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Radlo polarlmetry at Low Frequency (LF)
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Radio Polarimetry at low frequency (LF) @ LOFAR

ASTRON



Radio polarimetry at LF: the LOFAR case @ LOFAR

ASTRON




Polarimetry at LF & the LOFAR case @ LOFAR

ASTRON

Because the digital beam
is small compared to the
element beam, the
polarization response
does not vary significantly  [_-G_._
across a station beam. U

300 /

The beam is polarization
dependent.




Polarimetry at low frequency & the @ LOFAR

LOFAR case ASTRON




Polarimetry at low frequency & the @ LOFAR
LOFAR case ASTRON

Scintillation
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Polarimetry at low frequency & the @ LOFAR

LOFAR case ASTRON

Polarization angle change for a [RM| = 2.0 rad/m?

0 LOFAR

Faraday Rotation

Frequency [MHZz]



Polarimetry at low frequency & the @ LOFAR

LOFAR case ASTRON




@ LOFAR

ASTRON
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Polarized EM waves: a vector nature @ LOFAR
ASTRON

= Polarization

AER

) Electric field
Magnetic field ‘

' The electric field is perpendicular
to the magnetic field.

& Y |
Direction of travel




Polarized EM waves: a vector nature @ LOFAR
ASTRON

= Polarization

Linear C"CUF'?O’IS:?E;;O ':a"d) Elliptical (Right Hand)
Polarization Polarization
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Polarized EM waves: a vector nature @ LOFAR
ASTRON

Polarization ellipse in Cartesian base Polarization ellipse in Circular base

E, [a.u.]
E,[a.u.]




Stokes parameters: a set of values @ LOFAR

to describe the polarization state ASTRON

The Stokes parameters = an alternative description of the polarization state

experimentally convenient because each parameter corresponds to a sum or
difference of measurable intensities.

Polarization states:

1. Elliptical (general case)

2. Linear (degenerate case of 1.)
3. circular (degenerate case of 1.)

>
>



Stokes parameters: IAU convention @ LOFAR

ASTRON

North

East
West

South



Stokes parameters: a set of values @ LOFAR

to describe the polarization state ASTRON

The Stokes parameters = an alternative description of the polarization state
experimentally convenient because each parameter corresponds to a sum or
difference of measurable intensities.

[ = total intensity, (Q,U)=> linear polarization, V= circular polarization

¥ = ; arctan(U, Q)




Radio polarimetry in practice: @ LOFAR

Stokes visibilities vs sky images ASTRON

Ex =Re(AX62nivt) Ey =Re(Ay82nivt eiéxy)




Radio polarimetry in practice: @ LOFAR

Stokes visibilities vs sky images ASTRON

Er =Re(AreZ|'|ivt) El =Re(A/e2nivt ei6r|)




Radio polarimetry in practice: @ LOFAR
Stokes visibilities & correlators I ASTRON

X1(r:)-y:(l;)

X5(r2)-y2(3)
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Radio polarimetry in practice: @ LOFAR
Stokes visibilities & correlators II ASTRON

2 S | X 5 X
PLd P45 P45 P 4>

Signal editing by linear operators: Jones matrix and coherence matrix

B, — (pz-p;f,pz-q;-‘)

9P, 9:4;




Radio polarimetry: signal editing & @ LOFAR
Jones matrices I ASTRON

the measurement equation




Radio polarimetry: signal editing & @ LOFAR

Jones matrices II ASTRON

3 cos 0 -sin 6
sin 0 cos 6
Choose the
proper base!

e-l-i@ 0
1= (5 o)




Radio polarimetry: Faraday rotation @ LOFAR
ASTRON
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Radio polarimetry: Faraday rotation @ LOFAR
& Stokes Q,U parameters ASTRON

Stokes Q(blue),U(red) for a |RM| = 2.00 rad/m? %t%es Q,U and P for a faraday rotating screen with |RM| = 2.00 rad/m?
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Radio polarimetry: Faraday rotation @ LOFAR
& Stokes parameters ASTRON

Bandwidth depolarization as a function of frequency (100 rad m?)
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Radio polarimetry: Ionospheric @ LOFAR

Faraday rotation ASTRON

Total Electron Content (TEC) Typically daily variations up to £5 rad m—2
18-Mar-2010 12:00:00 UT . .
If not corrected, variations cause
depolarization when combining data from
long day/night runs.

Typical accuracies are of the order of 0.2
rad m—2, which is good enough for the
HBA but not for the LBA.

lonospheric Range Error/ m
1.6 2.4 3.2

10 15 20
TEC/TECU




Radio polarimetry: Ionospheric @ LOFAR

differential Faraday rotation ASTRON

Total Electron Content (TEC) Stations apart >10 km see different
18-Mar-2010 12:00:00 UT . . .
ionosphere, i.e. different amounts of
ionospheric Faraday rotation.

During cross correlation Stokes I
leakages into Stokes V and viceversa.

For LOFAR, differential Faraday rotation
becomes important at baselines of only

lonospheric Range Error/ m

16 24 82 | M a few tens of km in the LBA and

S at the longer in the HBA.



Radio polarimetry: Faraday rotation @ LOFAR
Measure synthesis ASTRON
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P(A2) = W(\?) / F(6)e%i¥ dg
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3 instrumental parameters fix
the output of RM synthesis




Radio polarimetry: Faraday rotation
Measure synthesis

Line of sight 1 Line of sight 2 Line of sight 3

NA
0 0

Line of sight 5 Line of sight 6

Declination (J2000

Line of sight 8

3h30™ 3hoo™ ;
Right Ascension (J2000) Faraday depth 4 rad m-?]




