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Magnetic field structures & statistics:

unraveling the inner workings of magnetic dynamos
— outline —

Magnetic fields are ubiquitous in the Universe.

They control the transport of heat, momentum, cosmic rays, ... .
They are wittnesses of dynamical processes.

How to study magnetic fields observationally?

Which processes generate, amplify, & shape magnetic fields?
How can fields & processes be probed with Lofar, SKA, ... ?

e small-scale dynamo:

morphology — energy spectrum — tension force spectrum
e |large-scale dynamo:

large-scale topology — magnetic helicity — Faraday caustics



Small-scale dynamo

velocity field magnetic field

Sehekockitin @ C@/L/ (2007)



Small-scale dynamo

real magnetic field magnetic field

AR2E @ 1.4 Gy Clarke & Epll Sehekochitin @ Coalty (2007)



Small-scale dynamo

A26 @ 1.4 GHy: Clarke @ Egflin



Small-scale dynamo

magnetic turbulence in Hydra A cluster
Ey//;b @ 7{7& (20053 ), 1/75 @ E//m (2005,
E/z/éf @ Vigt (2006, Keclor @ g%& (2009)
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Small-scale dynamo
testing the field fluctuations: magnetic energy

MHD simulation Gaussian random field
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Waellons, Schekochiten, Enflin (2007



Small-scale dynamo
testing the field fluctuations: magnetic tension

MHD simulation Gaussian random field




Small-scale dynamo

magnetic tension
power spectra

MHD simulation Gaussian random field
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Large-scale dynamo

The Planck one-year all-sky suruey Eesa (c) ESA, HFT and LFI consortia, July 2010



Polarized radio sky
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Polarized radio sky
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Faraday sky
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Faraday sky - without profile




Faraday sky
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Faraday sky - without profile
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Faraday grid
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Magnetic helicity
LITMUS test using
Faraday & polarization




Optical caustics — Faraday caustics
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Magnetic field structures & statistics:

unraveling the inner workings of magnetic dynamos
Conclusions

How to study magnetic fields observationally?

Sensitive radio polarimetry with high spatial & spectral resolution.
Which processes generate, amplify, & shape magnetic fields?
Turbulence, shock waves, small- & large-scale dynamos.

How can fields & processes be probed with Lofar, SKA, ... ?
Statistical correlation functions of magnetic field and plasma probes.

e small-scale dynamo:

morphology — energy spectrum — tension force spectrum
e |large-scale dynamo:

large-scale topology — magnetic helicity — Faraday caustics





