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Magnetic Fields in Star Forming Galaxies

O Large scale magnetic field (10 kpc)

J Small scale structure associated
with ISM turbulence

O Coupling between large and small
scales (stellar feedback, dynamo,
star formation, ...)

DECLINATION (J2000)

1 Halo magnetic field

Observations:

» Diffuse polarized synchrotron emission

» Faraday rotation of background sources
and diffuse emission

» Zeeman splitting

» Dust polarization (extinction/emission)
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RIGHT ASCENSION (J2000)
Peak contour flux = 5.5283E-04 JY/BEAM

Levs = 6.000E-05 * (1, 2, 3, 4, 6, 8, 12)
Pol line 1 arcsec = 8.3333E-06 JY/BEAM

NGC 6946 Beck (2007)



Faraday Rotation
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Faraday Rotation in the (local) ISM

RM from Taylor et al. (2009) on Ha intensity (Finkbeiner2003) and
diffuse polarization (Wolleben et al. 2006)



|IRM| > 25 rad m~centered on [ = 180°

HI 21-cm line
Vg = - 65 kms?

O = 0.812/neB|dl rad m™?

How to interpret the data without model of electron density n, ?

Galactic Longitude




Galactic Latitude

Magnetic Field In An
Intermediate-Velocity lonized
Filament With Nearby Cloud

Stil & Hryhoriw (2016)
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See also Planck foreground paper arXiv 1506.0660v1
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RM data from Taylor, Stil & Sunstrum (2009)



Magnetic Field Strength

Indirect estimate of dispersion measure from emission measure using
relation derived by Berkhuijsen et al. (2006) for pulsars.
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Declination (12000}

A low-plasma-p3 filament

Lower limit to the density-weighted Alfven velocity using Faraday depth ¢ and
emission measure EM (Stil & Hryhoriw 2016):
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Turbulent Properties Measured With
Structure Functions

Da(0) = 3 3 I6(ai +0) — ()"

Fit Power law to D, (0) for different orders n, and plot slope versus order.

Intermittency of ISM turbulence from MHD simulations by Falgarone et al. (2015):
\f.ltj.'):(.\ Fweld

Velocity

Kolmogorov (1941)
Self-similar model
gives straight line.

Red/green:
She-Leveque (1994)

Slope




Turbulent Properties Measured With
) e Functions
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ders n, and plot slope versus order.

Location

VIHD simulations by Falgarone et al. (2015):
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Declimation (J2000)

Declination (J2000)

Synchrotron halo around the filament

GALFACTS data
First reported in Planck foreground paper arXiv 1506.0660v1, highly polarized.
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Declimation (J2000)

Deciimation (J2000)

Faraday rotation of diffuse emission (GALFACTS)
Red: ¢ >0, blue: ¢ <0

Polarizediiftensity

Right Ascenxion (J2000)




Declimation (J2000)

Deciimation (J2000)
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Faraday rotation of diffuse emission (GALFACTS)
Red: ¢ >0, blue: ¢ <0
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Declimation (J2000)

Deciimation (J2000)
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Faraday rotation of diffuse emission (GALFACTS)
Red: ¢ >0, blue: ¢ <0

Right Ascenxion (J2000)




Conclusions

Faraday rotation by intermediate-velocity gas provides an
interesting perspective on stellar feedback and dynamo
physics on small scales

Rotation measure and emission measure can be combined to
find a lower limit to the Alfven speed
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A long IV filament is found to have a low plasma f3

Structure functions (0.2° — 2°scale) show topology of RM
fluctuations (turbulence?) is different in the filament and the
surrounding synchrotron emission.



What can we derive directly from
Rotation Measure and Emission Measure?
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