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MMaaggnn eett ii cc ffii ee ll dd ss ttrruu cc ttuu rreess && ss ttaa tt ii ss tt ii cc ss ::
unravel ing the inner workings of magnetic dynamos

– outl ine –

Magnetic fields are ubiquitous in the Universe.
They control the transport of heat, momentum, cosmic rays, … .
They are wittnesses of dynamical processes.

HH oow to study magnetic fields observational ly?

WWhh ii cchh pprroocceess sseess ggeenn eerraa ttee ,, aammpp ll ii ffyy ,, && sshh aappee mmaaggnn eett ii cc ffii ee ll dd ss?

HH ooww ccaan fields & processes be probed with Lofar, SKA, … ?

•• ssmmaa ll ll -- ss ccaa ll ee ddyynn aammoo ::
morphology – energy spectrum – tension force spectrum

•• ll aa rrggee-- ssccaa ll ee ddyynn aammoo ::
large-scale topology – magnetic hel ici ty – Faraday caustics



velocity field magnetic field

Smal l -scale dynamo

Schekochihin &Cowley (2007)



real magnetic field magnetic field

Smal l -scale dynamo

Schekochihin &Cowley (2007)A2256 @ 1.4 GHz,: Clarke & Enßlin
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Smal l -scale dynamo
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Smal l -scale dynamo
magnetic turbulence in Hydra A cluster

Enßlin & Vogt (2003), Vogt & Enßlin (2005) ,

Enßlin & Vogt (2006), Kuchar & Enßlin (2009)



Smal l -scale dynamo
testing the field fluctuations: magnetic energy

MHD simulation Gaussian random field

Waelkens, Schekochihin, Enßlin (2007)Waelkens, Schekochihin, Enßlin (2007)Waelkens, Schekochihin, Enßlin (2007)



Smal l -scale dynamo
testing the field fluctuations: magnetic tension

MHD simulation Gaussian random field

Waelkens, Schekochihin, Enßlin (2007)



Smal l -scale dynamo
testing the field fluctuations: magnetic tension

power spectra
MHD simulation Gaussian random field

magnetic tension spectrum

reconstructed from synchrotron

polarization correlations

Waelkens, Schekochihin, Enßlin (2007)



Large-scale dynamo



Polarized radio sky

22 GHz: WMAP team



Polarized radio sky

1.4 GHz: Reich & Wolleben



Faraday grid
extragalactic radio sources

mostly from NVSS
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Faraday sky - without profi le

Oppermann et al. (in prep.)
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Faraday sky - without profi le

Oppermann et al. (in prep.)
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Faraday sky - power spectrum

Oppermann et al. (in prep.)

Cl ∝ l−2.25



Faraday grid



Magnetic hel ici ty
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perpendicular field component

from synchrotron polarization

parallel field component

from Faraday rotation

helicity is a 3-d structure

Junklewitz &Enßlin (2011)

Oppermann et al. (2011)



Magnetic hel ici ty
LITMUS test using

Faraday & polarization



Optical caustics – Faraday caustics
Optical caustics:

foldings in mapping from surface to bottom

Faraday caustic:

foldings in mapping from real to Faraday space

– sheets separating domains of magnetic polarity

Bell et al. (in press)



MMaaggnn eett ii cc ffii ee ll dd ss ttrruu cc ttuu rreess && ss ttaa tt ii ss tt ii cc ss ::
unravel ing the inner workings of magnetic dynamos

CCoonn cc ll uu ss ii oonn ss

HHoow to study magnetic fields observational ly?
Sensi tive radio polarimetry with high spatial & spectral resolution.

WWhh ii cchh pprroocceess sseess ggeenn eerraa ttee ,, aammpp ll ii ffyy ,, && sshh aappee mmaaggnn eett ii cc ffii ee ll dd ss?
Turbulence, shock waves, smal l - & large-scale dynamos.

HH ooww ccaan fields & processes be probed with Lofar, SKA, … ?
Statistical correlation functions of magnetic field and plasma probes.

•• ssmmaa ll ll -- ss ccaa ll ee ddyynn aammoo ::
morphology – energy spectrum – tension force spectrum

•• ll aa rrggee-- ssccaa ll ee ddyynn aammoo ::
large-scale topology – magnetic hel ici ty – Faraday caustics




