
Cosmic magnetism

revealed through Faraday rotation

Niels Oppermann

with:

B. M. Gaensler (Toronto)
V. Vacca, T. A. Enßlin, J. Jasche (Munich)

J.-A. Brown, J. Stil (Calgary)
H. Junklewitz, S. A. Mao, D. H. F. M. Schnitzeler (Bonn)

and others

Western University, 2015-12-03



� �



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

if B-fields in front of emission:

φ = RM = dβ

dλ2



Faraday rotation

if B-fields in front of emission:

φ = RM = dβ

dλ2

if B-fields and emission mixed:

anything can happen

Use Q(λ), U(λ), I (λ),

RM synthesis,. . .
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& 40 000 data points



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .

anything can happen



d = φMW + φextragalactic + n

Challenges

◮ Regions without data

◮ Galactic/extragalactic split
unknown

◮ Uncertain uncertainties
◮ n π ambiguity
◮ multiple components

along a LOS
◮ ionosphere
◮ . . .

d = φMW + φextragalactic + φionosphere(t) + n
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Galactic Faraday depth

uncertainty

NO et al., A&A, 2012/2015; arXiv:1111.6186 / arXiv:1404.3701
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idea: find subset of data for which
noise statistics are perfectly known
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◮ σe . 7 rad/m2
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What magnetic fields is this due to?
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Summary

◮ Faraday rotation probes B-fields on (almost) all scales

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

◮ Rest can be statistically split into extragalactic and noise

◮ Uncertainties are large and need to be understood

Outlook

◮ Large-scale structure information to be included

◮ More sophisticated treatment of observational
uncertainties desirable

Results: http://www.mpa-garching.mpg.de/ift/faraday/
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