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Alpha Omega Dynamo

S ewaesx,
& j@ Simplifications:

:(XE—F?%VXE &:%(_mlﬁ)

0B
p 1 = aV X Btor + nTABpol

5’B N 5
t /4ZPO1 Utor 1 CVV X Bpol —+ nTABtor

o) dynamo a’ dynamo

= Utor /T SIN O
21st of November 2017 Helicity Thinkshop, Tokio, Japan




Electromotive force

E=a-B+b-VB+...

E=a- B+y><B B-(VXB)—8x(VXB)—«k- (VB)(S)
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Test-field method

Schrinner et al. 2005, 2007, 2012
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The St mulation
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Global convective dynamo simulations
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 high-order finite-ditference code
* scales up ethciently to over 60.000 cores

e compressible MHD

https://github.com/pencil-code/pencil-code/
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https://github.com/pencil-code/pencil-code/

Pr=2 Pm=1
Re=Rm=30
Co=8.3

E=1.8x10-4

o Kapyla etal.
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Magnetic quenching
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Differential rotation
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Magnetic helicity fluxes
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Helicity fluxes

29"

Latituce

Turbulent layer

0.100

Forcing with
healical transversal
plane waves

0.010

0.7 L
. 0.001 e e
0 "):9. 0 lergitude 17° 10 100 ]-OOO
0.2 '_'j::“? ::: --------- P G————— 2]
S , 0.100 F
] . ;
N o N 3 B : I
~ § i
||:,:' -0.4 N - T _
N T L s i et I
—0o6h-  Equ h 0.001 . L
F” I 10 100 1000
—-0.8L Rm

600 800 1000 1200 1400 1600 1800

t/T  — _
F: =exXa Del Sordo et al.
Warnecke et al. 9013

2011

Helicity Thinkshop, Tokio, Japan 18




F/N

Corolios

10

Corolios number
21st of November 2017

-0.8L -

600 80

Helicity Thinkshop, Tokio, Japan

1000 1200 1400 1600 1800
t/

19



0 2000 4000
t/T

-2 ,
0 2000
t/T
2
1 L
—1F ;
-2 , ,
0 1000 2000
t/T
21st of November 2017

0 2000 0 2000 4000 0 2000 4000
t/T t/T t/T

-2 , , -2 . : -2 :
0 2000 4000 0 2000 4000 0 1000
t/T t/T t/T
2 2 2
1f 1
N AAMAN A
— 1 L -1 3
-2 - : -2 . .
0 1000 2000 0 1000 2000
t/T t/T

Helicity Thinkshop, Tokio, Japan



| | | | 0.04 i
0.10 : 0.02f E
: LY C ]
NS 0.05 ¢ 5 < 0.00 i
9 | b :
< 0.00¢ 3 ~00% 5
~ ; : :
= : : B, ' ' ' ' ' '
= 0.05 : ] 20 40 60 80 100 120 140
—0.10F a 0.04[ 1
— : —— : 0.02f —
T T — T T T :9 0.00 a
S k i
) { I [ 1
05t S R ~0.02 N
. ~0.04 L
1 Q
S
-
~
|

21st of November 2017 Helicity Thinkshop, Tokio, Japan 21



Coronal model driven by emerging flux simulation

flux-emergence simulation coronal simulation

— flux rope rises from bottom as time-dependent lower boundary

from / similar to Cheung et al (2010) ApJ 720, 233 S} — use photospheric layer (T, p, v, B)
and breaks through surface — magnetic field expands

— pair of sunspots — coronal loops form
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Chen, Bingert, Peter, Cheung (2013)




Coronal model driven by emerging flux simulation

» loops form at different places
at different times

» loop footpoints are In
sunspot periphery (penumbra)
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Helical currents in coronal loops

Warnecke et al.
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Rotation Activity Relation
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Conclusions

e Alpha effect 1s more than ,,just" helicity:

e Alpha becomes highly anisotropic for high rotation.

* Increase of the helicity fluxes with rotation

* Decrease of the helicity fluxes with Rm.

e Helicity flux shown cycle dependency.

* Magnetic helicity important for coronal heating

* Magnetic helicity might play important role for stellar

Rotation-Activity-Relation.
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