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Twisted magnetic fields

a0

EMERGENCE

N TWISTING Mo

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

0 Twist increases the stability of
magnetic fields in tokamaks.




Magnetic helicity
By = / A -B dV = 2né;¢s B(:)C}E
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Realizability condition: f [\ /_B)
Bl > W) 220 et

‘ Magnetic energy is bound from twisted field
below by magnetic helicity.
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trefoil knot




Stability criteria

ldeal MHD: @ =0

0B

Induction equation: —-- = V x (U x B)

constraint equilibrium

Woltjer (1958): %/ A-BdV =0 V xB=aB
1%

»
constant along field line

Taylor (1974): % [ A-Bdv=0 VxB=a(ab)B
1%

V' total volume V volume along magnetic field line 4



Creation of magnetic field
and magnetic helicity

Mean-field decompositon: B =B + b
Induction equation: B =nV’B+V x (UxB+ &)

Electromotive force: £ —ux b = aB — 'V X B
aeffect a=ax +ay = —Tw-u/3+j-b/(3p)

Inverse cascade: Hs{k) _ .00

Large- and small-scale 02
magnetic helicity of opposite o }
sign is created. L e,

IC-tt

Leorat et al., 1975 ©°
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Interlocked flux rings
HM 75 0 HM =0

* |[sothermal compressible gas
e Viscous medium
» Periodic boundaries




Interlocked flux rings
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Interlocked flux rings
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‘ Magnetic helicity rather then actual
linking determines the field decay. \ g




N-foil knots

(C 4+ sin sng¢) cos[s(ng — 1)]
D cos sng

( (C' + sin sn¢) sin[s(ng — 1)] )

cinquefoil knot
* from Wikipedia, author: Jim.belk 9



N-foil knots

‘ Magnetic helicity is approximately conserved.

‘ Self-linking is transformed into twisting after reconnection.
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N-foil knots
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Slower decay for higher ¢
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N-foil knots
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N-foil knots

2M (k)/(|H (F)|k)




IJUCAA knot and Borromean rings

Borromean rings  [UCAA knot
Hy =0

* |Is magnetic helicity sufficient?
* Higher order invariants?

&

IUCAA = The Inter-University Centre for Astronomy and Astrophysics, Pune, India 14



Reconnection characteristics

E4

3 rings ‘ Twisted ring + 2 twisted rings
iInterlocked rings
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Reconnection characteristics

Conversion of linking into twisting

RIReS)
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@

Ruzmaikin and Akhmetiev (1994)
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Magnetic energy decay

[ IUCAA knot
| -- Borromean rings

' helical triple rings

- non- hellcal trlple rlngs
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Fixed point index
mapping: (%,¥y) — F.(z,y)

Fixed points: F1(x,y) = ( Z )

Fixed point index:

Color coding:
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Yeates et al. 2011



Magnetic braid configurations

AAA (trefoil knot) AABB (Borromean rings)




Field line tracing

Generalized flux function:
z=1

Az, y) = A-dl
z=0

Reconnection rate:

2 "
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Conclusions

» Topology can constrain field decay.

» Stronger packing for high n¢leads to different decay slopes.
* Higher order invariants?

e |solated helical structures inhibit energy decay.

» Reconsider realizability condition.

* Apply fixed point method to knots (braids).

 Monitor the reconnection rate.
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Magnetic energy decay

1.00 f=-




Simulations

« 256> mesh point

e |sothermal compressible gas
 Viscous medium

 Periodic boundaries
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Linking number

Sign of the crossings
for the 4-foil knot

a at

Nlinking = (n+ — "’L—)/ 2

= *‘_ _
|+ +

HM X Nlinking

!

2
Hyp o< ng
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Helicity vs. energy

]

) 20 40 60 80 100

Ent o< lknot o< nig Knot is more strongly

packed with increasing n+.

PIMO(’I’LJ[2 1

Magnetic energy is closer to
its lower limit for high 7¢.
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