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How does solar-type
stars magnetism
evolve?
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Our star: the Sun

Current Observations :
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Sun in time: Rotation/Magnetism Retroaction
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Sun in time: Rotation/Magnetism Retroaction
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Sun in time: Rotation/Magnetism Retroaction
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Dynamo Mechanism 3

Dynamo effect:
oB

The ability of a conductive W — V X (V X B) — V X (nv X B)‘

fluid (plasma) to amplify
and maintain a magnetic
field against its ohmic
dissipation.

Induction Dissipation
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2D Kinematic Approach: Solar reference cases
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2D Kinematic Approach: Solar reference cases
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2D Kinematic Approach: Application to the anti-solar DR
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2D Kinematic Approach: Application to the anti-solar DR
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2D Kinematic Approach: Application to the anti-solar DR
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2D Kinematic Approach: Application to the anti-solar DR

The dynamo still occurs,
but how is the magnetic cycle lost?
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2D Kinematic Approach: Localisation of the Dynamo
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2D Kinematic Approach: Localisation of the Dynamo

For anti-solar DR the dynamo becomes stationnary once
a is leaving the tachocline (ie. the radial shear)
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2D Kinematic Approach: Localisation of the Dynamo
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From 2D Kinematic to Global 3D MHD turbulent dynamo




Differential Rotation along the Rossby number
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Role of the rotation on dynamos
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Role of the rotation on dynamos
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Role of the rotation on dynamos

Lor Short cycles ® Cycles  |No cycles |
S
2 ° 1
8
L o
é 0.6 : ;hiswork AA’ T
17
* short cycles (~year) ; quasi-biennial oscillations ? o ° s ®
A 4
* surface dynamo ° A
» Parker-Yoshimura type A °
Aad A |
N A4l %
50 . . ) o
é i % &‘ gﬂ‘ - . I -1-0_1 100
Ei *., ? Fluid Rossby number
Rl | | q ‘ . | » Stationnay dynamo
30 35 40 & 50 55 of e Strong deep toroidal Y

time [years] .
field

(B,), at the base of the convection zone
e e o

w
o
T

* long cycles (decadal solar-like)
* deeper dynamo

* non-linear retroaction —sof ' ’
: r=o.7|“|, s Y 'W'?'

23 24 25 26 27 28 29 30

Latitude
o
1
s




Weakened Magnetic Wind Breaking ?
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Weakened Magnetic Wind Breaking ?
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Weakened Magnetic Wind Breaking ?
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Conclusions

* We present a numerical multi-D study with the STELEM and ASH codes to understand the magnetic

field generation of solar-like stars under various differential rotation regimes, and focus on the
existence of magnetic cycles.

* Magnetic cycles can be produced with anti-solar differential rotation only if the alpha effect is fine
tuned for this purpose in mean-field models.
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* A detection of magnetic cycles for such stars (or lack of thereof) would therefore be a tremendous
constrain on deciphering what type of dynamo is actually acting in the Sun and solar-type stars.
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