun et al. 2011, 2013"

Faster flow"

slower flow"



Turbulent Convection in Stars 

Bessolaz & Brun 2011"



Mass increases ->"

Rotation"
Increases"

Differential Rotation"
In G & K stars"

5 Ω	


Ω	
 Matt et al. 2011"
Brun et al. 2014"
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See also: Gastine et al. 2014"
Kapyla et al. 2013"



AntiSolar-like"
Solar-like"

Brun et al. 2014, 2015"

Rossby Number vs Stellar Mass and Rotation"

Jupiter-like"



Scaling Law for ΔΩ	

1.2, 1.3 M"

1 M"

Brown et al. 2008"
Augustson et al. 2012"

Smaller ΔΩ with smaller Mass"

Matt et al. 2011, Brun et al. 2014"



Guessing a scaling with rotation of meridional flows"

Scaling of MC deduced from"
Brown et al. 2008"

Dikpati et al. 2001 assumed"
Vp ~Ω	

Charbonneau & Saar 2001"
assumed Vp ~Ω or log(Ω)"



Stellar Magnetism: observations and models"



Solar Type Stars (late F, G and early K-type)!

Wilson 1978"
Baliunas et al. 1995"

In stars activity depends on rotation "
& convective overturning time"
via Rossby nb Ro=Prot/τ	

<R’HK> =Ro-1  , Pcyc=Prot

1.25+/-0.5"

CaII H & K lines , <R’HK>"
Over 111 stars in HK project (F2-M2):"
31 flat or linear signal"
29 irregular variables"
51 + Sun possess magnetic cycle"

Noyes et al. 1984"

Quid of Star-Planet Interaction and cyclic activity? "

Much more"
coming in"
Asteroseismology "
Era (Mike’s talk)"

=>"



Solar Analogs 

Petit et al. 2008, MNRAS" ESPADON/NARVAL"

Faster the solar analogs rotate more toroidal"
Field contribution they possess."



Stellar Magnetism vs Stellar Dynamo 

•  Source of variability (chaos, intermittency,…) 
•  Existence of starspot and sensitivity to stellar parameters 
•  Can we reproduce the trend Pcyc ~ Prot

n (with n ~1+/-0.2) 
•  Can we reproduce the rise of the toroidal vs poloidal field 
•  What can we do about MC flow profile and amplitude? 
•  Which « solar model» is best to explain stellar data? 
 

Strong dependancy on meridional flow amplitude"

BL mean field"
models"



Magnetic Wreaths vs Turbulence"

Nelson et al. 2013a"



Latest solar-like case D3: getting cycle and equatorward branch"

Augustson, Brun et al. 2013, ApJL, submitted"

Reducing nu even further nu by using SLD scheme makes the simulation develop a more "
regular cyclic behavior"



Origin of Poloidal Field Reversal"

Fluctuating Emf key term" some contribution"
from diffusion term"
at high latitudes"



Parker-Yoshimura Rule"

uncorrect sign"



Non-linear dynamo wave"

Interaction between"
Shear and Bphi"

Correct sign"



Latest solar-like case DS3:"
Getting Maunder like minimum"

Augustson, Brun et al. 2015, ApJ"

Quadrupole dominates over "
Dipole during reversal and"
Grand minimum phase"



Towards Spot-Dynamos"



Magnetic Wreath and Intermittency yielding flux emergence"

Nelson et al. 2013, ApJ"



Wreaths can generate Buoyant Loops"

Nelson et al. 2011, 2013a, 2013b"

Towards getting first “spot-dynamos”…"



Statistic of Buoyant Loops"

Polarity rules with some defects"

Nelson et al. 2013b"



Conclusions"
"

Convective velocities Vr roughly scales with cubic root of "
L*/(R*

2ρmeanCZ) (star’s luminosity devided by mean density in CZ)"
"

⇒  Prograde vs retrograde state changes at different Ω0 	

as spectral type is changed (since Ro=V/2Ω0L and V changes with spectral type)"

⇒  Cylindrical vs conical vs shellular differential profiles"
depends on Reynolds stresses & thermal (baroclinic) "

effects/tachocline "
"

⇒ Magnetic field B reduces or can even supress diff rot Ω	

⇒ at high rotation rate we get magnetic wreaths that generate 
omega-loops as we lower diffusivity, cyclic dynamos easier to get 

⇒ Multipolar or Dipolar magnetic bi-stability exist but 
Multipolar fields seem to dominate at high stratification 

 

⇒ Stratification and/or a tachocline may help getting equatorward 
butterfly diagram (shift location of Ω and α-like effects) 

	





