Polarization, Faraday rotation,
and the ionosphere

Niels Oppermann
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The GBT intensity mapping survey

100 m diameter, unblocked aperture

Beam FWHM ~ 0.3 deg. at 800 MHz

Celestial
Pole

Scans 'position switched’, all azimuth to
control ground spill.

v = 700 MHz - 900 MHz

z=06-1.0 all these pictures stolen from Kiyo



Synchrotron radiation

for ncre(E) o< E77:
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Why is polarization interesting?

» Learn about B-fields
» Learn about various constituents of the ISM

» May leak into total intensity



Parallactic rotation

Rotate the telescope w.r.t. the sky by an angle 0
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Faraday rotation

dp « Ane B, dr

0
= 50<A2/ (14 2)"2 n, B, dr



Faraday rotation

0
Faraday depth: ¢ o (1+2)2 n, B, dr

I'source

B =¢N?



Faraday rotation

if B-fields in front of emission:
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Faraday rotation

if B-fields in front of emission:

A

dA?

dp
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if B-fields and emission mixed:
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Use Q(\), U(Y), 1(3),
RM synthesis,. . .

_



8,

U

15

1.0
0.5

Do

3.0
25

15
1.0
0.5

0.0,

a

U

15

1.0
0.5

-2

w

-3

Do

3.0
25

15
1.0
0.5

0.0,




15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

-2

Pal=]

3.0
25

1.0
0.5

0.0,




15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



Pal=]

15 15
210 & 10
05 05
007 -3 -2 -1 1 2 3 4 00
3 3
2 2r
1 1r
0 0
1 -1
-2 =2r
-3 -3
. 0 .
Q
3.0 3.0
25 25
20 2.0
15 15
10 1.0
05 05
0.0, 0.0




15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,




15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,




15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



15
& 10
0.5

=2

-3

oo

3.0
25

1.0
0.5

0.0,

15

& 1.0
0.5

-2

w

-2t

-3

Pal=]

3.0
25

1.0
0.5

0.0,



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

-2

-2

-2




2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2

10



2.0

& 10
0.5

0.0

-2

-2

-2

10



2.0

& 10
0.5

0.0

~a

=2

-2




2.0

& 10
0.5

0.0

~a

=2

-2

10



Faraday rotation

if B-fields in front of emission:
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if B-fields and emission mixed:
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Use Q(\), U(Y), 1(3),
RM synthesis,. . .
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Faraday rotation

GBT fields in total Faraday depth through the Milky Way




lonosphere
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lonosphere

Idea: Regard ionospheric Faraday rotation as additional parallactic
rotation:

(8).= (ol =303) (5),,

Boc)\z/ ne B -dr
LOS



Earth’s magnetic field

US/UK World Magnetic Model - Epoch 2015.0
Main Field Total Intensity (F)
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Earth’s magnetic field

US/UK World Magnetic Model - Epoch 2015.0
Main Field Total Intensity (F)
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Electron column density



Electron column density




Electron density in 3D

Ling of Sight
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model and plot due to Yu-Wei Liao



Models for ionospheric Faraday rotation

v

ionFR (used in LOFAR)

K. Smith’'s model (used in CHIME)
Tony Willis' model (DRAO)
Victor's model (used by us)

v

v
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Does the correction work?

736 MHz, uncorrected
300 . . : : : . .

-1.0 =05 0.0 0.5 1.0
polarization angle difference

2.0



Does the correction work?

300

736 MHz, corrected (v2)

-1.0 -0.5 0.0 0.5
polarization angle difference

1.0




Summary

Polarization is a nuisance (for cosmology).
Polarization is helpful (for everything else).

Faraday rotation is a nuisance (distorts polarization).
Faraday rotation is helpful (LOS component of B-field).

lonospheric rotation is a nuisance (but we can correct it).
lonospheric rotation could be helpful (rotates telescopes for us).



