GMRT/JVLA Deep Polarization Fields *

Largest dish arrays in the world upgraded with wide-band correlators
(SKA1 Full-Stokes Degp Field Pathfinders)
; '

GMRT software correlator

230 hours of observing 2011/12
« 0.61 GHz _
* 32 MHz bandwtdth

JVLA Canadian WIDAR correlator
« 90 hours observing 2011/14
 4-6 GHz
« 60 hours B & C configuration
« 30 hours A configuration (in process)
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Why full Stokes? i S A

Radio Polarization probes rr'\agneti.c fields
Polarization-of Synchrotron Radiation

.
« presence of field

«ydirection of field

« strength of field

 uniformity and spatial
scales of field '

AstronomyOnline.org



Why full Stokes? ; e |

Radio Polarization probes magnetlc ﬁelds
Faraday Rotation

» Propagation through diffuse plasma
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Some core questions in cosmic magnetism

* Magnetism and galaxy evolution
— When and how'did coherent magnetic fields emerge in galaxies?

— What is the)'r relationship to and role in the star formation histo
. of the universe?

— Role in global energetics and interactions‘yvith intergalactic
environment :

* Detection and characterization of the magnetic cosmic we
— Can it be detected?
— How did it arise?

— What are its properties and how does it relate to large scale
structure of matter?

Both require polarization observations of pJy radio sources



Declination (J2000)

Effelsberg polarisation survey of local disk galaxies
Stil, Mitchell, Krause, Beck, & Taylor (2009)

UGC 4132: Milky Way size galaxy at 71 Mpc

UGC4132-DSSZblue fits overlaid with UGC4132-FIRST fits
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Declination (J2000)

Effelsberg polarisation survey of disk local galaxies
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Integrated Polarization of Nearby Disk Galaxies
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Integrated Fractional Polarization and Radio Luminosity

* Highly ordered large-scale
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Statistical Integrated Polarization of Galaxies
versus Frequency

Simulation (20,000 random orientation disk galaxies)

4.8 GHz 1.4 GHz
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Magnetism and Galaxy Evolution =~ -
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GMRT uItra deep Polarization Field
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Spitzer Extragalactic Representative Volume Survey (Mauduit et al. 2012, PASP, 124, 714)



612 MHz mosaic image
1.3 sq. degrees
2800 sources
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Stokes | P(D)

Histogram of data values: rms = 10.30, mean = -0.77 uJy

rms =10.3 Wy

(5.2udy @ 1.4 GHz)

Histogram of data values: rms = 10.30, mean = -0.77 puJy
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S¥/2 dN/dS

Garn et al. (2008)
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S¥2 dN/dS

curves Massardi et al. (2010)

Garn et al. (2008)
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S¥2 dN/dS

10° |

curves Massardi et al. (2010)
@®  Garnetal. (2008)
®  This work

AGN
Star Forming Galaxies

— Normal Galaxies

Proto-spheriodal Galaxies
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WISE W1-W?2 colour classification
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SERVS-radio colours
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Stokes Q P(D)

Histogram of data values: rms = 7.28, mean = 0.00 pJy

rms = 7.28 pJy
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Polarized Intensity P(D)

0.09 Histogram of data values: rms = 7.12, mean = 9.25 uJy Histogram of data values: rms = 7.28uJy, mean = 9.20 uJy
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Fractional Polarization (%)
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Polarization Stacking in Stokes | flux density
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EVLA ultra-Deep Polarization Field

' Background central region of 0.61 GHz GMRT image



5 GHz EVLA (rms noise 1 ’mi‘cron,' 2:0°% résolutiOn) :
I ——
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Amplitude distribution in Stokes | (mfs)

Red curve: Gaussian with 0 = 1.164 uJy
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5 GHz Source Counts Stokes |

483 source detected (SAD) (~4500 per sq deg)

e Prandoni et al. (2006)

e Fomalont et al. (1991)
— Willman et al. (2008)
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-5 GHz flux density of an L* galaxy
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EVLA 5 GHz Polarized Intensity (RM= 0)
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Polarized source counts

Theoretical curves
* Red (total counts)

» Green (FR Il radio galaxies)
* Yellow (FR | radio galaxies) 102}

* Blue (normal galaxies)

dN/dS

g3/2

101 F

T

T

T T T T T

— Willman et al. (2008) total intensity counts
@® This work polarized counts

10° 10°
Flux Density (m]y)

102




Image Pixel Amplitude distributions

Stokes Q Polarized Intensity

Histogram of all data image: rms = 1.050, mean = 0.0000 pJy

Histogram of Pave.flat.fits: rms = 1.05 pujy
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ultra-deep wide-band (sub-microly) polarization surveys...

« 3rd Generation calibration algorithms need
to be implemented and pipelined

* Pointing self-calibration

* Direction dependent corrections (A-
term)

* Wide-band polarization imaging
(multi-frequency synthesis and RM
synthesis)

* Simultaneous w-term, A-term and
mosaicing




GMRT Primary Beams
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T main lobe ellipticity typically a few %

Region || Gauss.fit

average_beam_9.fits

Coordinates Region tools Misc. ‘Colormap “Histogram |8 Movie player | Fit 1/4 1/2 1x 2x 3x 4x 8x 12x 16x

2D gaussian fit (frame 1)

Number of gaussians to fit:

@ Layouts

isNull: false Basic
Status: Complete 1 .
Rms: 0.0903685 il
ChiSq: 2.441775 Polarization
Const. term: 0.125046
Gaussian #1:

Peak: 3.26472

Center: 13.106 , 12.926 pix

All

Size: 5.067 x 4.846 pix
Angle: -85.145°

Hold down SHIFT to pan/zoom

2D gauss. fit

0.0692956 Cursor is not frozen.
Toggle with space bar.

value:
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