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The PdBI uses dual polarization receivers

Pol 1 Pol 0

Twisted horn

Straight horn
A.L. Fontana

Two orthogonal linear polarizations: horizontal + vertical w.r.t. the antenna frame



Polarization basics

Elliptical Circular
1Y 1Y

Wave propagates in z direction



4 Stokes parameters for a full description

I = (E2) + (E2).
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U=2(E,FE, cosd),

V = 2(E,E, sin6). V =

o is the phase difference between Ex and Ey



Three extreme examples
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Note: Q < U via rotation of the coordinate system



Total intensity

I = (E2) + (E?),
Q = (E2) — (E?),
U=2(E,E,cos0),

V = 2<Eff:Ey sin 6)



Linear polarization

I = (%) +(E2).

Q= (E2) — (E2), e

U=2(E,E,cos?), 1

Y = 5 arctan —

e

V =2(E,FE,sind).
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Circular polarization

I = (E%) + (EY).
U=2(E,FE,cosd),

V =2(E,FE,sind).
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Polarimetry is limited by the correlator wiring

For each baseline only HH and VV are correlated =» only Stokes /, Q, U are accessible



Observations are sensitive to polarization
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=» Linear polarization of calibration quasars becomes important



Quasars are complex sources
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Quasars are very active sources

3C454.3
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Good for calibration? Yes — on timescales of hours



Quasars could be highly polarized

Sources with powerlaw spectra Y ,, o¢ V™ ¢

have electron energy powerlaw spectra with indices I'=2x + 1

resulting in a degree of linear polarization — I'+1
(for optically thin, homogeneous sources) R /3

=» Polarizations of ~60% can be expected

=» Polarization monitoring is necessary

with x~0 ... +1



We must quantify the impact of polarization
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Non-recognized calibrator polarization can add systematic errors to the data



Each PdBI observation collects polarization
information on calibration quasars
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Exploiting the properties of polarization
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Earth rotation polarimetry =» linear polarization
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Earth rotation polarimetry =» linear polarization
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h: hour angle
y: parallactic angle

q(y) = mcos[2(y—x)]

m: polarization fraction
¥: polarization angle



We test the quasar polarization for each track

alli=gl

|.-- Standard calibration package for NGR

HELF

pHeaR |BRF| PHAsE| FLux| AHPL. | PRINT|

______________________________________________________ Use previous settings T 7 Yes
Atmospheric phase correction is applied according to
the PHCOR evaluation File name | 02-may-2009-s0d7,hpkt _IFilE
After S5ELECT you can disable it with: let do_atm no
Phases are Degrees Continuous 108

3

oo

ogdr@iralx0:~/trippe/other

SELECT| ALTOFLA

File Edit View Terminal Tabs Help

First and last scan | O 10000

The minimum guality required for data selection is
AVERAGE. After SELECT you can change it with: RECEIVER BAMD = 1
let min_qual "quality flag"

If no phase calibrator is found to be polarized, average
polarization mode is not selected for amplitude calibration
You can change it with: let do_avpol yes

You can decide on the way to calibrate the phases and amplitudes
of the FLUX and RF calibrators by introducing their names in the
variable PHCAL, after SELECT (e.g. with 'let phcal "*"'")

This is important if the phases of the data obtained with H and V
receivers are different (see last plots of the "FirstLook" report) —

Decisive CLIC variable: “do_avpol”



A negative test result
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Projec: I
Observed on 20-5EP-2010 Configuration 5Dq
(N11WO08WO0sNO0TLE0S)

Automatic calibration report by CLIC @ x_calib

Sran renge

Use phase correction:
Mimdmum gualsty-

Auto. flag procedure:

WV R interference check:

September 20, 2010

01 e 10000
YHES (22GHz)
AVERAGH
YHES (0 scans)

YHS (0 267 means)

Averaged polarization mode
for amplitude ealihrafion:

