Observations of magnetic-fields
IN galaxies
&
confrontation with - - dynamo-models

Rainer Beck ( MPIfR Bonn)

&

Tigran Arshakian , Elly Berkhuijsen , Rene Giel3tibel , Uli Klein,
Marita Krause, Fatemeh Tabatabaei , Richard Wielebinski (Bonn)
Ralf-Jurgen Dettmar , Marek Wezgowiec (Bochum)

Volker Heesen (Hertfordshire)

Andrew Fletcher, Anvar Shukurov (Newcastle)

Chris Chyzy , Robert Drzazga , Marian Soida, Marek Urbanik (Krakow)
Dmitry Sokoloff (Moscow)

Peter Frick, Rodion Stepanov (Perm)

Michael Dumke (ESO)



Fundamental-guestions
on magnetic fields

A When and how = were the first fields - generated ?

A Did significant fields exist before galaxies formed - - ?
A How and how fast were fields amplified  In galaxies ?
A Did fields affect the  evolution of galaxies 2

A Is intergalactic space  magnetic ?

A Do magnetic monopoles  exist ?



Magnetic- field  generation ; and
amplification

A Stage 1 : Field-seeding

Primordial, Biermann battery, Weibel instability;
ejection by supernovae, stellar winds or jets

A Stage 2 : Field amplification
MRI, compressing flows, shearing flows,
turbulent flows, small  -scale (turbulent) dynamo

A Stage 3 : Coherent field ordering

Large -scale ( mean -field ) dynamo



Mean -field (large --scale) dynamo models
(see talks in Session 7)

Generation of ' large -scale coherent fields (modes)

Disks (galaxies):
Quadrupolar - fields of symmetric - - (even) parity (SO) are excited
most easily

Spherical objects (halos):
Dipolar fields of antisymmetric ~ (odd) parity (AO) are excited
most easily

Mixed parity fields are possible (see talk by David Moss)

High star -formation rate or a fast galactic wind can suppress the
dynamo



Problems-with:classical-mean: - - -field dynamos

A Detailed physics not included
A Amplification of large - -scale fieldis  slow (several 10 '8 years)

A Nofeedback: f i el d amplification needs
when energy equipartition  with turbulence is reached

A Helicity conservation in a closed system:
small -scale helicity suppresses dynamo action

Y Outflow needed

A Alpha effect assumed to be constant in time and space:
evolution of fields in young galaxies neglected



Total synchrotron emission:
Tracer of total magnetic fields



Total synchretron . intensity :
magnetic - energy density

(assuming: eguipartition - with cosmic rays)
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Magnetic energy density is similar Beck 2007
to that of turbulent gas motions
Cold clouds :
Viurp =7 km/s, T=50 K, h=100 pc
lonized gas:
T=10 * K, f,=0.05,h=1 kpc




Evidence no.1 for dynamo action:

Magnetic energy density
IS similar to that of
turbulent gas motions



