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Observations of Magnetic Fields

11 years sunspot cycle
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Observations of Magnetic Fields

22 years magnetic cycle
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Observations of Magnetic Fields

twisted magnetic fields

EMERGENCE -

Nags  TWISTING M

géﬁ Twisted fields are more
"7 likely to erupt (Canfield et al. 1999).



Dynamo Mechanism

r

plasma . currents . induction . dynamo effect

Equations of magnetohydrodynamics (MHD):

Induction equation:

Momentum equation:

Continuity equation:

Advective derivative:
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Mean-Field Formalism

small-scale turbulent motion ;ﬁ: large-scale magnetic fields

Mean-field decomposition: B = B + b

o
eqd.. B = B dx d
J LxLy/ Ty

Mean-field induction equation:
0.B=nV°B+V x (UxB+E)

Electromotive force (EMF): | €& = u x b

need closure » express £ in terms of the mean fields:

£E=EU,B,..)

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



EMF and Nonlinear Alpha-Effect

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

E=aB-nV xB 0B =V xaB+ntV*B

a effect: o = ak + aum (magnetic helicity conservation)
ag = —Tw - u/3

ant = 73 - b/(3p) ~ k%@ - b/(3p) = h

(Pouquet et al. 1976)
Magnetic helicity densitiy: h = A - B

— UL
a - b works against dynamo: FEy o< 1/Reyy Rey = —

Sun: Rey = 107 galaxies: Rey; = 10%°

» catastrophic alpha quenching



Magnetic Helicity Conservation

d

without fluxes (closed system): 71713%) d_<A B) =0

linear stability: A = ak — nrk? = (Cy — 1)nk?

large scale: k =k =1 »

er = fracitonal helicity
ke

C _Efk‘_l

Simulations:

DU
B = ~AVInp+J x B/p+ Fu (F)

helical forcing
triply periodic box (helicity conservation)
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Magnetic Helicity Conservation

Slow saturation of the mean magnetic field.
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Magnetic Helicity Conservation
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Magnetic Helicity Fluxes
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open boundary

symmetric
wind
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Magnetic Helicity Fluxes

closed boundary
antisymmetric
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Gauge Issues

Gauge transformation: A — A+ VA

hl,=hm+VA-B

* resistive gauge
* pseudo-Lorenz gauge
* Weyl gauge

* helical forcing analog. MF
* periodic boundaries
» 128X128x256 box

—1.5

-1.5 —-1.0 -0.5

® resistive gauge ®

@ G--6--o Lorenz gauge ®

®  o-o--o Weyl gauge ®

Time averaged magnetic helicity
fluxes do not depend on the gauge.

A
. . VAN
» lts importance for dynamos is saved. 1@5
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Advective Gauges

7

resistive gauge

=U x B+nV?A"

0A"
ot

N

advecto-resistive gauge

aAar
ot

—UxB—nJ—V{U- A" -V - A™)

» measure helicity transport

»spatial distribution of the magnetic helicity
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Advective Gauges

kinematie regime
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Magnetic Helicity

Measure for the topology:
1%
VxA=B ¢ = /B d.S

’2

n = number of mutual linking

Conservation of magnetic helicity:

lim 2(A B)=0 71 = magnetic resistivity
n—0 Ot

Realizability condition:

8 Epn(k) > le(k”/Qmﬂ ‘ Magnetic energy _is boqu from

below by magnetic helicity.
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Hy # 0

Interlocked Flux Rings

actual linking vs. magnetic helicity

Hy =0

e initial condition: flux tubes
 isothermal compressible gas
* Viscous medium

e periodic boundaries

n=>2
OA D In
Ot e Dt v
DU
D_t:—c%VIHp—I—JXB/p—FFviSC
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Interlocked Flux Rings
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Interlocked Flux Rings

1.00F

0.1 .
-
‘ Magnetic helicity rather then actual
linking determines the field decay.




JUCAA Knot and Borromean Rings

* |Is magnetic helicity sufficient?

* Higher order invariants?

.....

\)ﬂ‘l

Borromean rings  I[UCAA knot
Hy =0

&

IUCAA = The Inter-University Centre for Astronomy and Astrophysics, Pune, India



Reconnection Characteristics

3 rings ‘ Twisted ring + ‘ 2 twisted rings
iInterlocked rings
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Magnetic Energy Decay
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Summary

* MF predictions confirmed in magnetic helicity conservation.

* Magnetic helicity fluxes alleviate catastrophic alpha quenching.
e Gauge problem solved for statistical averages.

« Adveco-resistive gauge transports helicity to small scales.
 Braiding increases stability through the realizability condition.

 Turbulent magnetic field decay is restricted by magnetic helicity.

23
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