RIS

1 Summary
1.1 <Calibrators
ITame

0923+392
3C8d
1146+E596

1.2 EHiciencies

Bl (Ty) @114.1 GH=

431 Computed
1070 Fired
0.15 Computed

Antenna 1 (A1)
Antenna 2 (A2)
Antenna 3 (A3)
Antenna 4 (Ad)
Antenna 5 [AB)

1.3 Observed Source(s)

254
237
247
234
244

Iv/K
Ty/K
Tv/IK
Iv/K
Tv/IK

Necerver 1
Bandpass: HExeallent
Phase: Good
Seeing HOR: 147"
Seeing VER: 146"
Amplitude: Good
Cahbraticn
HE
phase /amp
(0.93)
(0.99)
(0.93)
(1.01)
{0.97)

- cbosrved for Hour Angls —74 t» —3.2




2 calibrations for 2 polarizations
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A positive test result
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Project NG
Observed on 19-SEP-2010 Configuration 5Dq
(N11W0BWOENOTED3)

Automatic calibration report by CLIC @ x_calib

September 19, 2010

Scan range: 0 to 10000 Tecerver 1
Use phase correction: YES (22GHz)

Minimum gquality: AVERAGE Bandpass: Excellent
Auto. flog procedure: YHS (0 seans) Phase: Hxcellent
WVR interference check:  YES ( 0 in 295 scans) Seeing HOR: 0.96"
Averaged polarization mode Seeing VER: 096"

for amplitude calibration: YEHS Amplitude: Bxcellent

1 Summary

1.1 Calibrators

Hame Flux (Jv) @ 90.2 GHz Calibraticn

MW 2349 113 Fized {model = 1.15)

1749+096 272 Computed

1418+5486 0.69 Computed phase/amp {detected polarization)
3C454.3 33.95  Computed RF

1.2 EHciencies

Antenna 1 (Al) 250 Jy/K  (0.87)
Antenna 2 (A2) 247 JIy/K (0.88)
Antenna 3 (A3) 237 JIy/K  (0.92)
Antenna 4 (Ad) 248 Jy/K  (0.88)
Antenna 5 (A5) 260 Jy/K  (0.84)

1.3 Observed Source(s)

_ cbserved for Hour Angles 2.7 to 6.7



1 calibration for I=H+ V
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Statistical accuracies are very good

degree of polarization

total: 316 T
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polarization angle

total: 316
M= 1.24 deg
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We see polarization (almost) everywhere

per target

total: 73
u = 3.97%
¥/dof = 1.51 |

11111

all measurements one value
T T ' I T T T T I T T T T I T ' T T o T T T T I T
o
total: 316
Jf u = 4.07% |
jz X3/dof = 3.20
T T
N
\\mm ErE
5 10 15 20 10
m; [%] m; [%]

316 out of 441 measurements (73 out of 86 QSOs) detect polarization




We see polarization (almost) everywhere
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Different source types are slightly different

1 1 | ) | | Ll ) I I 1 I I ) I 1 |
QT 3.4% Seyfert
6.5°% m Bllac
4.5% 0 QS0/?
Lg | _]
(errors ~0.5%) 1
= o | _
—
]D - —
_ Trippe+ (2010) |
- S Il
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my [%]

No dichotomy radio loud vs. radio quiet =» similar emission region properties



PdBl, present day:
Only parallel-hand correlations
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PdBI, 2010/2011:
Also cross-polarization correlations
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PdBI, 2010/2011:
Also cross-polarization correlations

6 antennas =» 8 configurations for one full cycle
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The goal: polarimetric mapping
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Summary

The PdBI uses dual linear polarization receivers = observations are sensitive to
source and calibrator polarization

Only parallel-hand polarizations correlated - Earth rotation polarimetry
Check calibrator polarization for each track in order to prevent systematic errors
AGN monitoring finds that most sources are polarized with m~ 1 —19%

PdBI prepared for full Stokes polarimetry = polarimetric mapping



