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Introduction

11 year cycle
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plasma j currents ﬁ iInduction ﬁ dynamo effect

mean and fluctuating fields: B =B + b
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mean electromotive force (emf): €
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coupling with the mean field: £ = aB — itV X B



Introduction

= QK + OM

ag = —Tw-u/3 N = Tj-—b/(?)ﬁ)

magnetic helicity density: hy = A - B

helically driven dynamo 7, . — 5=

current helicity@EC’f =j-b

production of magnetic helicity 7, . — 3 b >_K. B
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a- b works against dynamo: Ey < 1/Rem Rey = —
n
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Sun: Rey = 107 galaxies: Rey = 1




Topological Interpretation &
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Realizability condition:
) > (K20

ﬁ Magnetic energy is bound from
below by magnetic helicity.

_ .. Rey —
magnetic helicity
conservation dHy 0
dt
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twisted field
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trefoil knot



Topological Interpretation

compressible isothermal fluid

periodic boundary conditions , dHwm ~ 0




Topological Interpretation

t = 4T T = /iopo Ry /¢
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Topological Interpretation




Topological Interpretation

Magnetic energy decay k=4
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Magnetic helicity alone determines the
field decay, not the actual linking.

Entangled fields are indistinguishable from

non-entangled if the magnetic helicity is zero.
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Topology Outlook S

9-foil knot IUCAA* logo Borromean rings

/A-B dV = 2a¢¢
Y 4

valid?

*Inter-University Centre for Astronomy and Astrophysics, Pune, India C‘é\j?)



Dynamical alpha quenching '
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> helical driving mechanism by axk




Dynamical alpha quenching '

open boundary VS closed boundary

symmetric antisymmetric
wind




Gauge transformation: A — A + VA

Hm—>Hm+]AB-dS
o 0.0[%, ™ T T R
I @@@ resistive gauge ® ]
e resistive gauge .7 |, .o--o Lorenz gauge °
e pseudo-Lorenz gauge = °°l L o oo Weylgauge S ]
» Weyl gauge N g N
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* helical forcing analog. MF < : %& f
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> Time averaged magnetic helicity

fluxes do not depend on the gauge.

. . v~
lts importance for dynamos is saved. 1@5
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iInduction equation:
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> x (U x B —nJ)
resistive gauge
OAT

= U x B+ nV?A"?

ot B
advecto-resistive gauge

aAar

o =UxB-nJ—-V(U-A* —nV - A*)

@ measure helicity transport

@ spatial distribution of the magnetic helicity




But: Simulations are unstable. %

resistive gauge a;?r —UxB+ nV2 Al
t
gauge transformation Aar — AT 1 YA
evolve A DA
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DC

R v
o7 = kV<C

passive scalar:

In the kinematic regime h™"
behaves like a passive scalar.

h®" has strong high-k tail

: 1

efficient turbulent cascade in
the advecto-resistive gauge




« Magnetic helicity is the dominant quantity.

* No need (yet) for higher topological invariants.

» Magnetic helicity fluxes can alleviate catastrophic alpha
quenching.

o Diffusive fluxes within the domain can also alleviate
catastrophic quenching.
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