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Introduction: differential rotation (ΔΩ)
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- The star rotation leads to the stretching of the poloidal magnetic field and the 
generation of the toroidal magnetic field (Ω effect). 
- Strong feedback between the Lorentz force and the star differential rotation.



  

Introduction: Magnetic convection (Vr)

- Driver of the poloidal B field (α effect) and the toroidal B field too in α² dynamos



  

Solar-like stars (late F, G and early K type)

- Ro is the ratio of the 
inertial to Coriolis forces.

 Ro << 1 → Coriolis dominate
 Ro >> 1 → Inertial and 
centrifugal forces dominate
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Trends between the ΔΩ  and the star rotation and the Mass

- Confirmation of the observational scaling 



  

Introduction: Effect of rotation in the convection

- The size of the convective cells increases with the Rossby number:   
- Impact in the convective dynamo of the starts. 
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Introduction: Differential rotation in G&K stars
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- Antisolar if the Rossby 
number is large.    

16.0

- Latitudinal band 
(Jupiter like) for low 
mass cases.    

- Very different ΔΩ for 
the rage of Ω and M (Ro) 
  



  

Scaling law for ΔΩ 



  

Estimation of the meridional flow 



  

Introduction: Energy balance in the convection zone



  

Dynamo regimes and scaling

(ME < KE)

(ME ~ KE)

(ME < KE)

(ME > KE)



  

Introduction: magnetic cycles versus convection



  

Antisolar rotation, mass trend in G&K stars
0.7 M (Ro = 0.33)

1.1 M (Ro = 0.35)

0.9 M (Ro = 0.31)

- Dynamo α². CKE > DRCE. 
- Laminar scaling. KE > ME.
- Higher mass → DRKE drops.
- ME steady evolution for 0.9 M, 
oscillating for 0.7 M, drops for 1.1 M.



  

Antisolar rotation, mass trend in G&K stars

Ω (nHz)
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- ΔΩ is larger if the mass increases.

ΔΩ = 35 ΔΩ = 50 ΔΩ = 120



  

Rotation trend in G&K stars
0.9 Mass and 1 Ω (Ro = 0.18)

0.9 Mass and 3 Ω (Ro = 0.07)

- The 1 Ω shows a weak ME 
oscillations. CKE ≈ DRKE.

- The 3 Ω shows a strong ME 
oscillations. CKE < DRKE. 



  

Effect of the rotation in G&K stars
0.9 Mass and 1 Ω

0.9 Mass and 3 Ω

- No polar inversion in the 1 Ω 
simulation. Stable magnetic wreaths. 
Small Bphi oscillations. 

- Polar inversion in the 3 Ω 
simulation.
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Effect of the rotation in G&K stars
0.9 Mass and 1 Ω

0.9 Mass and 3 Ω

- Local weak variations for 1 Ω. 
Dipolar component dominates.

- During the polarity inversion in the 
3 Ω simulation, the quadrupolar 
term dominates.
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Effect of the rotation in G&K stars

Vr Bphi

0.9 Mass and 1 Ω
Vr Bphi

0.9 Mass and 3 Ω



  

Effect of the rotation in G&K stars
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- ΔΩ changes during the cycle 
in the 3 Ω case. Minimum of 
the ME correlated with a 
maximum of the DRKE. 

- ΔΩ larger in the hydro case. 
ΔΩ quenching by Lorenz force. 

- ΔΩ smaller in the 1 Ω case.

ΔΩ = 230 ΔΩ = 110ΔΩ = 220 ΔΩ = 230



  

Rotation trend in G&K stars

1.1 Mass and 3 Ω (Ro = 0.13)

- Drop the Ro (increasing Ω) drives a 
cyclic dynamo as in the 0.9 M (3 Ω) 
case?

1.1 Mass and 1 Ω (Ro = 0.35)
- For the 3 Ω simulation the DRKE 
> CKE, the opposite than in the 1 Ω 
case. ΔΩ is larger.

- DRKE in the 3 Ω stop dropping 
after the local maximum of the ME. 
Beginning of a magnetic cycle ?.
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Mass trend in G&K stars
0.9 Mass and 1 Ω (Ro = 0.18)

0.5 Mass and 1 Ω (Ro = 0.09)

- To drop the Ro leads to larger ME 
oscillations (almost one order of 
magnitude in the 0.5 M case). 

- The DRKE > CKE in the 0.5 M 
case. Larger ΔΩ.

- The KE in the 0.5 M case is larger 
than in the 0.9 M simulation.
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Mass trend in G&K stars

0.5 Mass and 1 Ω
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- Stable magnetic wreaths in the 
base of the convection zone but 
inversion at r = 0.79 and 0.93. 

- The Bphi polarity and the magnetic 
field topology change further from 
the base of the base convection 
zone.



  

Conclusions and future research

- Same trends in the MHD 
and HD simulations.

- ΔΩ and DRKE smaller in 
the MHD than in the HD.

Dynamo frontiers conference: Varela & Brun 2015



  

Conclusions and future research
- All simulation are in the laminar scaling.

- The anti-solar model (CKE > DRCE), α² dynamo. Stable magnetic 
wreaths. Higher mass, drop of the DRKE and increase of the ΔΩ. 

- The anti-solar cases don´t show cyclic activity but the ME and KE is 
only steady in the mode with 0.9 M. 

- The model with 0.9 M and 1 Ω shows a weak cyclic activity (CKE ≈ 
DRKE) while the 3 Ω model show a strong cyclic activity (CKE < 
DRKE). Similar conclusions for the 1.1M models with 1 – 3 Ω.

- The model with 0.5 M and 1 Ω shows a stronger ME oscillations than 
the model with 0.9 M and 1 Ω (larger Ro).

- Increase the rotation rate leads to an enhancement of the DRKE and 
ΔΩ, non-steady evolution of the ME and cyclic activity (polar 
inversion). α-Ω dynamo.

- Increase star mass, leads to a drop of the DRKE (relative to each 
simulation) and an enhancement of the ΔΩ. Dynamo dominated by 
convective motions (α²), steady evolution ME. 
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