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Outline

1. The physics
Faraday depth – measuring magnetic fields (sort of)

2. The statistics
priors, marginalizations, and the Gibbs free energy

3. The application
...of the extended critical filter to the Faraday sky

4. Why we bother
if there’s time left...
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41 330 data points



Challenges

I Regions without data
I Uncertain error bars:

I complicated observations
I nπ-ambiguity
I extragalactic

contributions unknown



The Statistics
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Wiener Filter

m =

∫
Ds s P(s|d)

d = Rs + n

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

↓ DR†N−1·
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Problem: P(s|d) is non-Gaussian.
Solution: Find Gaussian G(s −m,D), that best approximates
P(s|d).

I Minimize Kullback-Leibler divergence

dKL =

∫
Ds G(s −m,D) log

(
G(s −m,D)

P(s|d)

)
or

I Minimize approximate Gibbs free energy

G =
〈
HP(s|d) + log (G(s −m,D))

〉
G(s−m,D)

Enßlin & Weig (2010)



Problem: P(s|d) is non-Gaussian.
Solution: Find Gaussian G(s −m,D), that best approximates
P(s|d).

Extended Critical Filter
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0D test case



1D test case
Assumptions:

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

-10

-5

0

5

10

0 100 200 300 400 500



1D test case
Assumptions:

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

-10

-5

0

5

10

0 100 200 300 400 500



1D test case
Assumptions:

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

-10

-5

0

5

10

0 100 200 300 400 500



1D test case

I Reconstruct (iteratively):
signal, power spectrum, noise variance
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The Application
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I Approximate s(b, l) := φ(b,l)
p(b) as a statistically isotropic

Gaussian field

I R: multiplication with p(b) and projection on directions of
sources

I Nij = δijηiσ
2
i
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uncertainty of the signal map
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posterior mean of the Faraday depth
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Why we bother
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Summary

1. The extended critical filter reconstructs
I “smooth” signals
I from data that are

I noisy
I and incomplete.

2. It makes use of the
I signal covariance
I and noise covariance

even though they are unknown.

3. Only the eigenvectors of these matrices have to be known.

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



Backup
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