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Origin and evolution of cosmic magnetic fields is a 
key science goal for the SKA
Rotation measures of polarized background sources

Polarized synchrotron emission
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37542 rotation measures from the NVSS on ROSAT 0.25 keV diffuse emission
Taylor, Stil, & Sunstrum 2009 ApJ submitted; Stil, Taylor & Sunstrum in prep.



Five windows in the sky δ > -40o with |RM| < 1 rad m-2 radius > 5 degrees
Galactic Longitude
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Number of galaxies in the UGC with solid
angle > Ω (out to twice the optical radius)
Dashed: UGC spirals
Solid: all UGC galaxies

Somewhat lower numbers than 
Stepanov et al. (2008)

5000 RMs
per square deg.
20 RMs/galaxy

15000 RMs
per square deg.
20 RMs/galaxy



NGC 6946 (Beck et al. 2007) M51  (Fletcher et al. 2004)

To do this at z=0.5 (S1.4 = 0.01 mJy) with 2 kpc resolution
requires sensitivity ~2 nJy/beam at 0.3” resolution!

Typical resolution 10” or 200 pc



Stil, Krause, Beck & Taylor 2009 ApJ arXiv:0810.2303
Integrated polarization of nearby spiral galaxies at 4.8 GHz

4.8 GHz

Beam

UGC 4132  at 74 Mpc
Effelsberg 4.8 GHz



4.8 GHz 1.4 GHz

Variation of model parameters; No noise included
Statistics of Brand/Breg from 4.8 GHz, inclination < 50o

Simulation



Highly ordered large-scale
magnetic fields restricted to 
galaxies with a low radio 
luminosity (L < L*).

No correlation with optical 
luminosity

Relation to star formation rate

Future: larger samples at 
4.8 GHz and 
1.4 GHz  (GALFACTS)

Stil, Krause, Beck, & Taylor (2009) ApJ



Polarized intensity contours (red) on Stokes I



5σ detection in polarization
at sensitivity  
10 nJy/beam  DR=2x106

if 1% polarized

Model source counts in (c) from
SKADS S3 simulation
Wilman et al. (2008)



AGN rotation measures at North
Galactic Pole

RM synthesis of model unresolved
spiral galaxy

Below 100 μJy total flux density:
High-Rotation Measure Universe
Need ~ MHz frequency channels 
over GHz bandwidth



Most sources are a factor 30 – 100 fainter in 
polarization            lower dynamic range 
requirements  (Few 106)  than for Stokes I
Polarization purity: minimal -25 dB for reliable 
detection of 1% polarization
Imaging per channel 

MFS does not work for polarization
BLCAL works on I (talk by George Moellenbrock) 

Polarization-consistent automated data editing



Polarization calibration of off-axis beams
Can we calibrate all beams sampled by the FPA? 
Field rotation and instrumental polarization increase 
with distance from the axis. Test with 
EVLA/ASKAP/simulated data
Field rotation and side lobes require time-dependent 
polarization calibration
Stability of beam forming 

Discarding (far) off-axis beams implies lower 
SSFoM for polarization than for 
continuum/HI and different observing 
schedule



Consistently accurate band pass correction 
(stability, calibration)

Rotation measures for sources with polarized signal < 
noise per channel from RM synthesis

High dynamic range in crowded field
Stokes V: weak signals (transient?) require highest 
sensitivity

high-latitude sources such as late type stars, AGN
Ionospheric model, frequency-dependent image 
errors ~ noise level affect RM synthesis



NVSS total intensity NVSS polarized intensity 

Concern for RM extraction because synthesized beam varies by factor ~2 over 
observed frequency range



Evolution of cosmic magnetic fields defines 
significant challenges for wide-field broad-
band imaging in all Stokes parameters
Some imaging solutions may work for Stokes I, 
but not for polarization
Will the Field of View in polarization be as 
large as in Stokes I? Survey speed!
The rewards will be big!
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