
Magnetic fields seen through Faraday rotation
–

from the Milky Way to cosmic scales

Niels Oppermann

with: Torsten Enßlin, Henrik Junklewitz, Valentina Vacca,
Mike Bell, Bryan Gaensler, Dominic Schnitzeler, Jeroen Stil,

. . .

Astro lunch talk, University of Waterloo, 2014-10-15



h+ magazine

D
an

a
B
erry,

N
A
S
A

NASA/JPL-Caltech

M
P
A

ESA/Planck



Synchrotron

Haslam et al. (1981) Hinshaw et al. (2009)

Fletcher et al. (2011)



Synchrotron

Haslam et al. (1981) Hinshaw et al. (2009)

Fletcher et al. (2011)



Synchrotron

Haslam et al. (1981) Hinshaw et al. (2009)

Fletcher et al. (2011)



Dust

Hall (1949) Planck Collaboration Int. XIX (2014)



Dust

Hall (1949) Planck Collaboration Int. XIX (2014)



Faraday rotation

dβ ∝ λ2ne Br dr

⇒ β ∝ λ2
∫ 0

rsource

(1 + z)−2 ne Br dr



Faraday rotation

Faraday depth: φ ∝
∫ 0

rsource

(1 + z)−2 ne Br dr

β = φλ2



Faraday rotation

Faraday depth: φ ∝
∫ 0

rsource

(1 + z)−2 ne Br dr

β = φλ2

source itself
cosmic web

galaxies and clusters
Milky Way



Extracting the Galactic
contribution
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& 40 000 data points



Challenges

I Regions without data

I Extragalactic contributions
unknown

I Uncertain error bars
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1D example
Assumptions:

I signal field statistically homogeneous Gaussian random field
I noise uncorrelated, Gaussian
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1D example

I Reconstruct (iteratively):
signal, power spectrum, noise variance
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Galactic Faraday depth

uncertainty
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Extracting the extragalactic
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idea: find subset of data for
which ηi ≡ 1
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What is the extragalactic
contribution?
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d = φg + φe + n

Wiener filter:
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Simulation

0.0

0.2

0.4

0.6

0.8

1.0
intrinsic

−40

−20

0

20

40

χ
1

−40

−20

0

20

40

χ
2

−
40

−
20 0 20 40

χ0
−5.0

−2.5

0.0

2.5

5.0

χ
3

environm.

−
40

−
20 0 20 40

χ1

b-depend.

−
40

−
20 0 20 40

χ2
−
5.
0

−
2.
5

0.
0

2.
5

5.
0

χ3

z-depend.

〈
φ 2
e,i

〉
=100

[
eχ0

(1+zi)
4+χ3

+
L(zi)

L0
eχ1 +p(b)eχ2

]
rad2 /m4

preliminary

plots courtesy of Valentina Vacca



Real data
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Summary

I Galactic contribution (correlated) can be separated
from rest (uncorrelated)

I Rest can be separated statistically into extragalactic
and noise

I Uncertainties are large and should not be ignored

All results at
http://www.mpa-garching.mpg.de/ift/faraday/
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