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extragalactic Faraday depth:

φe ∝
∫ rMilkyWay

rsource

ne(~x)Br (~x)dr

source itself
cosmic web

galaxies and clusters
Milky Way



41 330 data points
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data

maximum likelihood solution

d = Rφg + φe + n︸ ︷︷ ︸
n′

if n′ Gaussian
⇒ likelihood P(d |φg ) Gaussian

n′ uncorrelated



Bayesian inference

P(φg| d) =
P(d |φg)P(φg)

P(d)

all prior information encoded in P(φg)

e.g.: P(φg) Gaussian ⇒ P(φg| d) also Gaussian.
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1D example
Assumptions:

I signal field statistically homogeneous Gaussian random field
I noise uncorrelated, Gaussian

-15

-10

-5

0

5

0 20 40 60 80 100 120



1D example
Assumptions:

I signal field statistically homogeneous Gaussian random field
I noise uncorrelated, Gaussian

-15

-10

-5

0

5

0 20 40 60 80 100 120



1D example
Assumptions:

I signal field statistically homogeneous Gaussian random field
I noise uncorrelated, Gaussian

-15

-10

-5

0

5

0 20 40 60 80 100 120



1D example

I Reconstruct (iteratively):
signal, power spectrum, noise variance
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posterior mean of the Galactic Faraday depth



uncertainty of the reconstruction
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What about extragalactic contributions?

d = φe + Rφg + n︸ ︷︷ ︸
n′′

P(φe) Gaussian

P
(
n′′
)

Gaussain

P(φe| d) Gaussian

N ′′ = Φ + N

Φ(`,m)(`′,m′) = δ``′ δmm′ C`

Nij = δij σ
2
i ηi

Eij = δij σ
2
e ηe

idea: find subset of data for which ηi ≡ 1



SUMMARY

I Don’t be afraid to use prior information;
use posterior to do inference.

I Galactic contribution to Faraday rotation
can be separated using its correlation
structure

I Extragalactic contribution not so easy,
only possible if noise statistics very well
understood
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