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Why Polarization?

Radio continuum emission at cm wavelengths is almost always dominated by
synchrotron emission which is linearly polarized depending on magnetic field

structure.

Thermal free-free emission (unpolarized) is significant but not dominant in
galaxies.

Faraday rotation of the plane of polarization as a linearly polarized wave
travels through a magnetized plasma.

Median percentage polarization for extragalactic sources is ~ 2%. Polarization purity
well below 1% is quite valuable.

Circular polarization not considered here.
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Source parameter fitting? Source detection!

See RM Synthesis Challenge (Sun et al. in prep.), Round 2 in 2014

We need to divide out the Stokes | spectral dependence




RM Synthesis and Frequency Range
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See Brentjens & De Bruyn (2006) for details
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Better resolution in Faraday
depth is an argument for

lower frequency observations
(~300 MHz to 2 GHz)

Depolarization and sensitivity
to extended structure in ¢ are
arguments for higher-
frequency observations

(2 -4 GHz)



Galactic Foreground
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GALFACTS S1 region, Stokes U, 3’ resolution with Arecibo

Small-scale structure in polarization angle visible in NVSS Stokes Q and U images, sometimes
far from the Galactic plane (Rudnick & Brown 2009).

Zero-spacing data would need the same frequency coverage as VLA survey.



Declination (J2000)

Extragalactic Sources
A Case for Source Finding in P

Blending of polarized components is a driver for arcsec resolution.
Some evidence that higher degree of polarization is associated with extended emission

(e.g. Grant et al. 2010). Also need sensitivity on angular scales of tens of arcsec.
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Faraday Rotation is Sensitive to Otherwise Unobservable Plasma.

is Structure Nearly Everywhere
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High-latitude RM structure
Ho HI
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Censored RM catalogue on to op Ha (WHAM survey; left) and HI (LD survey; right)
Red: RM > +30 rad m2and A RM < 10 rad m™?

Blue: RM < -30 rad m? and A RM < 10 rad m™

Significant structure at high latitudes in North and South
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Expected Number of Polarized Sources
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Polarized intensity at 1.4 GHz

Curve: stacking NVSS polarized
intensity at 60” resolution from
Stil et al. ApJ submitted. Dotted:
extrapolation.

Symbols: GOODS-N at 1.6”
resolution from Rudnick &
Owen ApJ submitted.
Bracketed: extrapolation.

N(p>5 wly) = 3x10° to 1x10° sr?!



A Stacking Analysis of
the Free-Free Opacity of Spiral Galaxy Disks
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Free-Free absorption in spiral galaxies below 100 MHz occurs in relatively dense plasma that alse completely depolarizes background synchrotron ¢ nat GHz
frequencies. The free-free opacity of galax function of inclination thercfore allows us to determine the amount of depolarization by HII regions in models of
polarized synchrotron emission of galaxies. We present a stacking analysis of radio emission of spiral galaxies. using the NRAO VLA Sky Survey (NVSS at 1400
MHz). the Westerbork Northern SKky Survey (WENSS at 325 MHz) and the VLA Low-frequency SKy Survey (VLSS at 74 MHz). Usin,
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Conclusions

Surveys of linear polarization reveal magnetic field structure in
extragalactic sources and the Milky Way.

The Galactic foreground is nearly everywhere.

Polarization data products: images and a much more complicated
source catalog

Polarization is a driver for higher bandwidth, and a large range of
angular scales.



