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Introduction

induction equation:

plasma currents dynamo effect

magnetohydrodynamics MHD

mean and fluctuating fields:

mean electromotive force (emf):

coupling with the mean field:

induction



Introduction

magnetic helicity density:

helically driven dynamo

production of magnetic helicity

current helicity

works against dynamo:

Sun: galaxies:



Realizability condition:

Magnetic energy is bound from 
below by magnetic helicity.

Topological Interpretation

trefoil knot

twisted field

magnetic helicity 
conservation



compressible isothermal fluid

Topological Interpretation

periodic boundary conditions
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Topological Interpretation

Magnetic energy decay

Entangled fields are indistinguishable from 
non-entangled if the magnetic helicity is zero. 

Magnetic helicity alone determines the 
field decay, not the actual linking.



Topology Outlook

9-foil knot Borromean ringsIUCAA* logo
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valid?



Dynamical alpha quenching

1d mean-field

vertical field
(open boundaries)

perfect conductor
(closed boundaries)

symmetric field

antisymmetric field

helical driving mechanism by

increasing upward 
wind

Fickian diffusion



Dynamical alpha quenching

symmetric

wind

antisymmetric

open boundary closed boundary
VS.



Gauge Issues

● resistive gauge
● pseudo-Lorenz gauge
● Weyl gauge

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

Its importance for dynamos is saved.

Gauge transformation:

● helical forcing analog. MF
● periodic boundaries
● 128X128x256 box



induction equation:

uncurl

resistive gauge

advecto-resistive gauge

measure helicity transport

spatial distribution of the magnetic helicity

Advective gauge



But: Simulations are unstable.

resistive gauge

gauge transformation

evolve Λ

Advective gauge



passive scalar:

In the kinematic regime
behaves like a passive scalar.

has strong high-k tail

efficient turbulent cascade in 
the advecto-resistive gauge

Advective gauge



● Magnetic helicity fluxes can alleviate catastrophic alpha 
quenching.

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

● Time averaged magnetic helicity fluxes are independent of the 
gauge.

● The advecto-resistive gauge efficiently makes magnetic helicity 
cascade to higher wave numbers.

● In the advecto-resistive gauge magnetic helicity behaves like a 
passive scalar in the kinematic regime and for high         .

Conclusions

● Magnetic helicity is the dominant quantity.

● No need (yet) for higher topological invariants.

RC
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