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Swedish Solar Telescope (SST)
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Hinode U o T (Solar-B)

Solar prominence, Eruption observed in Ca Il H
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11 year cycle
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Galactic Magnetic Fields
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Galaxy M51
(Fletcher et al. 2011)



Twisted Magnetic Fields

' TMBRGENCE. "

. Twisted fields are more likely to erupt,
~7*  (Canfield et al. 1999)

O Twist increases the stability of
magnetic fields in tokamaks.
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Dynamo Effect

kinetic motion — induction turbulent motion — induction
— electric energy — magnetic energy
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Turbulent Dynamo Schematics
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By Qv
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Energy budget for a dynamo. . -
(Brandenburg et al., 1996) W . RNEN
02040608101.21.4

ET, EK, EM’ EP — L (r/R) sinf
thermal, kinetic, magnetic and (B 4)+ for a convection
potential energy driven dynamo.

(Warnecke et al., 2012)
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Dynamo Mechanism

Y |

plasma . currents . induction . dynamo effect

Equations of magnetohydrodynamics (MHD):
Induction equation: 8_B VU x(UxB-—nJ
5 ( nJ)
DU
Dt

Momentum equation: — —c%Vlnp +J x B/p+ FLis

Continuity equation: D]:I)I;p V.U

Advective derivative: D/Dt =9/0t+U -V
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Mean-Field Formalism

Mean-field decomposition: B = B + b

Mean-field induction equations:
OB =nV’B+V x (U x B+ E€)

b=V x{Uxb+G)+V x(uxB)+nV-b

Electromotive force (emf): & — u x b
G=uxb—uxb

Mofatt, H. K., 1978, Krause and Raedler, 1980 13



Electromotive Force

The EMF is assumed to be linear and homogeneous in B.

W &i(x,t) = £ (a
//K@‘7 (z,2',t,t)Bj(z — ', t — ') d°z dt’

Taylor expansion: —
__ _ 0B (x,t
B(a', 1) = By(a,t) + (o — ) 22200

8£Bk

Assume local and instantaneous dependence of £on B.

_ _ B.
ﬁgi:&i]’B]’—l—b" ) 4.

11k
J axk

For a turbulent system without preferred direction, i.e. U = 0

£E=aB -0V x B 0,B =aV x B+ nrV°B
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Alpha-Effect

o effect: a = ax + aym

AR = —Tm/?)

an =77 -0/(37) = 7k%a - b/(35) = hm

helically driven dynamo EK’f —Ww-Uu

. production of magnetic helicity EM’f —a-b

. total magnetic helicity conservation hnim = A - B

a - b works against dynamo: Ey < 1/Reym Rey =

UL

n
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Magnetic Helicity Fluxes
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Magnetic Helicity Fluxes

Solve equations for one hemisphere.
Impose (anti)symmetric field at the equator.

z z
vertical field perfect conductor
(open boundaries) (closed boundaries)

Increasing upward

wind
80&M
Fickian diffusion K¢
0z
0 symmetric field 0 antisymmetric field

Urms L
n 17

RGM =



Magnetic Felicity Fluxes

open boundary VS closed boundary
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Adding Shear

Critical values for the forcing
and the shearing amplitude

Shearing
velocity field:

B 0
U = Sz
0




Full Domain

Imposed parity in the hemispheric model is artificial.
ﬁ Include both hemispheres.

2
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Preferred antisymmetric mode? 20



Parity Change

Look at the parity of the magnetic field B,

(I i ‘T i
MR 1 AL

> The antisymmetric solution seems to be the preferred one.
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Parity Change

Random initial field
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Conclusions

» Advective magnetic helicitgfluxes can alleviate
catastrophic quenching.

* Diffusive magnetic helicity fluxes can alleviate
catastrophic quenching.
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Appendix

Viscous force: F' i = p_lv - 2UpS

| 1
Strain tensor: S@'j — i(u” + ng) —

Sound speed: Cs = \/’Y%

1
504V U
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