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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



How it’s done



signal s signal response Rs data d

99

R·

99

+n

d = Rs + n

P(s) = G(s,S)

P(n) = G(n,N)

G(s, S) =
1

|2πS |1/2
exp

[
1

2
s†S−1s

]



signal s signal response Rs data d

99

R·

99

+n

d = Rs + n

P(s) = G(s, S)

P(n) = G(n,N)

G(s, S) =
1

|2πS |1/2
exp

[
1

2
s†S−1s

]



signal s signal response Rs data d

99

R·

99

+n

Wiener Filter

d = Rs + n

m =

∫
Ds s P(s|d)

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

↓ DR†N−1·



signal s signal response Rs data d

99

R·

99

+n

Wiener Filter

d = Rs + n

m =

∫
Ds s P(s|d)

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

↓ DR†N−1·



S(n̂, n̂′) =

∫
Ds s(n̂)s(n̂′)P(s)

= S(n̂ · n̂′)

⇒ S(`m),(`′m′) =

∫
Ds s`ms

∗
`′m′P(s)

= δ``′δmm′C`

↪→ angular power spectrum

Nij = δijσ
2
i

(uncorrelated noise)



S(n̂, n̂′) =

∫
Ds s(n̂)s(n̂′)P(s)

= S(n̂ · n̂′)

⇒ S(`m),(`′m′) =

∫
Ds s`ms

∗
`′m′P(s)

= δ``′δmm′C`

↪→ angular power spectrum

Nij = δijσ
2
i

(uncorrelated noise)



S(n̂, n̂′) =

∫
Ds s(n̂)s(n̂′)P(s)

= S(n̂ · n̂′)

⇒ S(`m),(`′m′) =

∫
Ds s`ms

∗
`′m′P(s)

= δ``′δmm′C`

↪→ angular power spectrum

Nij = δijσ
2
i

(uncorrelated noise)



S(`m),(`′m′) = δ``′δmm′C` Nij = δijηiσ
2
i



S(`m),(`′m′) = δ``′δmm′C` Nij = δijηiσ
2
i

10−10

10−8

10−6

10−4

10−2

100

10−2 10−1 100 101 102 103 104

P
(C

`)
,
P

(η
i)

C`, ηi

⇒ marginalize over all possible parameters



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

I New map of the Galactic contribution to Faraday depth

I Extragalactic contributions filtered out via spatial correlation
structure

I Potential for studies of
I Interstellar medium
I Galactic magnetic field
I Extragalactic sources

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



Backup



1D test case
Assumptions:

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

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

-15

-10

-5

0

5

10

15

0 20 40 60 80 100 120





10−4

10−3

10−2

10−1

100

101

10−1 100 101 102 103 104

P
(η

)

η

λ2-fit
RM synthesis


